Electronic Supplementary Material for PCCP 1

This journal is (¢) The Owner Societies 2007
Electronic Supplementary Material (ESM)

to

On the Photolysis of simple Anions and neutral Molecules
as Sources of O-/ OH, SOx- and Cl in Aqueous Solution

Hartmut Herrmann

Leibniz-Institut fiir Troposphérenforschung
Permoserstrafle 15, D-04318 Leipzig, Germany
Tel. ++49 (0)341 235 2446, Fax. ++49 (0)341 235 2325
Email: herrmann@tropos.de, Web: www.tropos.de

List of Content:

Table S1: Summary of available absolute decadic absorption coefficients from the literature for SO4
in the range of the absorption maximum at A = 450 nm.

Table S2a:  Mechanisms for the simulation calculation

Table S2b:  Applied initial concentrations and absorption coefficients for the simulation calculation.

Table S3: Results to determine the absolute quantum yields of the SO4” formation from the photolysis
of HSOs™ at A =248 nm.

Figure S1:Aqueous phase spectra of SO;” and SOs™ from the photolysis of S,06> at A = 193 nm at 298
K.

Table S4: Results to determine the absolute quantum yields of the SO;™ formation from the photolysis
of $,06” at A = 193 nm.

Table S5: Concentrations of the chlorine-containing compounds present in the carried out
experiments.

Table S6: Parameter for the evaluation of the quantum yields from the HOCI photolysis in aqueous
solution. A = 248 nm, T = 298 K, [HOCI] = 4.4-10"* mol I'!

Table S7: Sink reactions for the chlorine atom in the Cl,/HOCI-system. [HOCI] = [Cl-] = 4.4-10** mol
1—1

Table S8: Parameter for the evaluation of the quantum yields from the chloroacetone photolysis in
aqueous solution. A =248 nm, T =298 K, [CH,COCH,CI] = 5-10 mol I-".

Annex I Thermochemistry of the dissociation processes in aqueous solution
Table S9: Applied bond dissociation energies (BDEs, kJ mol™)

Annex References



Electronic Supplementary Material for PCCP 2

This journal is (¢) The Owner Societies 2007
Table S1: Summary of available absolute decadic absorption coefficients from the literature for SO4

in the range of the absorption maximum at A = 450 nm.

Authors (Year) €,/ 1 mol' cm™! Ref.
Dogliotti and Hayon (1967) 460 [1]
Hayon and McGarvey (1967) 450 [2]
Roebke et al. (1969) 1100 [3]
Chawla and Fessenden (1975) 1600 [4]
McElroy (1990) 1600 = 100 [5]
Buxton et al. (1990) 1500 + 50 [6]
Table S2a: Mechanisms for the simulation calculation
Reaction k /1 mol!s’! Ref. k
HSO, + hv(A = 248 nm) ——-OH + SO | (R-28) - -
‘OH + HSO;—— H,0 + SO4- | (R-29) 1.7-107 [7]
SO,” + HSO, —— HSO, + SO, | (R-30) <110° (8]
SO+ + SO+ — S,0% + O, |[(R-31a)| 1.25-108 This work
SO,~ + SO,- —> 280,~ + O, |[(R-31b) 5.2:109 This work
SO+ + SO,+— S,0.” (R-22) 1.6-108 [9]

Table S2b:  Applied initial concentrations and absorption coefficients for the simulation calculation.
Species | ¢(t=0) / mol I'' | £ (280nm) |Reference
[1 mol! cm™!] €
HSOy 1-10°3 5.2 This work
-OH 1.24-10° 235 [10]
SO, 1.24-10°¢ 450 This work
SOy~ 0 559 This work
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Table S5: Concentrations of the chlorine-containing compounds present in the carried out

experiments.

Experiment Abs.* | [CL]/mol ' | [HOCI] = [CI']/mol I'' | [CL,]/mol I'!
CL2-1 0.105 2.0-10° 4.6:10* 1.8-10°
CL2-2 0.209 1.8:107 4.4-10* 1.6-10°°
CL2-3 0.060 2.1-10° 4.7-10 1.9-107

*: Measured absorption in the mother solution at A= 325 nm
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Table S7: Sink reactions for the chlorine atom in the Cl,/HOC]I-system. [HOCI] = [C]] =

4.4-10* mol I'!

Reaction k, /1 mol's! k, /s Ref.

Cl + Cl- — Cl, (R42)|  1.0.10° [11]
Cl + HOCI—> HCL + -0Cl | (R43)|  3.0-10° 13100 | [11]
Cl. + CI' — Cl,~ (R-44) 2.1-10%0 9.2-10° [11]
Cl- + H,O —> H"'+ Cl'+-OH | (R-45) --- 2.5-10° [5]




991°0 710’1 062 89'T 001 L6°0 0S €200 ss¢
891°0 710’1 062 0L’ 10'1 860 0S 0v0°0 0S¢
691°0 710’1 062 1L1 10'1 860 0S 0500 %3
1LT°0 7101 062 €Ll 01 66°0 0S 0L0°0 b€
AN T10°1 062 bL'1 €0'T 001 0S $80°0 se€
€LT°0 T10°1 062 SL'1 01 10'1 0S 660°0 0€¢€
SLT'0 TI0°T 062 LLT S0'1 01 0S 811°0 943
9LT0 T10°T 062 8L 90°1 01 0S 0€1°0 (143
LLT0 T10°T 062 6L 90'T €0'1 0S LETO S1€
LLT0 T10°1 062 6L'1 901 €0'T 0S ov1°0 01¢
9LT0 z10'1 062 6L'1 90°1 €0'T 0S €10 S0€
9LT0 710’1 062 8L 90°1 01 0S LTT0 00¢€
PL1°0 710’1 062 9L'1 01 10'1 0S 801°0 $6T
€LT0 710’1 062 SL'T 0’1 10'1 0S 660°0 062
Lo z10'1 062 bL'1 €0'1 001 0S L80°0 $8T
1LT°0 710’1 062 €Ll €0'1 001 0S 6L0°0 087
1LT°0 710’1 062 €Ll 01 660 0S 1L0°0 SLT
ru -1 o 1 ow
) SYNLOT | /YA | DIN 0T | D) 01 | (D) D001 su /) vV | wu/y

Low 016 = [[D*HO0D HO]
S 867 = I ‘WU 847 =y "uonnjos snoanbe ur sisAjojoyd 91039080100 Y} WO SP[AIA Wnjuenb oY) JO UOBN[RAR U] 10] IjoweIed :8S dqe ]

LOOT Se1RI00S 1oumQ Y, (9) st [eunof siyf,
6 dDDd 10} [euRleq Arejuswe[ddng oruonodrg



01

LOOT SAMRI00S 10UMQ Y, (9) ST [eunof sy,
dDDd 10} [euRleq Arejuswe[ddng oruonodrg



Electronic Supplementary Material for PCCP 11

This journal is (c) The Owner Societies 2007
Annex I Thermochemistry of the photdissociation processes in aqueous solution

In order to obtain the excess energies for the different systems, it is necessary to know the bond
dissociation energy (BDE) of the X-O™ bonds in the precursors molecules.

In the systems where no anions are formed (e.g., HO,, HONO and HOC), the gas phase BDEs have
been considered. For all the other systems where one or both of the fragments are anions the BDEs
must be calculated and in the case of the oxy-anions these represent the bond energies of the reaction

enthalpies for the reactions:
X0, —> X0, + O (R-I)
Whereas for the photolysis of the sulphuroxyl anions,

S,0> — 250, (R-I1)

As well as

S,0.> — 2805 (R-11I)
The aqueous phase standard enthalpies of formation (AH Jq)) for all the treated species are known'?,
Furthermore, the gas phase standard enthalpies of formation (AH () for all the neutral substrate and

products as well as for most of the anions are also existing"?.
The thermochemistry of several dissociation processes of oxy anions has been discussed with a

cyclic process by Friedman'*. This cyclic process is depicted in Figure I.
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Figure S2: Thermochemistry of the photodissociation of oxy-anions after Friedman'?,

From the thermodynamic treatment after Friedman as well as the following work of Treinin (1970)15

it follows that the reaction enthalpy (AH,) for the reactions like:

XOH_(aq) + HZO ()] Xon-l_(aq) + OH(aq) + OH-(aq) (R_IV)
It can be represented and calculated as the sum of R-V:
X0, — XO, , + O (R-T)

And the reaction of O with the water, e.g.

O + HO —— OH + OH (R-V)



Electronic Supplementary Material for PCCP 13

This journal is (c) The Owner Societies 2007
However, the reaction enthalpy for the reaction (R-V) can be calculated only for the gas phase since

the aqueous phase formation enthalpy (AH ) of O radical anion is not known. From the gas phase
data a value of reaction enthalpy for reaction (R-V) of AH%(R-V) =38.095 kJ mol™ is given, so that

the reaction enthalpy for (R-I) can be calculated as follow:
BDE = AH}, (R-I) = AH} (R-IV) - AH (R-V) 1)

Whereas the Treinin values have been considered for the reaction enthalpy of the reactions like (R-

IV)"°. The obtained values have been summarised in Table IX.

The gas phase BDEs have been applied for in the case of HOX with X= OH, Cl, NO.

For the peroxyl energy bond in the peroxomonosulphate anion (HSOs") the value of BDE = 377 kJ
mol™ given by Benson '® has been considered. A BDE of 92 kJ mol™ is given for the peroxyl bond in
the H,S,05 molecule, which has been also applied for the peroxodisulphate anion. A thermochemical
calculation for this bond leads to a BDE ("03S-O0-SO3’) = 93 kJ mol”', in which the standard
entropy of formation AS{ has been assumed equivalent to the one of the sulphate radical anion (SOy’)
(AS} (SO4¥) =20.8 J mol™ K '%). The good agreement obtained with the Benson value shows the
validity of the taken approximation.

No BDE is available for the S-S bond in the dithionate anion, therefore an estimation have been

done. The Gibbs free energy of of formation (AG?) for S$,0s> and SO;™ are AG?(Szoéz’) =-960 kJ
mol™ 2 andAG(f)(SO3') = -426 kJ mol!, respectively '*. A similar approximation to the case of
sulphate radical anion has been taken and a AS? (S0 = AS? (SO;) =-293 I mol"! K '? have been

applied. The aqueous phase AS? of dithionate anion is also not known and it has been estimated

equal to AS) (S,0,5) = 160 J mol K as average value between S,0,% und S,0.* values 2,

Applying the Gibbs-Helmholtz relationship, the bond dissociation energy of S-S bond in the

dithionate anion has been calculated as follow:

298

BDE ("0,S-80,) = 2-AG{(SO;) - AG{(S,0.>) - 1000

{(2:AS} (SO;) - ASY (S,0,)) (IT)

1

Formatted: Portuguese
(Brazil)
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It follows a value of BDE (“03S-SOs) = 173 kJ mol™'. This results is in good agreement with

suggestion of Waygood und McElroy, whose indicated that the BDE of the S-S-bond in S,06>

should be double respect to the BDE of the peroxyl bond in $,05> .

Table S9: Applied bond dissociation energies (BDEs, kJ mol™)

PrecursorXO - BDE(XO, ,-O°) /kJ mol! | Measurament / Ref.

NO, 192 This work, see text
NO; 217 This work, see text
ClO- 230 This work, see text
ClO." 150 This work, see text

2

Precursor XOH BDE(X-OH) /kJ mol! Measurament / Ref.

H,0, 213+£4 Gas phase, [12]
HOCI 251+13 Gas phase, [12]
HONO 206 Gas phase, [12]
HSO/ 377 Benson, [16]

Precursor [(XO, )], | BDE(XO -XO,) /kJ mol!| Measurament / Ref.

S,0.* 92 Benson, [16]

S,0.> 173 This work, see text

From the obtained BDEs the total excess energy can then be calculated as:

W, = W(hv) - BDE [kJ mol"'] (111
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