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Basic assumptions of the reversed-rates method

The chain-radical mechanism of the autoxidation of S(IV) catalysed by Fe(Ill) and inhibited

by an organic scavenger of sulfate radical anions used by the reversed-rates method contains

the following reactions:

Chain initiation

Fe(IIN)OH + HSO;~ — Fe(Il) + SO; + H,0

Chain propagation

SO;~ + 0O, — SOs™

SOs + HSO;- — HSOs  + SO;™~
SOs—~ + HSO;~— SO, + SO4~ + HY
SO, + HSO;- — SO + SO~ + HY
SOs~ + SOs™ — S04~ + SO~ + O,
Formation of sulfate

HSOs~ + HSO;- — SO, + SO, +2 H*
Regeneration of the initiator

SOs~ + Fe(Il) —» SOs>~ + Fe(IlI)

SOs™ + Fe(Il) — SO + Fe(IIl) (+ OH)
SO, + Fe(Il) > SO42 + Fe(IlD)
Termination

SO+~ + SO~ — S,04%

S04~ + S04~ — S,08%

SOs5~+ SOs~— S,08> + O,
Inhibition

Organic + SO4~ — Products

Speciation and hydrolytic equilibria

H2803 = H*+ HSO37

(A1)

(A2)
(A3)
(A4)
(AS)

(A6)

(A7)

(A8)

(A9)

(A10)

(Al1)

(A12)

(A13)

(A14)

(A15)
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HSO; = H* + SO (A16)

S,05%” = HSO;™ + HSO;3~ (A17)
HSO4 = H' + SO4* (A18)
Fe?" + SO4> = Fe(I1)SO, (A19)
Fe3* + SO, = Fe(II)SO4* (A20)
Fe’* + 2S0,7 = Fe(IIT)(SO4)*~ (A21)
Fe** + H,O = Fe(III)OH?" + H+ (A22)
Fe3* + 2 H,O = Fe(III)(OH)* + 2H* (A23)
[Fe(ID]iotar/ [Fe(IID)]iotat = 3 (A24)
The assumptions underlying the pseudo-stationary analysis of the autoxidation of S(IV)

catalysed by Fe(Ill) and inhibited by organic scavenger of sulphate radical anions are (i) the
rate of autoxidation is controlled by the reaction of bisulfite ions with peroxymonosulfate
radical anions (A7), (ii) chain termination is dominated by reactions of ferrous ions with
peroxymonosulfate radicals (A8) and (A9), as well as by reaction of sulphate radical anions
with an organic inhibitor (A14); (ii1) the chain initiation occurs by the reaction of ferric ions
with bisulfite ions (A1); (iv) rate of chain termination (by dominating reactions) is equal to

the rate of chain initiation.



| ANnh W

Fig. A0.

35

f NO, +6-10° M acrylic acid pH 1 | === error range
30 F average (n = 8) | ]

25 ]
20 ]

15 ]

Voltage / mV

0 2 4 6 8
Time / ms

250 |

SO, +6-10°M lic acid pH 1 === errof range ]
4 acrylic acid pl average (n =8) | |

200 |

Voltage / mV

50

0.0 0.1 0.2 0.3 0.4
Time / ms

300

OH +2-10° M acrylic acid pH 1~ | === error range
average (n = 8)

Voltage / mV
o (&)} o (o]
o o o o

o
o

00 02 04 06 08 10 12 14 16 138
Time / ms

Temporal profiles of the reaction of acrylic acid (pH 1) with NO; (top), SO, (middle) and
OH radicals (bottom). Grey areas correspond to error range resulting from the standard
deviation of eight signals.
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Reactant T/K OH NO; SO4 (LFP) SO4 (KR)
methacrolein 278 (5.7+0.4)-10° 3.2+ 1.1)-107 (6.8 £4.8)-107
288 (7.4+0.3)-10° (3.5+£0.8)-107 (7.5+2.7)-107 (1.8 £1.2)-107
298 (9.4+0.7)-10° (4.0 +1.0)-107 (9.9 +£4.9)-107 (5.5+1.4)-107
308 (9.5+0.4)-10° (42+1.4)107 (7.2 +£2.0)-107 (9.4+1.9)-107
318 (1.0£0.5)-10'0 (5.4 +2.3)-107
methyl vinyl ketone 278 (5.1 £0.6)-10° (7.7+2.2)-10° (8.1+1.6)-107
288 (6.3+0.3)-10° (1.0£0.4)-107 (5.3+£0.8)-107 (1.2+0.4)-108
298 (7.3+0.5)-10° (9.7 +£3.4)-10° (1.0+0.2)-108 (8.7+2.2)-107
308 (8.5+0.6)-10° (1.0£0.2)-107 (9.0 +0.6)-107 (8.6 =2.6)-107
313 - ---
318 (1.4+0.5)-107 (8.7 +£2.6)-107
methacrylic acid 278 (7.9 £2.0)-10° (9.3+4.2)-107 (1.1£0.3)-108
288 9.0+ 1.1)-10° (1.1 £2.0)-108 (14+1.1)108
293 --- (1.1 £0.4)-108 -
298 (1.1+£0.1)-10% (9.2 +1.6)-107 (2.5+1.2)-108
308 (1.2+0.1)-10% (8.3 +5.5)107 (1.7+1.1)-108
318 (1.5+0.1)-101° -- 2.0+ 0.4)-108
methacrylate 278 (7.3 +£0.4)-10° (3.8+£0.5)-108 (1.9+£0.9)-108
288 (9.4+0.4)-10° (3.2+0.5)-108 (2.9 +1.3)-108
298 (1.1£0.1)-10% (1.7+£1.2)-108 (3.5+1.1)-108
303 --- - (2.3+0.7)-108
308 (1.4+0.2)-101° 22+1.1)-108
318 3.5+ 1.6)-10%
acrylic acid 278 (4.2+0.5)-10° (2.9+0.9)-10° 8.6+ 1.1)-107
288 (4.7+0.3)-10° (4.3£0.5)-10° (9.0 +3.3)-107
298 (5.1+0.8)-10° (6.9 +1.0)-10° (9.5+0.8)107
303 --- - (9.7 +£2.5)-107
308 (5.7+£0.7)-10° (1.0£0.4)-107 (8.4 +2.0)-107
318 (6.1 £0.7)-10° (2.3+0.3)-107 (1.0+0.2)-108
acrylate 278 (5.4+1.0)-10° (1.9£0.3)-107 (9.3+0.9)-107
288 (5.5+£0.5)-10° (3.0£0.7)-107 (9.4+2.2)-107
298 (5.9+0.9)-10° (4.4£0.6)-107 (9.9 +£2.0)-107
308 (5.9+1.2)-10° (3.9+1.6)-107 (8.9 +2.3)-107
318 (6.2+0.4)-10° (5.3+£1.6)-107
Table Al. Temperature dependent reaction rate constants for the conducted kinetic measurements.

Gray values were not used to calculate the activation parameters. LFP: Laser flash

photolysis. RR: Reversed-rates method.
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Calculation of activation parameters

The Arrhenius formula describes the temperature dependence of the rate constant k(T).
Plotting the natural logarithm of k over the invers temperature T, the preexponential factor A

and the activation energy E, can be calculated.

-E
k(T)= Aex - 3
() p( RT} 3)
For bimolecular reactions, the following applies:
AH'=E, -RT 4)
ASizR(ln A-In k‘;lT —1) (5)

with AH* and AS* denoting the enthalpy and entropy of activation as well as
kg =1.381-102 J K-! and h = 6.626-10-3* J s the Boltzmann and Planck constants, respectively.
According to the Gibbs-Helmholtz equation, Gibbs’ free energy, enthalpy and entropy of
activation are linked by

AG*=AH* T AS* (6)

From these equations, all activation parameters can be calculated.
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2 Fig. Al. Arrhenius plot for the reaction of methacrolein with OH including literature data.
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2 Fig. A2. Arrhenius plot for the reaction of methyl vinyl ketone with OH.
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2 Fig. A3. Arrhenius plot for the reaction of methacrolein with SO,. LFP: Laser flash photolysis. RR:
3 reversed-rates method.
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2 Fig. A4. Arrhenius plot for the reaction of methyl vinyl ketone with SO,~. LFP: Laser flash photolysis. RR:
3 reversed-rates method.
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2 Fig. A6. Arrhenius plot for the reaction of methacrolein and methyl vinyl ketone with NOs.
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2 Fig. A7. Arrhenius plot for the reaction of acrylate and methacrylate at pH 8 with NOs.
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Errors on diffusion limits

The errors on diffusion limits can be calculated using the exact differential method starting
with the Tyn and Calus formula. According to Poling et al., (2000), the error of V,, is
AV, =2.8% whereas An=2% 1is the error of the tabulated values and AT =0.1 K,
respectively. The error on r (eq.9), D (eq. 8) and, finally, the errors on kg (eq. 7) were
calculated according to the equations listed below. The resulting errors in kgier are 4.6 %. It
has to be noted, that the exact differential method usually overestimates the experimental

CITOorS.

I
Ar= AV A25
AN G .
0.5 0.5
AD = 4.44x10™ %An +7.4x10° ((Xy))w [AﬁZAnj (A26)
77 m ' 77 m ’ 77

Ak

3
diff’ =4x10 ﬂ-NA [(nadical + Freactant )(ADr

adical e

+ AD actant) + (D radical + D reactant )(Ar}adical + Arreactant )]

(A27)
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