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Wavelength-Dependent Photolysis of i-Pentanal and t-Pentanal from 280 to 330 nm

Lei Zhu,* Thomas Cronin, and Amarjit Narang

Wadsworth Center, New York State Department of Health, Department.@bBEmental Health and
Toxicology, State Umersity of New York, Albany, New York 12201-0509

Receied: May 10, 1999; In Final Form: July 26, 1999

Photodissociation of i-pentanal ((HCHCH,CHO; 3-methylbutanal) and t-pentanal ((4CCHO; 2,2-
dimethylpropanal) in the 286330 nm region was investigated at 5 nm intervals by using dye laser photolysis

in combination with cavity ring-down spectroscopy. Absorption cross-sections of i-pentanal and t-pentanal
were obtained. Both aldehydes exhibited a broad absorption band peaking at 295 nm, with maximum absorption
cross-sections of (5.9& 0.22) x 10°2° and (4.264 0.07) x 10°2° cn®, respectively, for i-pentanal and
t-pentanal. The formation yield of the HCO radical from photolysis of i-pentanal and t-pentanal was determined
by monitoring HCO absorption at 613.8 nm. Except for 325 and 330 nm photolysis of i-pentanal, the HCO
yield was found to be independent of aldehyde pressurd 22Torr) and total pressure (2@00 Torr). For

the photodissociation of t-pentanal, the HCO yield was also determined in th& 0.6rr range and was

found to increase with t-pentanal pressure. The variation of HCO radical yield with photolysis wavelength
was determined. The peak HCO yields from t-pentanal and i-pentanal photolysis wete 0.92 and 0.40

+ 0.08 at 315 nm, respectively, where uncertainty reflects experimental scatter only. The difference in the
peak HCO yield from t-pentanal and i-pentanal photolysis was attributed to the opening up of the Norrish II
channel for i-pentanal. End products from closed-cell photolysis of i-pentanal and t-pentanal were investigated
at 290, 310, and 330 nm by using HPLC. Acetaldehyde was found to be a product from the photodissociation
of i-pentanal/N mixtures. Photolysis rates of i-pentanal and t-pentanal to form HCO were calculated for two
representative atmospheric conditions (noontime at sea level & Kfitude on January 1 and on July 1)

and were compared to those obtained from acetaldehyde photolysis.

Introduction 4.9 kImol! for R = t-C4Hg (A < 24.4um);

The photodissociation of aliphatic aldehydes is an important RCHO+ hy — CH,CHO + CH,=CHCH, 3)
source of HQ radicals in the polluted atmosphére. These
HO; radicals can react with NO to form N@nd thus participate ~ where AHzof® = 90.3 kdmol™* (1 < 1324 nm); and
in tropospheric ozone formation. In a recent papeg reported
the HCO formation yield from the photolysis of n-pentanal RCHO+ hy —RCO+H 4
(CH3(CH,)3sCHO) as a function of wavelength in the 28830 where AHaof = 365.7 kdmol- (1 < 327 nm)
nm range, and estimated the radical formation rate constants Pathways 1 and 2 are radical ;nd molecﬁlar fragmentation
for a representative set of atmospheric conditions. Studying thechannels respectively. Pathway 3, also called the Norrish II
wavelength-depend_ent photolysis of constitutional isomers of process, ,is only avaiIaBIe for i-penténal. Pathway 4 was found
n-pentanal such as I-pentanal (GACHCH,CHO; 3-methylbu- to be minor for small aldehydésin the absence of literature
tanal) and t-pentanal ((GCCHO; 2,2-dimethylpropanal) o o5 of heat of formation for i-ElgCO and t-GHyCO, the
allows us to examine the effect of alkyl substitution on aldehyde enthalpy change for channel 4 was assumed to be th,e same as

photgdiss_ociation produgt channels and quant_um yields.. that from the photolysis of propionaldehyde. Since channel 4
Aliphatic aldehydes display a weak absorption band in the jnyolves the breaking of a carbonyl hydrogen bond in the

240-360 nm region arising from a dipole forbiddern* photolysis of i-pentanal and t-pentanal as it does in the photolysis
transition localized on the CO chromophére.Based on of propionaldehyde, such an assumption is reasonable.
calculated enthalpy changes from known heats of formétigh, Previously published work on t-pentafahnd i-pentanaf
photoexcitation of i-pentanal and t-pentanal can lead to the \yas limited to steady-state photolysis using a full mercury arc.
following possible decomposition pathways: Quantum yields gy/droa = Paldroral ~ 0.5, were reported for

t-pentanal. The relative quantum yielty/(¢:1+ ¢») ~ 0.7, was

RCHO+ hw — R+ HCO 1) obtained for i-pentanal.
In the present study, we report the determination of the

whereAH;g8” = 351.0 kdmol~* for R = i-C4Hg (4 < 340 nm) wavelength-dependent photodissociation of i-pentanal and t-

and AHzod = 342.9 kdmol~* for R = t-C4Hg (4 < 348 nm); pentanal in the range 28@30 nm. Photolysis studies were
performed at 5 nm intervals. Absorption cross-sections of i- and

RCHO+ hv — CO+ RH (2) t-pentanal were determined. The HCO radical yields were
measured by using a sensitive detection technique, cavity ring-
whereAH o8 = —8.2 k3mol~1 for R = i-C4Hg and AHed® = down spectroscop¥?1*The absolute HCO concentrations were
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calibrated relative to those obtained from formaldehyde pho- 7

tolysis at each wavelength. In addition, we have estimated

product yields from the closed-cell photodissociation of i-

pentanal and t-pentanal in nitrogen at 290, 310, and 330 nmby ~ ¢} {

using HPLC. 3 } { i-Pentanal
¢

Experimental Section

The experimental apparatus has been described in detall
elsewheré:1>16Tunable photolysis radiation was provided by
a frequency-doubled dye laser pumped by a 308 nm XeCl
excimer laser {180 mJ/pulse). Laser dyes used to cover this
spectral range were Coumarin 153, Rhodamine 6G, Rhodamine
B, Rhodamine 101, Sulforhodamine 101, and DCM. The
excimer-pumped dye laser produced an energy output of 10
25 mJd/pulse depending upon the laser dye used and the
wavelength studied. Frequency doubling of the fundamental dye
laser output yielded 0-92.5 mJ/pulse of UV light. After passing
through beam turning prisms and mirror, the energy entering
the photolysis cell was about 6-8.6 mJ/pulse. The photodis-
sociation laser pulse propagated into the reaction cell afa 15 -
angle with the main cell axis through a sidearm, while the probe
laser pulse (613616 nm) from a nitrogen-pumped dye laser 0 L L L -1 L L
was directed along its main optical axis. The photolysis beam 270 280 290 300 310 320 330 340
and the probe beam were overlapped at the center of the reaction
cell vacuum-sealed with a pair of high reflectance99.999% Wavelength (nm)
at 614 nm) cavity mirrors. A fraction of the probe laser output Figure 1. Room-temperature absorption cross-sections in the-280
was injected into the cavity through the front mirror. The photon 330 nm region for i-pentana®) and t-pentanal¥). Error bars aret
intensity decay inside the cavity was monitored by measuring 10-
the weak .tra}nsmission of light through the rear mirror \{vith & TABLE 1: Absorption Cross-Sections of i-Pentanal and
photomultiplier tube (PMT). The PMT output was amplified, t-pentanal as a Function of Wavelength
Qigitizeq, and transferrgd toa compu'Fer. The decay curve was — P P
fit tp a single-exponential decay function .and thg total loss Per ; (nm) (102"0 cn)e (1(Tp20 - (10’20 cn?)
optical pass was calculated. By measuring cavity losses with

at I{Ii: s

t-Pentanal

. - -1
Cross Section (10 20 cm? molecule
L]

and without a photodissociation pulse, HCO absorption from 280 548+ 0.15 5.07+0.06 3.90+0.10
. . . 285 6.23+ 0.09 5.61+ 0.12 4.00+£ 0.16
the photolysis of i-pentanal and t-pentanal was determined.  5gq 6.094 0.15 576+ 0.20 416+ 0.12
Absorption spectra were obtained by scanning the wavelength 295 6.56+ 0.17 5.90+ 0.22 4.26+ 0.07
of the probe laser with a digital drive unit. The photolysis laser 300 5.80+ 0.16 5.55+ 0.22 3.95+ 0.05
pulse energy was measured with a calibrated Joulemeter. 305 5.43+ 0.09 5.36+0.13 3.75+ 0.07
. . 310 4.414+ 0.07 4.40£0.11 3.13+ 0.04
Gas pressures at the center of the reaction cell were monitored 375 3.74+ 0.09 3.96+ 0.07 257+ 0.06
with a Baratron capacitance manometer. Pressures b2 Zorr 320 2.36+0.10 2.46+ 0.10 1.78+ 0.05
and 0.5-12 Torr were used for i-pentanal and t-pentanal, 325 1.81+ 0.07 1.92+ 0.04 1.09+ 0.03
respectively, in the experiments. Quantum yield measurements 330 1.03+0.15 1.16+0.04 0.560+ 0.023

were undertaken at a laser repetition rate of 0.1 Hz to ensure aReference 5.
replenishment of the gas sample between successive laser shots.
Spectrum scans were performed at a repetition rate of 1 Hz. Results and Discussion

All experiments were carried out at an ambient temperature of Absorption Cross-Sections of i-Pentanal and t-Pentanal

293+ 2 K ) in the 280—330 nm Region Figure 1 shows room-temperature
Analysis of the closed cell photolysis products was done by apsorption cross-sections of i-pentanal and t-pentanal in the
HPLC using a Hewlett-Packard 1100 Series Chemstation HPLC. 280-330 nm region. The absorption cross-section at each
The gas products were derivatized on Waters SEP-PAK silica  \yavelength was obtained by monitoring the transmitted pho-
DNPH cartridges. The derivatized samples were eluted by 5 to|ysis photon intensity as a function of i-pentanal or t-pentanal
mL aliquots of acetonitrile and then transferred to sample vials pressure in the cell and by applying Beer's law to the data
for HPLC analysis. Injection volume of the eluents was®0  obtained. Error bars quoteddirepresent the precision of the
per sample vial. cross-section determinations and include the standard deviation
i-Pentanal £97%) and t-pentanak(97%) are liquids atroom  for each measurement.5%) plus the standard deviation about
temperature and were obtained from Aldrich Chemical Co. They the mean of typically four repeated experimental runs. System-
were purified by repeated freezpump—thaw cycles at 77 and  atic errors include those involving pressure (1%) and path length
273 K, respectively. Formaldehyde was generated by the (0.2%) determinations. Taking together random errors (see Table
pyrolysis of polymer paraformaldehyde (Aldrich Chemical Co.; 1 fori-pentanal and t-pentanal) and systematic errors, the overall
>95% purity) at 110°C.17 Nitrogen 99.999% purity, UHP uncertainty in cross-section measurementsi8s for i-pentanal
grade) was used as buffer gas and was obtained from Praxairand t-pentanal in the 2830 nm range. As seen from Figure
Oxygen £99.994% purity, UHP grade) was purchased from 1, the absorption spectra of i-pentanal and t-pentanal showed
MG Industries. little structure in the wavelength region studied. The magnitudes
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HCO from Photolysis of i-Pentanal and t-Pentan@isplayed
in Figure 2 is a cavity ring-down absorption spectrum of the

M t-pentanal photolysis product measured at a pump/probe laser
delay of 10us in the 613-616 nm range. Also shown in the
same figure is a previously reported absorption specfftih
of HCO in the same wavelength region. A comparison of these

‘ two spectra shows that they are alike within the limits of

resolution and indicates that HCO is a photodissociation product

(0,9,0) R bandhead at 613.8 nm, and the HCO concentration
was followed as a function of time. lllustrated in Figure 3 is a
w time profile of the HCO radical generated from the 295 nm
R photolysis of t-pentanal, along with a fit of subsequent HCO
decay by the following kinetic scheme:

s of t-pentanal. A similar product absorption spectrum was also
8 LRvaer Ll | Poonenl L J obtained from i-pentanal photolysis. The cavity ring-down
‘g L Q bronch spectrometer was tuned to the HCO2X"'(0,0,0) — A 2A’

o

<

i HCO+ HCO— H,CO+ CO (5)
HCO + t-C,Hy, — products (6)
L L L t-C,Hg + t-C,Hg — CgH5 (7a)

16280 16260 16240 ) )
—i-C,H,, +i-C,Hg (7b)

Wavenumber (cm")

Figure 2. The lower trace is a low resolution cavity ring-down  This modeling scheme assumes thayHg+ HCO is the only
igi‘?}igﬂgﬁ‘ :Fggg”:}“m"f;ﬂg ﬂg’;‘;ctrg’gf‘?gng ttirr‘fef’rg‘;t;'a’;s iﬁiri (:Ta?/ri;y important radical formation channel from photolysis around 300
laser absorption spectrum of the {0p—(09°0) vibronic transition of nm. This as_sumptlon IS supporteo_l by the approximate qmty HCO
HCO following the 266 nm photolysis of 0.1 Torr GEHO and 10 quantum yield from the photolysis of t-pentanal described later
Torr Ar (adapted from ref 20). in this section. Time-resolved HCO decay profiles from the
photodissociation of 3, 6, and 9 Torr t-pentanal were compared
of the i-pentanal cross-sections werd0% larger than those  with those calculated using the ACUCHEM simulation program.
of t-pentanal in the 288320 nm region, and the magnitude The following input parameters were used for the ACUCHEM
difference increased to about a factor of 2 at 325 and 330 nm. program: rate constants for HCOHCO, HCO+ t-C4Ho, and
The smaller absorption cross-sections for t-pentanal might be t-C4Hg + t-C4Hg reactions Kxco++co, KHco+t-Cator Ke-Catg+t-Catio)
explained in terms of increased aldehyd®e energy brought and HCO initial concentration ([HC@)] The rate constant for
about by the steric effect of the bulkgrt-butyl group. Cross- the recombination of t-gHg radicals ki.c,pg+t-cyn, Of 1.5 x 10711
section data for i-pentanal and t-pentanal (in units o cm cm® molecule® s™1, was taken from the literatuf8. Initial
molecule’, base e) obtained from this study are tabulated in estimates forkucotnco and kuco+tcH, Were used in the
Table 1. ACUCHEM program and the simulated HCO decay profile was
Time-Resolved Studies of Photolysis of i-Pentanal and  compared with that obtained from the experiments. The rate
t-Pentanal in the 280-330 nm Range.Temporal Profiles of constant&pco+nco andkncott-c,H, Were then adjusted to obtain

HCO Concentration (10'3 cm'3)

[l 1 1

0 100 200 300 400 500 600

t (us)

Figure 3. Time profile of the HCO radical decay from the photolysis of 6 Torr t-pentanal at 295 nm. Also shown is a fit of HCO decay using a
kinetic model involving HCO+ HCO, HCO+ t-C4Ho, and t-GHg + t-C4Ho reactions.
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an optimum fit of the experimental data. Extracted rate constants 1.2
were (6.7+ 1.5) x 107 and (4.3+ 1.1) x 107! cmd

molecule? s for kyco+rco andkucort.c e Fespectively, where

uncertainty (&) reflects experimental scatter only. Values of 1.0
Kucornco and kucott-ci, Were affected by uncertainties in

[HCO]Jp and the time resolution of the cavity ring-down

technique €12 us around 613 nm). The time resolution of the 08
cavity ring-down technique and the accuracy of [Hg@Ere
estimated to introduce a maximum uncertainty of 10% and 15% 06 L t-Pentanal

in both kncotnco and kucott-ce respectively. The overall
uncertainty in the fitted value OKucornco and KucottcHe
including both random and systematic errors wés%. The 0.4}
extractedkycotrnco and knycott-c,H, ate constants agree well
with the recommended rate constant for the HGOHCO

HCO Yield

reactio® (2.5 x 1071 < k < 10719 cm® molecule® s at 0.2 .

300 K) and the previously reported rate constafur HCO + i-Pentanal

t-C4Hg reaction ((4.74= 1.1) x 1071 cm?® molecule’? s71). A

similar procedure was used to extrdgicoric,, from time- 0.0 L L : L L L

dependent HCO profiles from the photolysis of i-pentanal. A 270 280 290 300 310 320 330 340

rate constant value of (62 1.5) x 101 cm® moleculel s1 Wavelength (nm)

was obtained fokyco+i-cHe Figure 4. Wavelength-dependent HCO yields from photolysis of
HCO Radical Yields from Photolysis of Pentarihe yield i-pentanal @) and t-pentanalX). Error bars aret 1o.

of HCO was derived from the ratio of the HCO concentration

produced in the photolysis/probe laser overlapping region to at 290 nm and averaged over a 0.5 nm interval. In this work,
the absorbed photon density in the same region. The overlappingPur Photolysis laser had a wavelength resolution of 0.15'cm
region could be viewed as a parallelepiped with width and height Thus, our cross-section data reflect fine structure in th@®
defined by those of the photolysis beam, and length defined by @bsorption spectrum. In the 36830 nm region, recommended
(beam width)x tan(15)~, where 18 is the angle between the H_zCO cross-sectioR were low resolut_lon data centered at
photolysis and the probe beams. Since the photolysis beam wadlifferent wavelengths than thos_,e used in _the current s_,tudy and
absorbed by t-pentanal through the entire sidearm through whichWere averaged over a 2.5 nm interval. Direct comparison was
it traveled, absorption by t-pentanal in the photolysis/probe laser N°t made here.

overlapping region was calculated from the difference in the =~ The HCO radical yield was determined from the photolysis
transmitted photolysis photon energy at the beginning and atof 0.5, 1, 2, 4, 6, 8, 10, and 12 Torr t-pentanal, and its
the end of the overlapping region. The photolysis photon energy dependence on t-pentanal pressure was examined. The HCO
into the cell was determined with a Joulemeter calibrated by "adical yield increased with t-pentanal pressure from 0.5 to 2

acetone photolysis actinomefits transmission loss at the front ~ 10/T- Since HCO yield was determined by monitoring the
window of the cell (-8%) was corrected for. Once the ground vibrational state of HCO at 16 after the photolysis

absorption cross-section of t-pentanal at a given photolysis pulse, we attribute this increas_e in HCO yield to vibrational
wavelength and the incident photon energy were known, the relaxation of HCO from the excited states to the ground state.

absorbed photon density in the region where the photolysis andlftt?he edxctlte(tj. H(?[O radlca:jls had no'idrela?[(f)d tobfhet g(rjOLtJndt ?rt]ate
probe beams overlapped could be calculated for a given initial at the getection ime used, we would not be able o detect these

t-pentanal pressure. The HCO concentration produced at a givenradlcals' Increasing t-pentanal pressure in the-d.3orr range

photolysis wavelength was acquired by measuring HCO absorp_speeds up vibrational relaxation of HCO. On the other hand,

. ) the extent of HCO+ HCO, HCO + t-C4Hg, and t-GHg +
tion at 613.8 nm at a photolysis to probe laser delay ofi40 § - D .
To convert HCO absorption into absolute concentrations, thet C4Hg reactions is different at 16s after photolyzing 2 versus

b i » fHCO at th be | | th12 Torr of t-pentanal. After correcting for this difference in the
absorption cross-section o atthe probe laser wavelenging,iant of radicatradical reactions using HC® HCO, HCO

was determined rela_tive to the photolysis rea_lctiQ_ﬁ:B+ hy + t-C4Ho, and t-GHs + t-C4Ho rate constants determined in
— HCO + H, for which the HCO quantum yield is knowf. ;¢ study, the HCO radical yield was found to be independent
H2CO was produced immediately prior to each calibration run ot ¢ nentanal pressure in the-22 Torr range at all photolysis

in & glass bulb. The purity of #£0 was estimated by comparing  \yayelengths studied. The photolysis laser fluence was repeatedly
the absorption cross-section determined in the present study withonitored during the course of the HCO yield measurements
literature value$>2?® The H,CO absorption cross-section was g that the drop in laser fluence with time was corrected. Also
obtained by measuring the transmitted photolysis photon energythe HCO vyield at a given t-pentanal pressure was measured
as a function of HCO pressure in the cell and by applying several times during the course of the experiments to ensure
Beer's law to the data obtained. Except for 290 nm, opC@ consistency of the results. Wavelength-dependent HCO radical
cross-sections agreed withi#t15% with those obtained by  yields thus obtained are plotted in Figure 4 and tabulated in
Moortgat et af>at4 < 300 nm. At 290 nm, an average of four  Table 2. Errors quoted {) are estimated based upon at least
cross-section measurements made over four samples and twawo experimental runs with approximately eight aldehyde
different running days yielded an averaggd® cross-section  pressures in each run. The absolute accuracy of HCO yield was
of (6.05+ 0.60) x 1072 cn?, which is about half of 1.30« affected by uncertainties in the determination of the following
10720 cn? reported by Moortgat et @ We attribute this parameters: KCO concentration and absorption cross-section
difference to the fine structure in the®O absorption spectrum.  (~10% at 286-295, 305, 315325 nm; 22% at 310 nm; 33%
Cross-section data reported by Moortgat etaliere centered at 300 nm; 35% at 330 nm), t-pentanal absorption cross-section
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TABLE 2: HCO Radical Yields of i-Pentanal and t-Pentanal from at least two experimental runs with about six aldehyde
as a Function of Wavelength pressures per run. Estimated uncertainties in the determination
@rco of the following parameters are as follows>E0O concentration
2 (nm) (n-pentanaf) (i-pentanal) (t-pentanal) and absorption cross-section{0% at 280, 285, 306310, 325
280 0.058+ 0.006 0.12£ 0.01 0.18+ 0.01 .nm; ~15% at 29Q, 295, 315 nrn%34°/c.> at 320, 330 nm),
85 0.095+ 0.009 017+ 0.02 0.33% 0.05 |-p§ntanal absorption cross-section5% in the 28(}330 nm
290 0.10+ 0.02 0.14+ 0.01 0.46+ 0.04 region), and pulse energy (5%). The overall uncertainty in HCO
295 0.144+0.01 0.22+0.02 0.57+ 0.09 yield measurements including both random and systematic errors
300 0.10+ 0.02 0.23+ 0.02 0.704+ 0.05 are~25% at 305, 310 nm+~30% at 286-290, 300 nm~35%
305 0.15+0.02 0.27+ 0.02 0.92+0.09 at 295 nm;~40% at 325 nm45% at 315 nm»~55% at 320
gig 8:%& 8:82 g:iﬁ 8:8; 8:;% 8:21 nm; ~60% at 330 nm. As can be seen f_rom Figurg 43 _HCO
320 0.14+ 0.02 0.26+ 0.03 0.70+ 0.08 yield from the photolysis of i-pentanal displayed significant
325 0.085+ 0.034 0.22+ 0.04 0.74+ 0.06 wavelength dependence and decreased at both the longer and
330 0.087+ 0.015 0.214-0.03 0.66+ 0.06 the shorter wavelength tails. The HCO radical yields exhibit a
aReference 5. maximum of 0.40+ 0.08 at 315 nm.

The variation of HCO yields with total pressure was examined
at 280, 295, 310, and 325 nm by keeping i-pentanal pressure
the same and changing nitrogen carrier gas pressure. Total
pressure was varied between 20 and 400 Torr at the wavelengths
studied. The HCO yield was found to be independent of total
pressure at 280, 295, and 310 nm. At 325 nm, HCO vyield
decreased by-25% when total pressure was increased from

(~5% in the 286-330 nm region), pulse energy (5%), and dye
laser width. To examine the effect of uncertainty in the
measurement of photolysis laser width on HCO yield, HCO
yield was computed using a photolysis beam width both of 0.15
and 0.20 cm. Since HCO yield from photodissociation of
t-pentanal was determined relative to that from photodissociation

of formaldehyde, HCO yield was found to be the same when 20 to 400 Torr. This observation is consistent with the notion

:gge?ﬁ;n:amgtr: ;\r’]%ss;’;';?:a;?grg iihtg o?/.:rgllcm.c;?:;:t?e Sthat increased mole<_:ular collisions, owing to inc_reased pressure,
in HCO yield measurements are25% at 280 nm~30% at ?oulsggh the HCO vyield near the threshold of i-pentanal pho
290, 305, 315325 nm;~35% at 285, 295 nm~40% at 310 o , )
nm; ~50% at 300 nmx~55% at 330 nm. As seen from Figure ~_Comparison of HCO Quantum Yields from n-, i-, and
4, HCO vyields exhibit dramatic dependence on photolysis t-Pentanal Phot.olysHﬂCO radical ylglds exh!blted significant
wavelength. The HCO yields were close to unity in the 305 wavelength_ variation from photolysis of n-, i-, and t-pentanal.
315 nm range and then decreased at both longer and shortefl '€ decay in HCO yields was observed both at the longer and
wavelengths. The near unity HCO vyield in the 3€B5 nm at sh_orter wavelengt_h tails for a_1|| three mole(_:ules. The
region suggests that formation of HC® t-CsHy was the magnltude_of th(_e maximum _HCO yield was very different for
dominant t-pentanal photodissociation pathway. The decreaseln® Photodissociation of n-, i-, and t-pentanal (0.20, 0.40, and
in HCO vyields at shorter photolysis wavelength can possibly 0-92 at 315 nm, respectively). An HCO yield of close to unity
be attributed to the opening up of a molecular elimination Was obtained from the photolysis of t-pentanal in the-3855
channel (i-GH1o + CO) at higher photon energies. The reduced "M range. Since th¢=T Norrish Il type process is unaval_lable from
HCO vyield at the longer wavelength tail was probably a tPentanal photolysis, the formation of HC® t-C4Hs is the
consequence of photodissociation at near-threshold wavelengthsPrédominant photofragmentation pathway around 310 nm. Our
The effect of total pressure on HCO radical yields was Prévious stud§/_on the photonS|s of n-pentanal |nd|cates_ that
measured at 280, 295, 310, and 325 nm by maintaining constantn€ quantum yield of the Norrish Il procesgdq,cro ~ 0.9) is
t-pentanal pressure (2 Torr) and varying nitrogen carrier gas much larger than the yield of the radical form_anon channel
pressure. The HCO radical yields were found to be independent(¢Hco = 0.14+ 0.02) at 310 nm. Thus, the Norrish Il process
of total pressure when total pressure was varied between 20aPPears to take place at the expense of the radical formation
and 400 Torr at the photolysis wavelengths studied. channel in the case of nfpentanal photolysis. The HCO yields
HCO Radical Yields from Photolysis of i-Pentanalsimilar from the photolysis of i-pentanal were smaller than those
procedure as described above was used to determine Hccpbtained from t-pentanal p_hotoly5|s but were larger by ajactor
radical yields from photolysis of 2, 4, 6, 8, 10, and 12 Torr of of 1._4—2.6 than thosg obtained from n-penFanaI photolysis. The
i-pentanal. Because of the smaller HCO radical yields, and thusNortish I process is less favored for i-pentanal than for
the smaller HCO signal size at lower i-pentanal pressures, n-pentanal. because the transition state involves breaking a
photodissociation was not conducted at an i-pentanal pressureStronger primary €H bond rather than a secondary-8 bond.
less than 2 Torr. The dependence of HCO vyield on i-pentanal As aresult, HCO radlcr?ll yields from i-pentanal photol)_/5|s were
pressure was studied. After correcting for the difference in the larger than those obtained from n-pentanal photolysis.
extent of HCO+ HCO, HCO+ i-C4Hg, i-C4Hg + i-C4Hg radical End Product Studies.i-Pentanal and t-pentanal were pho-
reactions at 1(xs after photolyzing 2, 4, 6, 8, 10, and 12 Torr tolyzed in a closed cell at 290, 310, and 330 nm in the presence
i-pentanal, the HCO radical yield in the 28825 nm range of nitrogen. The DNPH-derivatized aldehyde products were
was found to be independent of i-pentanal pressure within measured by HPLC. i-Pentanal, t-pentanal, and nitrogen pres-
experimental error limits. At 330 nm, HCO yields decreased sures of 10, 10, and 160 Torr, respectively, were used in the
with increasing i-pentanal pressure. Since 330 nm is close toexperiments. For t-pentanal photolysis, the only aldehyde
the threshold wavelength (calculated threshel®40 nm) for product observed was formaldehyde which is possibly formed
photodissociation of i-pentanal, increasing i-pentanal pressurefrom the HCO+ HCO recombination reaction (reaction 5). The
apparently quenched the excited-state i-pentanal to below itslack of acetaldehyde product from t-pentanal photodissociation
dissociation threshold. Variation of HCO yield with wavelength is consistent with the near unity HCO radical yield in the 305
thus obtained was plotted in Figure 4 and listed in Table 2. 315 nm region and the unavailability of the Norrish Il channel.
Errors quoted (&) reflect experimental scatter and were derived Acetaldehyde was detected by HPLC after photolysis of an



Wavelength-Dependent Photolysis of i- and t-Pentanal J. Phys. Chem. A, Vol. 103, No. 36, 1998253

TABLE 3: Photolysis Rate Constants Leading to the January 1 and 2.5 107°s ! for July 1. The calculated radical
Formation of the HCO Radical formation rate constants from i-pentanal and t-pentanal pho-
Krad tolysis are 4.3 and 7.4 times those obtained from acetaldehyde
(n-pentanaf) (i-pentanal) (t-pentanah photolysis f_or the January 1 condition, and 3_.3 and 6.0 times
those obtained from acetaldehyde photolysis for the July 1
January 1 1.% 10 2.6x 10 45x 10° condition.
July 1 3.8x 10°° 8.3x 10° 1.5x 10+
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i-pentanal/N mixture. This suggests the occurrence of the
Norrish 1l photodissociation channel

(CH,),CHCH,CHO + hv — CH,CH=CH, + CH,CHO (8)
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