Comparison of GEOS-Chem
Photolysis Rates



D1-CH20

" - - n -

The recommended quantum yields are listed in Table 4D-4 and are based on a polynomial fit over the
wavelength range 250 — 338 nm of the data for ®,(H + HCO) from Lewis et al. [104), Marling [119],
) ) a Horowitz and Calvert [84], Clark et al. [47], Tang et al. [188], Moortgat et al. [139], Smith et al. [179], Pope
Dl. CHO+hv —H+HCO 363 kI mol | 330 nm (1) etal. [159, 160], and Gorrotxategi Carbajo et al. [74].
— Hy+ CO 331 kJ mol 361 nm (2] " N
- . . O (H+HCO)=a, +ad+a, i +a i +a,d
S H+H+CO 423 Kmel' 283 nm (3 il )=a,+a,d+a,k +a, @
where a, = 55795835182
a; = = 7.31994058026
a:= 003553521598
a;= - 7.54849718 x 107
a,= 591001021 x 10"
©o(H; + CO) was optimized using the guantum data for CO from Moortgat et al. [139] and the relation @:(H;
+C0) =y, — @, (H + HCO). The pressure and temperature dependence of @y(H, + CO) is based on the
algorithm cited in Calvert et al. [33] and is limited to wavelengths > 330 nm. The pressure dependence of
@:(H; + CO) is represented in Stern-Volmer form
1

®,(H, + CO) = 1

Applies to: CH20 i aaT)<P

[1_‘1)1[’1))

where (1. T) is the quenching coefficient whose values at 300 K can be estimated directly from @, and @,

5 = L 1 |
alA300K)= [‘131“3001(}- [l—dil[ﬂ]]]

where the quantum yields at standard pressure (1 atmosphere) and 300 K are given in Table 4D-4.
At temperatures between 220 and 300 K the quenching coefficient a2, T) can be calculated using

4D-3

a(4,T) = al2,300 K)x{l +0.05x(2 _329),([{30;]-T)}}

The formulae given above for the pressure and temperature dependence of the quantum yields are
recommended.
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Presentation Notes
Discrepancy with FAST-J, below 310nm
FAST-JX cross sections agree with JPL10 recs


Channel 2 (H2+CO)
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D2 - ALD2

D2. CH;CHO+hv —s CH;+ HCO 357 kJ mol” 335 nm (1)
— CH: + CO 19 kJ mol”! All (2)
— CH:CO + H 374 kJ mol”’ 320 nm (3)

(Recommendation: 06-2, MNote: 10-6, Evaluated: 10-4)

Phatolysis Quartum Yield and Product Studies: The photodissociation quantum yield of CH:CHO and the
product quantum yields are wavelength and pressure dependent. (uantum yield measurements have been
reported by Calvert and Pitts [36] and Weaver et al. [203] at isolated wavelengths between 290 and 332 nm.
Quantum yields of CO, CH, and CO, were determined in the photolysis of trace concentrations of CH,CHO
in air and N in the spectral range 250 — 330 nm at 1 atmospheric pressure by Meyrahn et al. [133], which
allowed the determination of (I, + @), @, and ;. The product guantum yield pressure dependence was
also investigated by Meyrahn [132] at 270, 303.4 and 313 nm. Horowitz et al. [86] and Horowitz and Calvert
[85] measured the quantum yields of CO, CH, and H: formation at 290, 300, 313, 320 and 332 nm in the
presence of various pressures of (O, and CO, from which @, and @ were derived. There is evidence from the
studies of Meyrahn et al. [132, 133] and Horowitz et al. [86] that some CO; is formed from secondary
reactions of the CH;CO radical that is preduced in channel (3). The quantum yield for channel 3 was
estimated to be 0,025 at 300 nm and to decrease to zero at 320 nm. Both Meyrahn et al. [132, 133] and
Horowitz et al. [B5, 86] observed a pressure dependence of the product yields, from which Stern-Volmer
quenching coefficients were derived. These data were summarized by Calvert et al. [33].

The guantum yield recommendation given in Table 4D-6 for room temperature and atmospheric pressure are
based on the evaluation by Atkinsen and Lloyd [11] and the measurements by Horowitz and Calvert [85],
Meyrahn et al. |133] and Meyrahn [132].

Applies to: ALD2
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Presentation Notes
Good agreement between models
Good agreement with measurements at surface. Bad as pressure decreases. Quantum yields in model have no pressure dependence (use values at 1000hpa). JPL10 notes pressure dependence observed – These are possibly implemented in some form for the rates calculated with the observed actinic fluxes



D3 - RCHO

D3 CH.CHO+hy  — CH,+ HCO 351 kJ mol” 341 nm (1)
— C;H, + CO - kJ mol All (2)
—» C3H: + HCHO 120 kI mol” 926 am (3)
—» CH, + CH,CHO 343 kJ mol” 349 nm (4)

Photolysis Quantum Yield and Product Sadies: Quantum vield measurements have been performed by
Heicklen et al. [80] and Chen and Zhu [43]. Heicklen et al. [80] measured the guantum yield of HO; and
C:H+0: radieals (in air bath gas) using laser photolysis at 294, 302, 312 and 325 nm combined with UV
absorption to determine @, Quanmm yields of CO and C,H, were obtained in steady-state photolysis (at
254, 312 and 334 nm) experiments in O where dy, = d{C0) - ©{C-Hs) and @, = O(CHs), A Stern-Volmer
pressure dependence of the quantum yields was observed at all wavelengths, ie., lower quantum vields at
higher pressures. At atmospheric pressure, values of @, = 0.22, 0.89, 0.85, 0.50, 0.26 and 0.15 were derived
at 254, 294, 302, 313, 325 and 334 nm, respectively. Heicklen et al. [%0] reported @, = 0.33 for 254 nm
photolysis and @ = 0 at longer wavelengths. The contribution of other primary processes (@ and dby) was
found to increase at wavelengths <265 nm from earlier studies as cited in Calvert and Pitts [36].

Chen and Zhu [43] measured the guantum yield of HCO radicals (dv ) over the wavelength range 280 - 330
nm using time-resolved cavity ring-down spectroscopy with detection of HCO at 6138 nm.  The reported
HCO yields are 0,85 T 0.06 at 280 nm, 1.01 £ 0,07 at 285 nm, 00935 T 0.06 at 290 nm, 0.98 = 0.06 at 295 nm,
(.92 £ 0006 at 300 nm, 0.95 £ 008 at 305 oy, 0.98 £ 0011 at 310 nm, 0091 £ 0.05 at 315 nm, 108 = 0.07 at
320 nm, 1.07 +0.14 at 325 nm, and 084 + 0.08 at 330 nm. These values are quoted for ZETO-pressure but no
pressure dependence to the HCO quantum vield at any wavelength was observed for pressures over the range
10— 400 Torr M.

The guantum yield studies by Heicklen et al. [80] and Chen and Zhu [43] are only in agreement in the narrow
wavelength range 200 — 305 am. At A >305 nm, the data of Chen and Zhu do not show the decrease of O
reported by Heicklen et al [80]. Because of the discrepancies between these data sets no quantum vield
recommendation is given.

Applies to: RCHO
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Presentation Notes
I computed the cross section assuming 100% QY. There is good agreement with the other datasets. Note that the QY currently has no recommendation. This implementation aligns with Chen and Zhu


D9 - MP

DY, CH;00H + hv = CH;0 + OH 185 kJ mol” 645 nm (1)
—» CH,+ HO, 292 kJ mol” 410 nm (2)
—» CH,O,+H 358 kJ mol” 334 nm (3)
—» CH,0H + O'P) 179 kJ mol™ 670 nm (4)

Photolysis Quantum Yields and Product Studies: CH;00H dissociates upon light absorption to give CH;0
with unit quantum yield, @, = 1.00 + 0.18 {Vaghjiani and Ravishankara [194]). These authors also observed
some production of H (quantum yield of 0.03% + 0.007) and O atoms (quantum vield < 0.007) at shorter

wavelengths (L.e., 193 nm).

Thelen et al. [190] report unit quantum yields for OH production at 248 and 193 nm that are in agreement
with the results of Vaghjiani and Ravishankara [193]. Quantum yields for OH and CHJ0 were also measured
by Blitz et al. [22] in the wavelength range 223 — 355 nm. These authors have shown that the quantum yield

for both OH ands CH,0 production is unity across this range of wavelengths.

Applies to: MP, ETP, RA3P, RB3P, R4P, RP, MAP, INPN, PRPN, PP, RIP, IAP, ISNP, VRP,
MRP,MAOP, ATOOH


Presenter
Presentation Notes
Methylperoxide applies to a wide range of species. I could not find cross sections for other ROOH compounds to judge whether this assumption is ok.
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D12 —-R4N2

D12, CH:ONO: + hv — CH:O + NO: 172 kJ mol ™ 697 nm (1)
— HCHO + HONO All (2)
— HCHO +NO + OH 240 kJ mol” 497 nm (3)
— CH;ONO + O{'P) 306 kJ mol ™ 391 nm (4)
—» CH, + NO, 348 kJ mol” 344 nm (5)
— CH.ONO; + H 407 kJ mol” 294 nm (6)
— CH:0 + NO + O(°F) 479 kJ mol” 250 nm (7
- CH,ONO +O{'D) 496 kJ mol” 241 nm (%)

Absorption Cross Sections: The UV absorption spectrum of methylnitrate (CH,ONO, ) displays a strong
continuous band in the region (190 - 250 nm) and a weaker band in the range (250 — 345 nin). The spectrum
was measured at room temperature by McMillan [3%] (201 — 323 nm), Maria et al. [114] (235 - 305 nmy),
Taylor etal. [189] {190 — 330 nm), Roberts and Fajer [165] (270 - 330 nm), Likeda and Zabel [106] (235
345 nm) and over a range of temperatures by Rattigan et al. [164] (220 - 335 nm) over the range 233 - 294 K
and Talukdar et al. [186] (236 — 334 nm) over the range 240 - 360 K. Good agreement exists at wavelengths
<240 nim between the absorption cross sections measured by Taylor et al. [189] and Rattigan et al. [164]. In
the wavelength range 240 - 340 nm there is good agreement between the measurements of Roberts and Fajer
[165], Libuda and Zabel [106], Rattigan et al. [164] and Talukdar et al. [186]. The values of Taylor et al.
[189] are consistently larger at &> 270 nm. Between 235 and 280 nm the absorption cross sections measured
by Talukdar et al. [186] are nearly independent of temperature but for 2 =290 nm the cross sections decrease
with decreasing temperature. At 330 nm the cross sections decrease by almost a factor of two between 298
and 240 K. Talukdar et al. [186] parameterized the absorption cross section temperature dependence using
the expression

40-18

afi, T) = o4, 298 K) x exp [B(A) (T - 298)] Photolysis Quantum Yields and Product Studies: The photedissociation guantum yield for CH,ONO, to

produce NO; and CH,0 was measured by Talukdar et al. [186] to be @ = 0.91 = 0.20 at 248 nm. Upper
limits for the other channels were determined experimentally to be @; < 0.05, ©; < 0.005, Py < 0.1 and D; <
0.015 £ 0.01. It is expected that the guantum yield &, is unity at wavelengths >248 nm. Oxygen atoms were
measured with quantum yield of 0,65 = 0,15 at 193 nm and <0.01 at 24¥ and 308 nm. Yang et al. [209]

Ap p I ies to: R4N 2 studied the photodissociation of jet-cooled CH;ONO; at 193 and 248 nm and found channel (1) to be the
principal photolysis product channel with relative yields of 0.7 and 1 at 193 and 248 nm, respectively. They
also reported an Of'D) yield of 0.3 at 193 nm.


Presenter
Presentation Notes
Using methylnitrate as a proxy
Fast-J - Cross section linearly interpolated between 240-298K
Near unity overall quantum yields
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Presentation Notes
Cross sections are temperature dependent (exponential behavior). FAST-J uses a linear parameterisation.This seems to work over a typical range of atmospheric temperatures. 


D13 - MPN

D13, CHONO, +hy = CHO, + NO,y 86 kJ mol”" 1391 nm (1)
—» CH,0 + NO, 135 kJ mol” 86 nm (2)

(Recommendation: 10-6, Note: 10-6, Evaluated: 10-6)

Absorption Cross Sections: The UV absorption spectrum of CH,(,NO, (methylperoxynitrate) has been
measured by Cox and Tyndall [51] (200 — 310 nm) at 275 K, Morel et al. [143] {200 - 290 nm) at 296 K,
Sander and Watson [170] (240 — 280 nm) at 298 K, and Bridier et al. [28] (200 — 280 nm) at 298 K. The
spectrum has a strong absorption band below 225 nm and a moderate band at longer wavelengths. The
reported cross sections are in reasonable agreement in the range 230 — 250 nm but scatter in the cross section
data exists at both shorter and longer wavelengths. The recommended cross sections listed in Table 4D-16
are a smoothed average of the data from the four studies.

4D-19

Photolysis Ouantum Yields and Product Studies: Mo studies are available.

Applies to: MPN


Presenter
Presentation Notes
Currently model assumes QY1=0.05, QY2=0.95
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Presentation Notes
Note – IUPAC rec cross section used as JPL-10 does not extend beyond 290nm. Cross sections agree. 


Applies to: PAN

D14 - PAN

D14, CH,C(O)LNO:+hvy = CH,ClO)0, + NO, 119 kJ mol” 1004 nm (1

- CH;C(OH0 + Ny 124 kImol' 963 (2)
(Recommendation: 06-2, Note 10-6, Evaluated 10-6)

Absorption Cross Sections. The absorption cross sections of CH;C(O)0;NO; (peroxyacetyl nitrate, PAN)
have been measured at reom temperature by Stephens [183] (220 - 450 nm), Senum et al. [173] (200 - 300
nm), Basco and Parmar [15] (210 — 250 nm), and Libuda and Zabel [106] (219 ~ 325 nm) and at 250, 273,
and 298 K by Talukdar et al. [187] (196 - 350 nm). The studies are in reasonable agreement. The data of
Talukdar et al. [187] and Libuda and Zabel [106] agree within 10% at wavelengths <300 nm. The data of
Stephens [183] and Basco and Parmar [15] are greater by up to 20 and 45%, respectively. The Senum et al.
[173] cross sections are systematically less than the data of Talukdar et al. [187]. Libuda and Zabel [106]
carried out simultaneows UV and IR studies that showed that their measured cross sections needed to be
corrected for impurities that are transparent in the UV but contribute to the sample pressure in the absorption
cell. The comections were on the order of 20%. The recommended absorption cross sections listed in Table
4D-17 are taken from Talukdar et al. [187] which are in good agreement with those of Libuda and Zabel
[106] but include a wider spectral coverage and temperature range. The uncertainties in the cross sections are
estimated to be of the order of a factor of 2 in the long wavelength region but smaller at shorter wavelengths,
decreasing o about 10% at 220 nm.

A systematic decrease of the absorption cross sections with decreasing temperature was cbserved by Talukdar
etal [187). The temperature dependence was parameterized using the expression

In a(k, T) = ln o(%, 208 K) + B(A)(T - 298)
The temperature coefficients B(2.) are listed in Table 4D-17.

Photolysis Quanum Yields and Product Studies. Quantum yields for the production of NOy and NO; in the
photolvsis at 248 nm were reported by Mazely et al. [122, 123]: @{NO-, 248 nm) = 0.83 + 0.09 and DNO,,
248 nm) = 0.3 + 0.1, The NO; quantum yield was obtained relative to the unity NO; quantum yield in the
photolysis of N;0s at 248 nm. However, this latter quantum yield was re-measured to be 0.8 = 0.1 by
Harwood et al. [77], so that the ®{NO:, 248 nm) should be rescaled to 0.24. Quantum vields for the
production of NOy in the photolysis of CH;C{O)0,NO, at 248 and 308 nm were also measured by Harwood
etal [TR]: d{NO:, 248 nm) = 0.19 = 0.04 and D(NOy, 308 nm) = 0.41 £0.10. Flowers et al. [64] snudied the
photolysis of PAN at 289 nm and detected NO; using cavity ring-down spectroscopy. They obtained ©{NO;,
289 am) = 0.31 + 0.08 relative to the unity NO, quantum yield in the photolysis of N0, Ina second study,
Flowers et al. [65] measured the wavelength dependence of @{NOy): at 294 nm (0.29 = 0.07), 299 nm (0.28
= 0.07), 308 nm (028 £ 0.05), and 312 nm (0.39 = 0.07). These results indicate that between 289 and 308 nm
the NO; quarntum yield is nearly constant with ®{NO;) = 0.29 = 0.07. An increase of ®{NO;) at longer
wavelengths cannot be ruled out. The recommend quantum yields are ®(NO,) = 0.7 and @(NO;) = 0.3 for L
=300 nm.


Presenter
Presentation Notes
NB – Model assumes 100% QY through channel 1
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Both FAST-J and FAST-JX linearly interpolate between two temperatures. This parameterisation seems fine compared to JPL10 recs


Applies to: MACR

D17 - MACR

DI7. CH-=C{CH:)CHO +hv —» CH:=CCH: + CHO n
— CH, + €O 2)
—+ H+ CH,=C{CH,)CO (3)

(Recommendation: 06-2, Note: 10-6, Evaluated: 10-6)

Absarption Cross Sections: The VUV/UV absorption spectrum of methacrolein {2-methylpropenal, MACR),
CH,=C{CH:)CHO, has been measured using diode array spectroscopy at room temperature by Meller (237
391 mm) (see Rith et al. [169]), Raber and Moortgat [161] (331 nm), Gierczak etal. [T1] (214, 250 - 395
nm), and Lee et al. [103]. The spectrum exhibits a broad absorption band between 250 and 390 mm with
vibrational structure above 310 nm. A detailed vibrational-electronic analysis was reported by Birge et al.
[20]. The reported spectra are in very good agreement in the region 261-351 nm where the agreement is
between -1 and 10%. At shorter wavelengths, <260 nm, the differences increase to nearly 100% at 250 nm
and the cross sections from Gierczak et al. [71] are consistently greater than those of Meller [169] and Raber
and Moortgat [161]. The cross sections at the peaks in the structured region reported by Meller [169] and
Raber and Moortgat [161] are consistently higher than those measured by Gierczak et al. [71] presumably due
to the higher resolution used. At the band maximum, Raber and Moortgat [161] reported «({330.7 nm) = 7.64
= 107 em’ molecule”’ and Gierczak et al. [71] reported (331 nm) = 7.2 = 107" cm” molecule'. Gierczak et
al. [71] also reported (21386 am) = (2.21 = 0.11) = 10" cm” molecule' (Zn lamp source). The 1 nm
averapes of the results from Gierczak et al. [T1] and Meller [169] are generally (with a few exceptions) within
20% of each other for wavelengths up to 376 nm. Above 380 nm, the results of Gierczak et al. [71] are larger
with increasing wavelength by up to nearly 80% than the results of Meller [169]. A wavelength shift of -1
nm toward longer wavelengths can be observed above 340 nm in the absorption spectrum of Gierczak et al.
[71] when compared to the spectrum reported by Meller [169]. The recommended absorption cross sections
listed in Table 4D3-20 are from Gierczak et al. [T1].

Photolysis Quantum Yield and Product Studies: The photodissociation guantum yield for CH=C(CH:)CHO

at atmospherically relevant wavelengths is low. Quantum yields of CH,=C{CH)CHO were measured by

Raber and Moortgat [161] using broad band photolysis in the wavelength range 275-380 nim, and

determination of the stable products {(COQ, COy, HCHO, C;H,, C3Hy, C:Hy) by FTIR spectroscopy. An upper

limit of .05 was reported at 760 Torr. Gierczak etal. [71] used GC and GC-MS detection of photolysis end-
4D.23

preducts to determined CH:=C(CH:)CHO quantum yields at 308 nm of 0.008 £ 0.001 and 0.005 £ 0.001 at
25 and 650 Torr total pressure, respectively. At 351 nm they reported guanturm yields of 0,005 + 0.002 and
0.003 + 0.001 at 25 and 650 Torr, respectively. A value of @ < 0.01 is recommended for wavelengths =308
nm.
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Recommendation qy<0.01 for lambda > 308nm

Fast-J uses 0.008 (observed @ 68 Torr, 351 nm)
Fast-JX uses 0.003 (observed @ 760 Torr, 351nm)



Applies to: MVK

D18 - MVK

DI8. CHsC{O)CH=CH: + hv — CHs-CH=CH; + CO (1)
—» CH=CH, + CH,C(0) 2)
—» CH=CH,C{0) + CH; 3)

(Recommendation: 06-2, Note: 10-6, Evaluated: 10-6)

Absorption Cross Sections: The UV absorption spectrum of methyl vinyl ketone (MVK), CH;C(Q)CH=CH,,
has been measured at room temperature by Schneider and Moortgat (240 — 398 nm) (see Réth et al. [169]),
Raber and Moortgat [161] (235 — 400 nm), Fahr et al. [59] (160 - 260 nm), and Gierzcak et al. [71] (216.86
nm and 250 — 395 nm). The absorption band peaking at ~330 nm displays some weak vibrational band
structure, which is superimposed on a continuum envelope. A detailed vibrational-electronic analysis was
reported by Birge et al. [20]. The cross sections from Schneider and Moortgat are somewhat smaller around

4D-25

the band maximum at 334 nm (agreement within ~10% between 290 and 365 nm), and larger by up to 50%
and smaller by up to ~60% in the short- and long-wavelength tails, respectively, than the results of Gierczak
etal. [71]. Gierczak etal. [T1] reported a{213.86 nm) = (6.6 = 0.04) » 1077 em” molecule” (Zn lamp source).
They also measured the spectrum at reduced temperatures (range 250 — 298 K), and observed a small increase
in the peak cross section of <2% at 250 K. Fahr et al. [59] reported 6{193 nm) = (3.2 2 0.2) » 10" em’
molecule'. The recommended absorption cross sections in Table 4D-21 are taken from Gierzcak et al. [71].

Photolysis Quantum Yield and Product Studies: Product quantum yields were measured by Raber and
Moortgat [161] using broadband photolysis in the range 275 — 380 nm combined with FTIR monitoring of the
stable photolysis products (major CO, CsH,, and HCHO; minor CO,, HCOOH, CH;0H, CH.COOH). They
report a pressure dependent guantum yield with @ = 0.05 at 760 Torr and @ = 0.12 at 54 Torr. Fahr et al.
[59] used laser photolysis at 193.3 nm and measured the direct formation of CH; radicals at 216.4 nm and
final products. They report a quantum yield close to unity for the formation of CHs and CH=CH; radicals.
Gierczak et al. [71] measured quantum yields for photolysis at 308, 337 and 351 nm by monitoring the
disappearance of MVK. They reported @ = 0.16 at 25 Torr and & = 0.04 at 760 Torr at 308 nm, @ = 0.04 at
25 Torr and @ = 0,01 at 760 Torr at 337 nm; and @ = 0.01 independent of pressure at 351 nm. The quartum
yield data were fit to the empirical Stem-Volmer type expression

D) = exp[-0.055 (A - 308)] /(5.5 +9.2 = 107" [M])

where 7 is in nm and [M] in molecule cm”. This parameterization is recommended.
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Presentation Notes
Note the pressure dependence parameterisation
Model branch ratios 
Rxn 1: 0.6 
Rxn 2: 0.2
Rxn 3: 0.2
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Presentation Notes
FAST-J photolysis rates agree for wavelengths >310nm. FAST-J is biased low < 310nm. 
The FAST-JX rates linearly interpolate over pressure. The plots above have the temperature fixed at 298K. The differences in JPL-10 and FAST-JX are likely a result of different choices in T. 0hpa disagreement with JPL10 is from the extrapolation to this value. 


Applies to: GLYC

D19 - GLYC

DI19. HOCH.CHO + kv — CH.OH + HCO WS kimol' 347 nm 1
—» CH,OH + CO 6 kJ mol” 1910 nm 2)
—» OH + CH:CHO W65 kimol' 328 nm (3
—» HOCH,CO + H 38 Kmol' 314 nm )

{Recommendation: 10-6, Note: 10-6, Evaluated: 10-6)

Absorption Cross Sections: The absorption cross sections of HOCH.CHO (glyvcolaldehyde,
hydroxyacetaldehyde) have been measured at room temperature by Bacher et al. [13] (205 - 335 nm),
Magneron et al. [112] (210 ~ 330 nm), and Karunanandan et al. [94] (210 ~ 335 nm). The spectrum consists
of a strong absorption below 220 nm and a weaker absorption band centered near 280 nm with evidence of

4D-27

vibrational progressions. The measurements performed by Magneron et al. [112] were done at two different
laboratories and are nearly identical but reveal significant differences compared to the spectrum measured by
Bacher et al. [13], being about 20% at the maximum. The spectrum measured by Karunanandan et al. [94] is
in excellent agreement with Magneron et al. [112] at the maximum near 282 nm and at longer wavelengths.
At shorter wavelengths the cross sections are consistently larger than those measured by Magneron et al.
[112]: 15 % at 250 nm, 40% at 230 nm and 85% at the minimum near 226 nm. At 184.9 nm the cross section
was measured as (3.85 +0.2) x 107" cm’ molecule”. The average of the cross sections of Magneron et al.
[112] and Karunanandan et al. [94] are recommended and listed in Table 4[2-22.

Photolysis Quantum Yields and Product Studies: The broad band photolysis (285 £ 25 nm) of glycolaldehyde
in air performed by Bacher et al. [13] revealed an overall quantum yield @ > 0.3, relative to the quanium
vield (0 = 0.3} of removal of acetone. Product studies by FTIR suggests that channel (1) is the major
photolysis channel (65-80%), while channel (2) accounts to 15-20%, and channel (3) contributes up to 15%.
The formation of channel (4) was suggested to produce HOCH.CO as a source for OH radicals, whose
presence was indirectly invoked due the formation of glyoxal. Mapgneron et al. [112] also photolysed
glycolaldehyde (broadband lamps 275 — 380 nm) and measured products by FTIR (CQ, CO;, HCHO and
CH;OH). They observed direct evidence for OH production via channel (3) using OH scavenger and OH
tracer species and performed additional photolysis experiments where glycolaldehyde was used an OH source
to measure rate constants for OH with a series of dienes. The contribution of channel (2) was estimated to be
10% and that of channels (1) + (2) to be 30%. No evidence was found for channel (4). Karunanandan et al.
[94] measured a guantum yield of OH formaticn at 248 nm of @, = (7.0 £ 1.5) x 107, On the basis of the
combined product studies the following quantum yields are recommended: @ = 083, @, = 0.10 and @4 =
0.07 in the range 248 — 328 nm.
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Presentation Notes
Recommendation of total quantum yield = 1.0
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The seac4rs code appears to significantly underestimate glycolaldehyde photolysis rates


D20 - ACET

D20. CH,C{O)CH,+ hv — CH:C(0)+ CH; 354 kJ mal': 33E nm (1)
— 2 CH;+ C0O 400 kI mol” 299 nm (2}

The quantum yield data of Blitz et al. [24, 25] are recommended. The optimized parameterization of the
quantum yields for the wavelength range 279 — 327.5 nim, temperature range 218 — 295 K and pressure range
0~ 1000 mbar is as follows:

Drorar {.‘F_. [M ]1 T} - ‘:D{'“.lq'n {.‘L [M] T) + mr_'n[.-'.. Ty all &

For i =279.327.5 nm
mr_'n[.-f.. T)y=1/7{l+ ."\n}
where Ay = [a,/(1 - a)] explb, {4 - 24¥}]

Cross Section (2" egn) 2 = (0.3500.003) (T/295) (1 2+0%)

by = (0068 +0.002) (T/295) 5020

o

oth, T) = ald, 298 K)[1 + ¢ (AT + col A)T7] For i = 279.302 nm

Doy (e [MLTY = {1 - gk, TH) £ {1+ A [M]}
where A, = a, exp[-b, {(107/) - 33113}

The recommended absorption cross secticns at 298 K in Table 4D-23 are taken from Gierczak et al. [70] and a) = (1600 £ 0.032) = 10 (T/295) {2384 008)
the temperature coefficients A, B, and C derived by Burkholder [31]. h ) )

that was later superseded by Burkholder [31] using the expression
alh, T) = oik, 298 KJ[1 + AT + By(A) T + CITY]

by = (0.55 £ 0.02) = 107 (T/295) =03
For & = 302-327.5 nm,
Dropacn (b [ML Th= {1+ Ay M)+ Ag)/[(1 + Ag[M] + Aq) (1 + Ax [M])]} {1 - @l TH
where  A; = a;exp[-b; {(1076) - 304881
a: = (1.62 £ 0.08) = 1077 (Tr205) HHee
ba = (1.79 £0.02) x 107 (T/295) " =45
Ay = ayexp[-b; {(107/3) - &5}’
as = (26.29 £ (.88) (T/205) =0
by = (5.72 £ 0.20) = 107 (T/295) ==
cy = (30006 = 41) (T/205) 0 =00
Ag = agexp[-be J(1070) - 304881
ay = (1.67 £0.14) = 1077 (T/295) #2404

Applies to: ACET by = (2.08 £0.02) 107 (T/295) #5019

where [M)] is in molecule cr”, & innm and T in K. The equations given above have been used to caleulate
the quantum yields given in Table 4D-24.
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The new seac4rs code uses the same linear interpolation of pressure as FAST-JX. FAST-JX is different because I have not included the minor photolysis channel, but they agree otherwise. The JPL10 recommendations include the cross section temperature dependence and quantum yield dependence on temperature and pressure. 


D21,

Applies to: HAC

D21 - HAC

CH;C{O)CH,OH + hv - —» CHLC(0) + CH.OH 76k mol’ 318 nam )
—» HOCH,C(0) + CH; 76k mol’ 318 am 2)
—» HOCH;+ CO + CH: 335k mol’ 357 am (3)
—» HO + CH.C{O)CH, 335k mol” 357om (4)

(Recommendation: 10-6, Note: 10-6, Evaluated: 10-&)

Absorption Cross Sections: The absorption cross sections of CH,C{O)CH.OH (hydroxyacetone, acetol) have
been measured by Meller and Crowley [127] at 296 K in the range 207 - 333 nm; by Orlando et al. [152] at
298 K over the range 235 - 340 nm; and by Butkovskaya et al. [32] at 294 K over the range 240 - 350 nm
using a static method, and at 328 K over the range 250 — 350 nm using a dynamic methed. Dillon et al. [55]
measured the cross section at 1549 nm and 358 K to be (5.4 = 0.1) x 107" cm” molecule” whereas
Baasandorj et al. [12] reported a value of (5.43 = 0.08) x 107" em’ molecule” at 298 K. The spectrum shows
an absorption band with the maximum near 266 nm. The shape of the measured spectra are in excellent
agreement except for the spectrum cbtained by Butkovskaya et al. [32] using the dynamic method. The
maxima cross sections reported by Butkovskaya et al. [32] are 15% and 24% lower for the static and dynamic
methods, respectively, than the values obtained by Orlando et al. [152]; the maximum reported by Meller and
Crowley [127] is 11% lower than that of Orlando et al. [152]. Large discrepancies between the measured
spectra existat i = 3 10 nm.

e Table 412-25 are listed the averages over | nm intervals of the cross sections of Orlando et al. [152] and
Butkovskaya et al. [32] (static) in the wavelength range 240 ~ 310 nm; at 311 ~ 336 nm, only those of
Orlando et al. [152].

Photolysis Quantum Yield and Product Studies: Quantum yields for removal of hydroxyacetone were
estimated by Orlando et al. [152] to be (.65 = (.25 for the photolysis in the 240 — 420 nm band. They also
suggested that 0.3 £ 0.2 <@, + @, < 0.6 for wavelengths larger than 290 nm. Products detected were CO,
L0y, CHLO, CH.COOH, CH.COOH, HOOOH and CHLOH. These authors concluded that at most 50% of
the photolysis cccurred via channel (1), Direct observation of OH radicals, presumably arising form channel
{4), was made by Chowdbury et al. [46] at 148 nm. Photelysis of hydroxyacetone at 193 nm was performed
by Chowdhury et al. [46] and appears to occur by process (2) with the initial formation of HOCH,CO
yielding OH and ketene.
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Cross secton computed assuming 100% QY (higher than observed by Orlando – see JPL notes)
Rates are lower in updated fast-jx in agreement with recommendation
Previous model used Acetone cross section for computing HAC jrates. This is the source of the change between FAST-J and FAST-JX.


D22 -

D22. CHOCHO +hy - HCO+ HCO 300 kJ mol”
—H,+2C0 -8 kJ mol”
— HCHO + CO -7 kJ mol”
—» H+ CO + HCO 364 kJ mol”

Photolysis Chuantum Yield and Product Studies: The photodissociation of CHOCHO as well as the photolysis
product channel vields are wavelength and pressure dependent. Calvert and Pitts [37] have summarized the
CHOCHO quantum yield data prior to 1965, On the basis of the work by Calvert and Layne [35] and
Parmenter [156] it was established that the HCHO + CO photolysis channel (3) was the dominant photolysis
channel with yields between 0.84 and 0.6 over the wavelength range 254 to 435 am. There was little
experimental evidence for the HOO + HCO radical channel (1) occurring and it was incorrectly concluded to
be negligible. Plum et al. [158] has since reported the effective guantum yield for CHOCHO photolysis at
wavelengths >290 nm to be 0.029, based on measured photolysis rates in an environmental chamber relative
to NOw where Joyneuo/Jup: was found to be 0.008 + 0.005. An effective atmospheric photolysis rate was
measured using solar radiation in the EUPHORE outdoor chamber to be J., = 1.04 £ 0.10 = 107 57,
corresponding to an effective guantum yield for glyoxal loss of 0.035 + 0,007 [136, 137] in reasonable
agreerment with the value reported by Plum et al. [158).

Langford and Moore [102] measured HCO produced in the photolysis of glyoxal in 1000 Torr N at 305 nm
by direct HCO resonance absorption and deduced a total HOO yield of 0.8 + 0.4 at 305 nm. Using cavity
ring-down spectroscopy, Zhu et al. [213] reported HCO quantum yields of 1.5 (@, = (0.75) for photolysis at
331 nm, 0.69 at 308 nm, 0.52 at 248 nm and 0.42 at 193 nm. In a later study Chen and Zhu [44] reporied zero
pressure HCO yields, dv(2), at 10 nm intervals, to increase from 0.50 + 0.01 at 290 nm to a maximum of 2.01
=+ (.08 at 390 nm and to decrease to 0.74 + 0.08 at 400 nm, 0.56 = 0.04 at 410 nm, and 0.48 = 0.03 at 420 am.
HCO guantum yields were found to be independent of the N; buffer gas pressure (10-400 Torr) for photolysis
in the 220-370 nm region. In the wavelength region 380-420 nm the HCO quantum yield decreased with
increasing pressure. They reported HOO gquantum yields at 760 Torr N: to be 0.49 at 380 nm, 0.54 nm at 390
nrm, 0.32 at 400 nm, 0.22 at 410 nm and 0.14 at 420 nm. Feierabend et al. [62] measured quantum yields for
the production of HCO at 85 discrete wavelengths in the wavelength range 290420 nm at pressures between
50 and 550 Torr (N;) at 298 K using pulsed laser photolysis combined with cavity ring-down spectroscopy
detection of HCO. ®y(1) varied smoothly with wavelength with a maximum value of ~1.8 in the range 300
383 mmn with values decreasing to near U at 420 nm and (.4 at 290 nm. 1he high precision of the
measurements enabled the pressure dependence of the HCO quantum yield to be determined at each
wavelength using the Stern-Volmer relationship

1 _ | kg .. .
o@r) D) ke (4)[N:]
where k, is the collisional quenching rate coefficient and &, is the rate coefficient for the dissociation of
glyoxal. The wavelength dependence of the rate coefficient ratic was fit to the expression
kg ()= 23 % 107 + 1.5 = 1077 exp(-0.4 AE)
where AE = ((28571/3) — 72.5) (kcal mol™), & is the photolysis wavelength (nm), and 72.5 keal mol” is the

threshold for glvoxal photedissociation (there is a small barrier to dissociation on the riplet surface). The

Dy(R) values from the Feierabend et al. [62] work are in eood agreement with the values reported by Chen
and Zhu [44].

{em’ molecule™)

GLYX

399 nm (1)
All (2)
All (3)
329 nm (4)

Tadic et al. [185] photolysed glyoxal with broadband fluorescent lamps, which selectively overlapped with
the two absorption bands, and measured the CO, HCHO and HCOOH end products. Using 275-380 nm
irradiation, the quantum yield for glvoxal loss was found to be @y = 0.97 + 0,05 and independent of pressure.
The absolute quantum yields obtained for 390 - 470 nm radiation, covering the visible absorption band, were
found to be pressure dependent with values ranging from ®r = 0.12 at 100 Torr to @7 = 0.04 at 700 Ter and
was described by the Stern-Volmer expression

L 680 - [251.8 x 10™* P(Tom)]

d}T
The direct HOO guantum yield measurements of Felerabend et al. [62] and Chen and Zhu [44) combined with
the end product vield results of Tadic¢ et al. [185] indicate that dissociation into 2 HCO radicals is the most
important pathway under atmospheric conditions. On the basis of their HCO guantum yield data, Feierabend
et al. reported a set of revised wavelength dependent guantum yields for channels (1), (2) and (3) from those
of Tadic et al. [185], which were recommended in JPL 06-2. The revised quantum yields are recommended
and given in Table 4D-27. Although glyoxal has a very low effective gquantum yield, photolysis remains an
important removal path in the atmosphere.

Applies to: GLYX
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total quantum yield (sum channels 1-3) has been applied to the glyoxal cross section. 
The seac4rs code only includes channels 1-2 in the yield calculations.
Unclear if JPL recommends the QY pressure dependence. I have not included it in my calculations, but it is incorporated in FAST-JX where cross sections are linearly interpolated as a function of pressure


D23, CHyCOWC(O)H + hy

Applies to: MGLY

- CH5CO + HCO
—» CH, + 2C0
—» CH,CHO + CO

D23 - MGLY

305 kJ mol
25 kJ mol
-6 kJ mal”

422 nm
All
All

(1)
(2)

(3)

The temperature dependence of the absorption spectrum is relatively weak with changes on the order of 10%
observed in the spectrum measured by Staffelbach et al. [182] between 298 and 248 K. The largest changes
oceur in the structured region between 410 and 450 nm where the fine structure becomes more pronounced at
lower temperatures.

Photolysis Quantum Yield and Product Studies: Quantum yields have been measured in several studies.
Kyle and Orchard [100] reported products formed in the photolysis of methylglyoxal at 387 K and 436 nm.
Staffelbach et al. [182] reported a determination of products after photolysis of dilute mixtures of
methylglyoxal in air using a Xe arc equipped with different band pass filters to isolate several regions of the
spectrum. The observed products (€O, CO,, HCHO, CH;COOH, CH:COQOH, CH:0H and HCOOH,) led
to the conclusion that only channel (1) is important in the photolysis range 240 — 480 nm. Quantum vields
were derived by modeling the produects formed using a number of secondary radical reactions. At 760 Torr,
the @, yields were: 0.005 for the wavelength region 410 — 418 nm, 0.055 for 355 — 480 nm, 0.07 for 280-240
nm and 0.14 for 240 - 420 nm. Raber and Moortgat [161] iradiated methylglyoxal in air at different total
pressures using two types of broadband lamps and determined the products (CO, CO;, HCHO, CH,O0H,
CH;0H, HCOOH, CH;CHO, CH:COOH, CH;COOOH and CH;COCOOH). The quantum yield derived by
modeling the products of the photolysis in the 275-380 nm region varied from 0.94 + 0.04 at 54 Torr to 0.64
+0.03 at 760 Torr, and in the 390 — 470 nm region from 0.41 = 0.04 to 0.23 = 0.02.

Koch and Moortgat [97] determined the quanturm yields of CO, HCHO and CH;CHO formation at 298 K as a
function of wavelength (260 — 440 nm) and pressure of synthetic air (30 — 900 Torr) using “broad”
monechromatic light, with an optical resolution of 8.5 nm. For photolysis in the 260 — 320 nm band, the
overall quantum yield was found to be unity, independent of wavelength and pressure. The analysis of the
data gave evidence that channel (1) is the predominant photolysis path. In the 380 ~ 440 nm band the
quantum yield of CO showed a Stern-Volmer pressure dependence and the quantum yield of H:CO increased
with increasing methylglyoxal pressure, which was attributed to the reaction of excited methylglyoxal with
ground state methylglyoxal.

The quantum yield of channel (1) over the wavelength range 250-500 nm was expressed as
L (3) = Lidy(i) + P{Torr) /! ki)
where Dy(r) =1 for i <380 nm
D) = (8.15 £ 0.7) 107 [exp(7131 = 267) / 1] for & =380 nm
k(i) = (734 20.1) 107 [exp(8793 £ 300) / 3]
Chen et al. [42] used a tunable dye laser to photolysed methylglyoxal at 10 nm intervals over the range 290 —
440 nm combined with detection of the primary HCO radical photolysis product using cavity ring-down
spectroscopy. The HCO quantum yield was calibrated against HCO produced in the photolysis of HCHO or
ClyHCHO mixtures. They report the HCO quantum yield to be unity in the wavelength range 320-360 nm,
0.82 % 0.06 at 290 nm, and to decrease at wavelengths =370 nm to a value of 0.17 + 0.02 at 440 nm. The
HCO guantum yields were reported to be independent of pressure between 290 and 370 nm for the pressure
range 10-400 Torr N; but to have a Stermn-Volmer pressure dependence at wavelengths =380 nm given by
1Ay (k) = 1Dg(R) + ko(d) P(Torr)
where @) = (3.63 £0.32) 107 [exp(5693 = 533) / 4]
and k() =(1.93 = 0.24) = 10 [exp(-(5639 £457) /& ]
The zero pressure gquantum yields, @y(2), are in good agreement for wavelengths < 420 nm. However, the
quanturn yields at 760 Torr from the Chen et al. [42] and Koch and Moortgat [97] expressions deviate by a
4D-41

factor 4 for wavelengths = 420 nm. The data from the more direct study by Chen et al. [42] are
recommended. Additional measurements are needed to establish the guantum yields in the leng wavelength
tail of the spectrum at atmospheric relevant pressures.
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Presenter
Presentation Notes
I have used the JPL recommended parameterisation for the quantum yields. 
The implementation in the seac4rs code uses a stern volmer parameterisation that assumes a constant quenching rate with wavelength (varies in the JPL param).  
Fast-JX – linear interpolation as a function of pressure


IUPAC - MEK

Primary photochemieal transitions

Reaction AHZ/kI-mol ™! Agpreshona/nm
CHaC{O)CaHs +hvy — CHa + CHsCO (n 352.6 339
— C2Hs + CH3CO 2 349.4 342
— CHa+ C;Hs + CO (3) 3953
Absorption cross-section data
Wavelength range/nm  Reference Comments
202-355 Martinez ¢t al., 1992 (a)
240-350 Yujing and Mellouki, 2000 (b)
Quantum vield data (¢ = ¢ + ¢ + 1)
Measurement Wavelength range/nm  Reference Comments
@
0.34 (1000 mbar) 275-380 Raber and Moortgat, 1987 (c)
0.89 (68 mbar)

Applies to: MEK
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Presentation Notes
QY only exists at 1000mb. No further information. 


IUPAC - MEK

Croga Section {em? maolec™}

Wethylethylketane
Z,D)('llj_m\lll\lll\.ll|||\||.\|||\|||\.||\|||\II.\III\III\.II\III\II
—— JPLHRIZ9BK} o
— JPL-Bin{298K) |
—— Fast—J(238K)
—— Fast—Ji{E8hpa) |
1,5)(1D_Zﬂ .
1.0%107%
5.0)(]072‘ A
O\|||\|||\:II\III\II:\III\III\:II\III\ L
290 300 el 320 330 340 350

Crass Section {em? maolec™}

Wavelangth {nm)

Methylethylketane

Z.DX1D_mIIII\IIII.IIIIIIIII.IIIIIIIII.III\IIIII.\IIIIIIII.IIIIIIIII

— : : : : —— JPL HR(298K) E
: : : : —— JPL—Bin(20BK)

—— Fast—J{258K)

—— Fast—J¥(1000hpa)

1B NG ................... ................... ................ ................. fron

S ______________ ___________________ ---1-000--I'§|pa __________ ___________________

B0 | ................................. ................ ................. ...................

280 300 30 320 330 340 350
Wavelength {nm)



Presenter
Presentation Notes
Good agreement for FAST-J at 1000hpa
Code has implemented S-V scaling to 0.89 QY @ 68hpa. This was not suggested by IUPAC but is part of the same study it used for its quantum yield recommendation
FAST-JX uses linear interpolation as function of pressure


IJUPAC — ONIT1

Primary photochemical transitions

Reaction AHZ, I mol ™" hipreshola/mm
n-C3H;0NO; +hy — n-C3H70 + NOz n 165.9 721
—+ C3HsCHO + HONO  (2) —92.8

— GH;ONO+OCP)  (3)

Absorption cross-section data

Wavelength range/nm  Reference Comments
270-330 Roberts and Fajer, 1989 (a)
185-330 Turberg et al., 1990 (b)
220-340 Clemitshaw etal., 1997 ()

Comments

(a) Absorption cross-sections were measured in a cell of 10.2 em pathlength using a single-beam spectrometer with a photo-
metric accuracy of £0.5%. No NO; could be detected by FTIR in the n-propyl nitrate.

(b) Absorption cross-sections were measured in 2 em and 10 cm pathlength cells with a range of pressures of n-C3H;0NO;
at an unspecified spectral resolution.

(¢) Absorption cross-sections were measured with a dual-beam diode array spectrometer, with a speetral resolution of ap-
proximately 0.6 nm. The purity of the n-propyl nitrate was checked by NMR and FTIR.

Comments on Preferved Values

Clemitshaw et al. (1997) have measured the absorption cross-sections at 298 K over the range 220 nm to 340nm. In the
wavelength region where their measurements overlap with those of Roberts and Fajer (1989) (270 nm to 320 nm), the two
studies are in excellent agreement. Agreement with the results of Turberg et al. (1990) is also very good in the range 220 nm to
295 nm, but the results of Turberg et al. (1990) deviate significantly from those of both Clemitshaw ct al. (1997) and Roberts
and Fajer (1989) at 4=295nm. This tendency to obtain higher values than others of the absorption cross-section at longer

Ap p I ies to : M AC R N’ MV K N’ I SO P N B’ wavelengths is noticeable in the results of Turberg ct al. (1990) in all of their studies of the higher nitrates and could be due to

traces of NOz in their samples.
The preferred values of the absorption cross-section are those of Turberg et al. (1990) for the range 185nm to 220 nm
ISO P N D’ P RO P N N where theirs are the only measurements. Ower the range 220 nm to 295 nm averages are taken of the results of Roberts and
Fajer (1989), Turberg et al. (1990) and Clemitshaw et al. (1997) where their studies overlap, and over the range 295nm to
340 nm the preferred values are based on the results of Roberts and Fajer (1989) and Clemitshaw et al. (1997).

There are no data on either the products of photodissociation or the quantum yields. However, the quantum yields for
photodissociation of both ethyl and methyl nitrate to form NO; have been shown to be unity at 308 nm and 248 nm, respectively
(see data sheets in this evaluation). Since the absorption spectra of organic nitrates are very similar, with structureless continua
occurring in the same region of the spectrum, it seems likely that the photodissociation quantum yield for n-propyl nitrate will
also be unity. Further support for this conclusion comes from direct measurements (Luke et al., 1989) of the rate of formation
of NO; from the photolyses of n-C3H;ONO; in sunlight. These agreed well with the calculated rates of photolyses, based on
measurements of the absorption cross-sections, solar irradiances, and an assumed value of ¢;=1 throughout the wavelength
region 290 nm to 340nm (Luke ct al., 1989).
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QY only exists at 1000mb. No further information. 
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Above uses unity quantum yields
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