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Measurement of Radical Quantum Yields from Formaldehyde Photolysis between 269 and
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The relative quantum vyield for the production of radical products, H and HCO, from the photolysis of
formaldehyde (HCHO) has been measured directly at wavelengths from 269 to 339 nm. Measurements of the
radical products were conducted using chemical amplification with subsequent detection by chemical ionization
mass spectrometry (CIMS). All yields were measured at a pressure of 50 Torr and were normalized to a
quantum vyield of 0.753 at 303.75 nm based on the recommendation of DeMot& Bielquantum yields

were measured with sufficient wavelength resolutien @.62 nm, fwhm) to observe structure which had
been previously unreported and is believed to provide evidence for a complicated competition among the
various dissociation pathways to H HCO, H+ H + CO and H + CO, as well as with quenching to the
ground state. The quantum yields measured should aid in the calculation of formaldehyde photolysis rates in
the troposphere and are estimated to result in increases of at least 8% in calculated H/HCO production.

The photolysis of larger aldehydes does not play as large of a
role in the production of peroxy radicals as these molecules

Introduction
The simplicity of the formaldehyde molecule has attracted

much attention from spectroscopic photochemical; 1! and
theoretical>~1# investigations for many years. Increasingly

sophisticated experiments have been designed and carried ou
leading to a more detailed and complete understanding of the

molecule and its interaction with electromagnetic radiation. In

recent years, the photodissociation of formaldehyde has also.

attracted attention due to its significant role as a source of

radicals in the troposphetéthough it has been nearly twenty

years since the last quantum yield measurements were publishe
Formaldehyde is one of the most important carbonyl mol-

ecules in the lower atmosphere, being present in both polluted

and rural areas. It is produced from the combustion of fossil
fuels, the photochemical oxidation of methane and other
hydrocarbons, as well as from biomass burnifyy.

The absorption of sunlight by formaldehyde can lead to
dissociation via three pathways

HCHO+hv—H-+HCO  (1=330nm) (1)
—H,+CO ¢ =361nm) (2)
—H+H+CO (1=<283nm) (3)

where the wavelength limits represent the thermodynamic
thresholds for each channel. The photolysis of formaldehyde
to produce Hand CO (reaction 2) in the atmosphere constitutes
a significant loss process for this molecule.

In addition, photodissociation via reaction 1 leads to the
production of two radicals, H and HCO, both of which react in
the presence of £to create HQ radicals

H+ 0, +M —HO,+ M 4)

HCO+ 0, —~ HO, + CO (5)

* To whom correspondence should be addressed.
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primarily absorb radiation at shorter wavelengths. Because the
actinic flux reaching the troposphere is relatively weak at these
\{vavelengths, the corresponding photolysis rates are smaller.
In polluted urban atmospheres (with high N€oncentra-
tions), reactions 1 and 3 do not represent a net loss of
formaldehyde because the H@adicals that are formed react

in the presence of CHand NO to ultimately regenerate
formaldehyde. The creation of two HQadicals per photon

Oabsorbed leads to a net increase ingHOncentrations in the

polluted troposphere. Additionally, convective injection of
formaldehyde into the upper troposphere followed by photo-
dissociation may serve as an additional source of kH@icals

in this region of the atmosphere. This mechanism could help to
reconcile discrepancies between observed and modeled HO
concentrations in the upper troposph&ré’

The photolysis of formaldehyde has been shown to play a
role in the formation of photochemical smog through the
production of radical chain carriers (HDwhich participate in
the catalytic production of €21

HO, + NO — NO, + OH (6)
NO, + hv — O+ NO @)
O+0,+M—0,+M 8)
OH+ CO—CO, + H 9)
H+0,+M—HO, + M (10)
Net: CO+ 20, +hv—CO,+ O, (11)

In this catalytic chain, the HEradical serves to convert NO to
NO; (which leads to @ production), and in the presence of
CO it is regenerated.
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Figure 1. Previous radical (H- HCO) quantum yield measurement:
Tang et aP° (O), Sperling & Toby (@), Clark et al*? (), Horowitz

& Calvert?® (®), Moortgat et af* (a), and the recommendation of
DeMore et ak: (—).

Smith et al.
Experiment

Monomeric formaldehyde was prepared from paraformalde-
hyde (Aldrich, 95% purity) using the procedure of Spence and
Wild. 3> Formaldehyde was collected by condensing it in a cold
trap in liquid N; (80 K) and then purified by warming in a trap
in an 2-propanol/dry ice slush (196 K) and transferring to
another trap in liquid M Gas mixtures were then prepared by
allowing the sample to warm and diluting a known pressure of
the formaldehyde gas with.ANUHP Matheson). UV absorption
spectroscopy and CIMS showed no evidence of any impurities.
The NO used (UHP Matheson) was first purified by condensing
any NG, impurity present in a finger held in an 2-propanol/dry
ice slush. The purified NO was then diluted with d make
the NO gas mixture.

A schematic diagram of the Photo-CIMS experimental
apparatus is shown in Figure 2 and is described in detail in
previous work3®37 A 75-Watt xenon arc lamp (Oriel 6137)
produced white light that was focused into a monochromator
(McKee-Pedersen Instruments 1018B) containing a diffraction
grating (2360 lines mm') used to disperse the light. The

The need for accurate absorption spectra has continued tomonochromator was calibrated over the entire range of wave-
motivate high-resolution measurements of the formaldehyde |engths used in this study through the use of well-known Hg

cross sectioR?-25 Likewise, the quantum yields for the radical

emission lines from a Hg pen lamp (UVP) to ensure accurate

channel (reaction 1) and the molecular channel (reaction 2) havewavelength determination. The light flux exiting the photolysis
been measured repeatedly in past years over a range of pressureghe was measured using a wavelength-calibrated photodiode

and temperature’$:-32 Nearly all of the studies of the radical

(Oriel 70282).

channel quantum yield have been based on measurements of The formaldehyde/Nflow (2—4 STP mL min:%), NO/N,

the H, and/or CO yields. In these experiments, the H radicals
reacted with HCHO to producejHor with a scavenger (such

flow (0.5 STP mL min-1) and Q (UHP Matheson) flow
(2 STP mL min-1) were introduced and mixed at the rear

as isobutene) to generate other products. Estimations of thepf the photolysis tube. The photolysis tube was constructed
radical channel yield were then made either through comparisonoef 1/, in. 0.d. (4 mm i.d.) Pyrex tubing and was 11 cm in

of the H, yields with and without the scavenger, or else through
comparison with the CO yield. Similarly, Marlidgmeasured
radical yields from the photodissociation of deuterated form-
aldehyde by monitoring &l D2, and HD.

Only one stud$® has measured the radical channel quantum
yield through detection of a product unique to this channel. In
that study, the chemiluminescence of HNO formed from the
reaction of H and NO was monitored by Tang et al. The

length. Residence times in the photolysis tube were on the
order of one second, and the concentration of the formalde
hyde in the photolysis tube was typically 106 molecule
cm~3. The entire flow passed down the length of the tube
and then entered the iemolecule region where ionization
was accomplished. A quadrupole mass spectrometer (ABB
Extrel Merlin) was located at the end of the temolecule
region. All gas flows were monitored with calibrated mass

quantum yields obtained in this way are shown in Figure 1 along flow meters (Tylan). The pressures in the photolysis tube

with those from other studi&3831.3%n which the quantum yield
was deduced from the yields of,tand/or CO. The yields of

(~50 Torr) and the iormolecule region {25 Torr) were
monitored using a©1000 Torr capacitance manometer (MKS

Tang et al. are significantly lower than those determined in the Baratron).

other studies precisely at those wavelengths at which formal-

dehyde absorbs light most efficiently and at which the solar
flux increases rapidly.

Current recommendatioh® for the radical channel quantum
yield are based primarily on the work of Horowitz and Caltfert
and Moortgat et at* (both detecting Hand/or CO yields). The

Chemical ionization of the photolysis-titration products was
achieved using the reagent ion,eSFwhich was generated by
passing a 1500 STP mL mihflow of N, with SR (~1 ppm)
through a?1%o Nuclecel ionizer (NRD, Inc.). leamolecule
gases (neutrals and ions) were drawn into the front chamber by
a mechanical pump (Varian SD-450). The ions were focused

agreement between these two sets of measurements is good?y & 4 cmo.d. and 0.1 mm i.d. stainless steel plate held at
though some questions remain as to the reason for the 20 V and passed into a second chamber which contained the

discrepancy between these studies and that of Tang et al. In arggatldrupol_lt_aMmasszl‘ilterEumped:y a LurboTolelcule:jr drag pump
effort to resolve this discrepancy, we have employed a( alzers U 520). second turbomolecular drag pump
broadband light source coupled to a monochromator for pumped the rear chamber, whlch held the multiplier assembly.
wavelength discrimination. Selective titration and chemical Th? salme Jotary pump _(I_\k/]arlan SDF;35(2 backeo'I[ b(_)th”turbto-
amplification of the H and HCO radical products were used, molecular drag pumps. The rear chamber was typicaly at a

and subsequent detection and measurement of the yields wadressure of-10°° Torr.

accomplished with chemical ionization mass spectrometry

(CIMS). Use of the monochromator reduced the light flux Measurement

available for photolysis but it offered continuous wavelength

selection. The corresponding reduction in photolysis was Detection of Radicals and Chemical Amplification. The
compensated for by the high sensitivity of the CIMS detection products of the radical dissociation channels, H and HCO, were
technique. not detected directly with chemical ionization. Instead, both
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Figure 2. Schematic diagram of the Photo-CIMS system.

products were titrated with excess @ convert them to H® with the large concentration of formaldehyde that is present to

radicals regenerate the HCO radical
H+O,+M—HO,+M 4) OH+ HCHO— HCO+ H,0 (15)
HCO+ 0,— HO, + CO (5) and this reaction completes the chemical amplification of the
photoproducts
The re_actions of H@with itself limited the ability to measure H+0,+M—HO,+ M @)
HO; directly
HO, + HO, — H,0, + O, (12) HCO+ 0, HO, + CO ©)
HO, + NO— NO, + OH (6)

Reaction with the large concentration of formaldehyde present
could also remove HO OH+ HCHO—HCO+ H,0 (15)

HO, + HCHO+ M —HOCHOO+M  (13) Net: HCHO+ NO + 0,— NO, + H,0+ CO (16)

However, the adduct formed is not thermally stable and therefore | this way, the slow rate of photodissociation was enhanced

reaction 13 will not result in net removal of HOAdditionally, through the amplification of the yields of the radical photo-
the small absorption cross section of formaldehyde at theseproducts.
wavelengths (the maximum cross section8 x 10720 cn? Linearity of Chemical Amplification. Measurement of

molecule™ near 304 nr#¥) and the low light flux available  radical quantum yields through the detection of N@quired
from the arc lamp resulted in very small concentrations of that the chemical amplification be linear with the rate of
the photoproducts. production of H and HCO radicals. Tests were therefore
In an effort to enhance detection of these photoproducts, aperformed in which the N@ signal rise from the photolysis
chemical amplification scheme based on the peroxy radical ang subsequent chemical amplification was monitored as a
measurements of Cantrell et*P®was implemented. In this  fynction of the light flux in the photolysis tube (Figure 3). With
scheme the H@radicals reacted with excess NO to produce tnhe introduction of a variable neutral density filter at the entrance
NO, to the monochromator, the flux in the photolysis tube was
adjusted while all of the other parameters such as wavelength

HO, + NO—NO, + OH (6) and bandwidth of the light and concentrations and flows of the

) ) gases were held constant. It was found that the scheme amplified
The NG~ was easily detected with CIMS the radical signal by a factor of about 35 and that the signal
rise was linear over a range of more than 50 in the light flux.

NO, + SF; —NO, + SFK; (14) These findings further indicated that the signal could be expected

to remain linear over a correspondingly wide range of values
In addition to converting H@to NO,, reaction 6 leads to the  of the absorption cross section and quantum yield. In practice,
production of an OH radical. The OH radical reacts quickly relative measurements were made by matching the rate of
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Figure 4. Sample signal rises with wavelength alternated between
Figure 3. Experiment performed to determine response of chemical reference; = 303.75 nm) and measuremeht & 328.75 nm). Light
amplification with light flux (. = 304.6 nm). Line represents a least-  flux at 1, is attenuated by approximately 70% in order to match the
squares fit to the data. signal rise at the two wavelengths.

photodissociation to that at a reference wavelength, so thatslit of the monochromator allowed the light to be attenuated
linearity over such a large range was not required. The linearity and the magnitude of the NO signal to be controlled. With

in the NO~ signal observed in these tests thus confirmed that comparable concentrations of all trace species at the two
the chemical amplification scheme could be used in making Wavelengths, similar detection sensitivites and secondary
the quantum yield measurements. This linearity also indicated chemistry were ensured. This procedure allowed a direct
that the chain amplification is terminated by a first-order comparison of the photolysis-titration product yields obtained
reaction, which might be a reaction at the wall or a pseudo- at the measurement and reference wavelengths.

first-order reaction with a species present in large concentration ~ Calculation of Quantum Yields. The absolute quantum yield
(such as @ or HCHO). Finally, the kinetics of the chemical ~at the measurement wavelengfh)(was calculated relative to
amplification scheme were modeled using published values for that at the reference wavelength)(through use of the following
the rate coefficients for all of the reactions expected to be presentexpression (derived in previous wéfk)

in the experiments. Though the modeling confirmed that the

amplification was linear under the conditions of the experiment, S, 13,2, [exp(o; [HCHO]!) — 1]
the calculated amplification chain length was found to be ¢lz_¢llgqi_2[exp(o-l [HCHOJ!) — 1]
approximately 135, nearly four times larger than was measured. vz 2
We believe that this disparity reflects the omission of a first-
order chain termination mechanism in the model, such as a

Vq?ggiacot'oi &r irﬁcg:lgsctfdMgas-phase reaction, for eXf’lmpleabsorption cross section (high-resolution cross section data from
G i . ) Cantrell et aP®) weighted by the known monochromator shape
Relative Quantum Ylelds.ReI.atlve quantum yield measure-  fynction over the given bandwidth (usuat0.625 nm, fwhm).
ments were made by comparison of NOyields at various e highly structured absorption by formaldehyde demanded
wavelengths rel_atlve to the yield at a reference wavelength of 5eful” consideration of the effect of the shape function
303.75 nm. This reference wavelength was chosen for the (yjangular in this case) on the distribution of the light entering
following reasons. First, the formaldehyde absorption cross the photolysis tube in order to accurately determine the quantum

17)

In this expressionS; is the NQ~ signal rise, and; is the light
flux (in Watts). Values foro; represent the formaldehyde

section at this wavelength is relatively large (4.8310720 yields.

cn?).?3 Second, the H/HCO quantum yield is believed to be * The effect of the monochromator shape function on the
fairly large (0.753) and constant around this wavelerigti. effective absorption spectrum of formaldehyde is shown in
relative measurements were placed on an absolute scale byigyre 5. Here, the shape function (shown in the inset) results
normalizing to a value of 0.753 at this wavelength. in less light exiting the monochromator at the edges of the

The wavelength of the light in the photolysis tube was bandwidth, and the peak in cross section near 329.5 nm is
alternated between the reference and measurement wavelengthsomewhat attenuated. This effect results in a very different value
(see Figure 4) by changing the angle of the diffraction grating for the average cross section over this bandwidth. In fact, in
in the monochromator. Measurements were typically made usingthis example, the weighted cross section is approximately 20%
an exposure time of three minutes at each wavelength. Only smaller than the simple average cross section. This difference,
the photolysis wavelength was changed, while other variablesif not accounted for, would result in a corresponding error of
(including gas flows and concentrations) were kept constant 20% in the calculation of the quantum yield.
between successive measurements. However, if the effective Besides affecting the magnitude of the average cross section,
rates of photolysis at the reference and measurement wave+the highly structured features in the absorption spectrum lead
lengths were significantly different, then secondary reactions to asymmetric weighting. In some cases, the majority of the
involving species produced in the titration (such as,t@d absorption over a given bandwidth results from an intense peak
NO,) would be different, as well. near the edge of the bandwidth. The quantum yield that is

To minimize the effects of this secondary chemistry on the measured is then more representative of this wavelength than
species being measured, the Néncentration (as measured of the “central” wavelength. In the example shown in Figure 5,
by the NQ~ signal) was matched at the two wavelengths. the central wavelength is shifted from 328.75 to 329.16 nm due
Placement of a variable neutral density filter at the entrance to the peak near 329.5 nm.
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Figure 5. Effect of the triangular shape function of the monochromator (shown in the inset) on the absorption spectrum of formatdghyde (
resulting in a weighted spectrum-(—). The shift in the vertical lines represents the shift in the midpoint or the wavelength at which the weighted
absorption is divided into equal areas on either side. The weighting reduces the average cross section by 20% and would result in a corresponding
error in the measurement of the quantum yield if not taken into account. Note that the true absorption has been shifted upward for clarity. (Cross
section data from Cantrell et. &)

In addition to weighting the high-resolution absorption cross The measurements include absorption of any stray light that
section data of Cantrell et.& with the monochromator shape might be present in addition to absorption of the light of the
function, direct measurements of the formaldehyde absorption selected wavelengths. This method of measuring the weighted
were carried out. Light from the arc lamp was filtered by the cross sections thus factored out any possible absorption of stray
monochromator, just as in the quantum yield measurements,light in the calculation of the quantum yields.
and the light flux was measured at the end of the photolysis  The effective absorption cross sections determined both
tube with the photodiode. The light flux was measured both through the direct measurement of the absorptions as well as
with and without the formaldehyde present, and from these through the weighting of the cross section data of Cantrell et
absorptions effective cross sections were determined. Theal. are shown in Table 1. The effective wavelengths listeg,
quantum yields were then calculated using these cross sectiongepresent the shifts in the “central” wavelengths calculated from

and a simplified form of eq 17 the asymmetry in the absorption over each bandwidth. The two
methods can be seen to compare favorably at nearly all
5/12 I 1Ay 01, wavelengths and bandwidths used. The lack of any systematic
b, = hgl_/l_a_ (18) offset to larger or smaller values indicates that there is little
1 42725 systematic error present in the absorption measurements. In

addition, the general agreement between the two methods

This equation is obtained by replacing the exponential terms in indicates that the presence of stray light in the monochromator
eq 17 with a Taylor expansion, with the second-order and higher is minimal and does not affect the quantum yield measurements.
terms neglected. With maximum values foy of 9 x 10~ The notable exception to the good agreement, at 333.75 nm,
cn? molecule!, [HCHO] ~ 10 molecules cm® andl = 11 yegyits most likely from difficulties in measuring the very small
cm, the exponent is never larger than 0.01, and the omission ofcross section at high resolution at that wavelength. The wide
the higher-order terms in the Taylor expansion results in a pandwidth of the monochromator measurements probably resuits
negligible error for all measurements made. in smaller errors since these measurements represent integrated

The absorption measurements were conducted relative toabsorptions over the entire bandwidth. Therefore, all quantum
those at the reference wavelength (303.75 nm). This procedureyields listed in Table 1 were calculated with the absorption data
eliminated the need for the absolute determination of the measured in this work with the monochromator. These quantum
formaldehyde concentration (as required, in principle, by the yields are shown in Figure 6 along with the data of Horowitz
use of eq 17). In addition, the absorption measurements made& Calvert?® Tang et al2° Moortgat et al3! as well as the
in this manner automatically reflect the weighting by the recommendation of DeMore et.&for comparison. The errors
monochromator shape function since they were made with the quoted represent 95% confidence limits and include estimated
same bandwidths as in the quantum yield measurements. Finallyuncertainties in both the measurements of thesN@elds as
these measurements diminished the potential effect that straywell as the absorption measurements; however they do not
light of unwanted wavelengths which may have exited the reflect the uncertainty in the quantum yield at the reference
monochromator could have on the quantum yield experiments. wavelength of 303.75 nm. It should be noted that the uncertainty
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Figure 6. Radical (H/HCO) quantum yields. This wor®), Horowitz & Calver® (O), Tang et af° (O), Moortgat et af (), and recommendation
of DeMore et al (— —). The absorption spectrifis shown at the bottom for reference. Error bars on the quantum yield data represent 95%
confidence limits.

TABLE 1: Radical (H/HCO) Quantum Yields Measured in

This Work e B HeCO 2e3m

A (nm) Ae (nM)  AAP (NmM)  ore (MeAS)  orel (calcy 1o 311317 nm
268.75 +0.62 0.151 0.4% 0.06 ' HaHCO 3306 mm

278.75 +0.62 0.269 0.55 0.06 354 7m

283.75 +0.62 0.442 0.65 0.07 T 367 m

288.75 +£0.62 0506 0.72£ 0.07 397 mm

293.75 +0.62 0.995 0.6# 0.07 >

298.75 + 0.62 0.576 0.62: 0.07 o)

301.25 + 0.62 0.238 0.7@& 0.11 8

303.75 1 1 0.758 L

306.25 306.09 +0.62 0.580 0.640 0.6& 0.07

308.75 308.86 +0.62 0.495 0.480 0.74 0.08

311.25 311.28 +0.62 0.103 0.135 0.6& 0.09

313.75 314.13 +0.62 0.592 0.605 0.62 0.07

316.25 316.42 +0.62 0.576 0.603 0.6% 0.07 H.+ CO

321.25 321.13 +0.62 0.209 0.226 0.64 0.08

326.25 326.08 +0.62 0.967 1.029 0.5% 0.05

328.75 329.16 +0.62 0.311 0.355 0.34 0.04 . .

33125 33087 +062  0.180 0.199  0.46 0.06 Reaction Coordinate —>

333.75 33324 +1.25 0.061 0.029 0.3¢0.07 Figure 7. Energy level diagram for relevant excited states of
336.25 338.65 +1.80 0.215 0.202 0.0£0.01 formaldehyde with correlated dissociation channels (adapted from
338.75 339.09 +1.80 0.546 0597 0.040.01 Houston & Mooré). Wavelength thresholds taken from: Hayes &

12 5 i 42 4
2 The effective wavelength represents the asymmetry of the absorp-MorOkuma' Chuang et af’ Polik et al. and Bruna et a

tion cross section over the bandwidth employeBull-width at half-

maximum.® Absorption cross section measured relative to that at 303.75 ] . . . . .
nm. ¢ Absorption cross section calculated with the known shape function confirmation of the complexity associated with the photodis

of the monochromator and the cross section data of Cantrell?ét al  SOciation of formaldehyde at wavelengths in the UV.
e Quoted errors represent 95 % confidence limits and include uncertain-  The absorption of light by formaldehyde occurs through the
ties in ore (Meas).f Normalization wavelengthp = 0.753 taken from electronic excitation from the ground singlet state of the

DeMore et al molecule &) to the first excited singlet stat&), with some

) . ) . . excitation from the ground state to the first excited triplet state

in the cross section constitutes a large fraction of the error in (T1).23581340Many challenging experiments and theoretical

the quantum yield at most wavelengths. studies have investigated the processes controlling the redistri-

bution of energy within the molecule. Even without extensive

knowledge of the potential energy surfaces involved, the roles
Dissociation Dynamics.The quantum yields for Hand HCO  of these processes have been clarified, and these are summarized

production measured in this study show structure which had in Figure 7. The wavelengths shown in the figure represent the

been previously unreported. These results provide a newappropriate energetic thresholds.

Discussion
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Upon excitation t0oS,, a few pathways are possible: 1) 128 1 , : ,
internal conversion to highly vibrationally excited states of ‘
S, 2) quenching to lower energy (bound) statesSef 3) 1gp | | SOELZenn Anele (S2) /|

“spin-forbidden” transition to vibrationally excited states of
T;, and 4) (conjectured) direct dissociation via reaction 3
(H + H + CO). The highly vibrationally excited states of
S can lead to dissociation via reaction 1 (H HCO) as
well as via reaction 2 (H+ CO). The vibrationally excited
states ofT; lead to dissociation to H- HCO or perhaps to

H + H + CO.

The barriers evident for dissociation from to H + HCO
and from & to H, + CO result in calculated threshold
wavelengthd121444311-317 and 361 nm, respectively) shorter T 20 o e 20
than the thermodynamic thresholds of the corresponding prod-
ucts. Competition between these various dissociation pathways ) )
as well as quenching processes leads to complicated energy'9ure 8. Increase in H@production rate at 0 km-) and at 15 km
distribution following absorption of light at wavelengths in the ) calculated using the quantum yield data from this work relative

. . . to the recommendation by DeMore etal.
UV. The radical quantum yields here represent the first
measurements to. confirm this complicated behavior in the (2) from excitedT; and over a barrier, and (3) directly from
dissociation to radical products. Previous measurements of thethe initial excited stateS,
i i 31,32 g

radical quantum yield8=2appear much smoother and lack  Aymospheric Implications. The quantum yields for the
the structure thgt is apparent in the measurements pregepted herﬁroduction of H and HCO radicals from the photolysis of
The quantum yields reported by Tang etadlo show a distinct  orma|dehyde as measured in this work agree qualitatively with
peak near 300 nm, but the limited range of wavelengths {he yields reported by Horowitz & Calvéftand Moortgat et
employed precludes a more complete interpretation in terms of al.3! as well as with the recommendation of DeMore et al
the many competing dissociation pathways. (Figure 6). The rapid rise in solar flux in the troposphere at

Absorption by vibrationally excited molecules in the ground wavelengths longer than 300 nm, however, amplifies the small
electronic state can extend the wavelength threshold for dis- differences in the quantum yield values, and this results in a
sociation via a particular channel past its thermodynamic noticeable change in the calculated photodissociation rate of
threshold. Excitation of one quantum in the lowest vibrational formaldehyde in the troposphere.
mode (~1200 cnt! 134143 is calculated to extend the threshold The net effect on the radical production from the photolysis
for dissociation via reaction 1 as much as about 8 nm past theof formaldehyde in the atmosphere can be represented as a
thermodynamic threshold of 330 nm. Likewise, the observed change in the calculated rate of production of radical photo-
threshold for dissociation from; to H + HCO via the barrier products. In Figure 8, the rate of production relative to that
could be extended by about 8 nm past the calculated thresholdcalculated using the recommendation of DeMore &iskhown
ranging from 311 nm to 317 nm. The threshold wavelength for as a function of solar zenith angle. The net increase ranges from
dissociation to H+ H + CO could also be extended from 8% to 21% with the largest effect at the larger zenith angles
283 nm to approximately 291 nm. where the solar flux reaching the earth is enriched in longer-

The shift to longer wavelength of the thresholds for dissocia- Wavelength£ > 320 nm) radiation. At these wavelengths, the
tion via the various channels could explain the location of the quantum yields measured in this work are larger than those
structure in the radical quantum yields measured with the Photo-écommendetiand result in a larger rate of radical production.

CIMS system. The peak near 289 nm may correspond to the It is important to emphasize that the sole factor leading to the
onset of reaction 3 (H- H + CO) just as the peak near 330 enhancement in the radical yield is the difference between our

nm may correspond to the onset of reaction 1HHCO) via measured quantum yields and those recommended by DeMore

dissociation from the, state. The apparent peak near 304 nm ©t al* at4 > 320 nm.
is more difficult to interpret and may be due to a complicated
interaction between internal conversion3pand intersystem
crossing taT;. Nonetheless, the structure observed in the radical  The work presented here represents only the second study in
guantum yield measurements reported here supports theoriesvhich radical products from the photolysis of formaldehyde have
proposing that dissociation proceeds through a complicatedbeen measured directly and independently of the molecular
competition among the various pathways. products. The successful use of chemical amplification of the
Finally, the radical yields measured at short wavelengths radical products has allowed the measurement of these quantum
(A < 290 nm) could very well be due to dissociation via Yi€lds over a range of wavelengths in the UV with sufficient
reaction 3 (H+ H + CO) and not via reaction 1 (H HCO). resolution to observe structure that had not been reported
The large concentration of Qrequired in these experiments previously. The quantum yield values reported in this v_vork differ
results in conversion of both H and HCO radicals toand ~ from the values recommended by DeMore et especially at

it is therefore not possible to distinguish between these two !onger Wavelgngthsl(> 320 nm) at which the actini_c flux
dissociation channels. However, photons in this region of the Increases rapidly. The net calculated H/HCO production from

spectrum possess enough energy to lead to dissociation Viaohotolyss of formaldehyde in the troposphere is estimated to

reaction 3, especially when absorption by vibrationally excited Increase by at least 8% by using the quantum yields measured

formaldehyde molecules is considered. in this work.

Thus, the quantum yield measurements appear to support Acknowledgment. This research was supported by a
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