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During UV/H2O2 treatment, the degradation of a probe compound in a water matrix with scavengers Si 

is described by the following simplified reaction scheme: 

Photolysis reactions: 

Probe + hv → products 

H2O2 + hv → 2 HO• 

Second order reactions between OH. and probe or background components: 

HO• + probe → products 

HO• + Si → products 

 

The rate equation for HO• (M s-1) is written as: 

 𝑑[𝐻𝑂•]

𝑑𝑡
= 𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂[𝐻2𝑂2] − ∑ 𝑘𝑆𝑖[𝐻𝑂•][𝑆𝑖] − 𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻𝑂•][𝑝𝑟𝑜𝑏𝑒] Eq. 1 

where 𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂 is the photogeneration rate constant of HO•  from H2O2 (s-1)), 𝑘𝑆𝑖 the second-order 

HO• reaction rate constant of a background scavenger (M-1 s-1) and 𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒 is the second-order HO• 

reaction rate constant of a probe (M-1 s-1). 

By introducing a total scavenging rate constant as 𝑆𝑇 = ∑ 𝑘𝑆𝑖[𝑆𝑖] (note that scavenging by H2O2 is 
included in ST, but can be subtracted in the end to determine the innate ST that comes from 
background matrix alone), Eq. 1 becomes: 

 𝑑[𝐻𝑂•]

𝑑𝑡
= 𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂[𝐻2𝑂2] − 𝑆𝑇[𝐻𝑂•] − 𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻𝑂•][𝑝𝑟𝑜𝑏𝑒] 

Eq. 2 

The rate equation for the probe equals: 

 𝑑[𝑝𝑟𝑜𝑏𝑒]

𝑑𝑡
= −𝑘𝑝ℎ𝑜𝑡𝑜,𝑝𝑟𝑜𝑏𝑒[𝑝𝑟𝑜𝑏𝑒] − 𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻𝑂•][𝑝𝑟𝑜𝑏𝑒] Eq. 3 

where 𝑘𝑝ℎ𝑜𝑡𝑜,𝑝𝑟𝑜𝑏𝑒 is the photolysis rate constant for the probe (s-1). 

To simplify the mathematics, a few assumptions are made: 

• Quasi-steady state HO• concentration, dHO•/dt=0 

• H2O2 consumption is small, so that H2O2 remains constant over time 

• ST remains constant over time, dSi/dt=0 

• The HO• scavenging by the probe is small compared to ST, kHO,probe[probe] << ST 

• The UV absorption remains constant over time  

With these assumptions, the steady state HO• concentrations becomes (from Eq. 2): 

 
[𝐻𝑂•]𝑠𝑠 =

𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂[𝐻2𝑂2]

𝑆𝑇
 Eq. 4 

The solution for the probe concentration over time becomes after integration of Eq. 3 over time t: 

 
𝑙𝑛 (

[𝑝𝑟𝑜𝑏𝑒]𝑡

[𝑝𝑟𝑜𝑏𝑒]0
) = −𝑘𝑝ℎ𝑜𝑡𝑜,𝑝𝑟𝑜𝑏𝑒𝑡 − 𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒

𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂[𝐻2𝑂2]

𝑆𝑇
𝑡 Eq. 5 



 

 

Photogeneration rate constants 

The photogeneration rate constant (kphotoHO, s-1) either for HO• from H2O2 can be calculated from the 
photogeneration rate (rphoto,HO= kphoto,HO×[H2O2], M s-1). Let us consider a small volume of water.  The 
Beer-Lambert law states that the radiation through a small volume with depth Δ𝑥 diminishes 
logarithmically with the (decadic) absorption coefficient: 

 𝐸′
𝑝(𝑥 + Δ𝑥) = 𝐸′

𝑝(𝑥)10−𝑎Δ𝑥 Eq. 6 

Where E’p(x) is the photon fluence rate (mEinstein cm-2 s-1) at a depth x (cm), and a the total 
absorption (cm-1) of all compounds in the water (𝑎 = ∑ 𝜀𝑖[𝐶𝑖]). 

The photogeneration rate in this small volume for HO• is obtained by considering the absorbed 
photons (first law of photochemistry states that only the absorbed photons could bring a chemical 
reaction) by H2O2 in the small volume:  

 
𝑟𝑝ℎ𝑜𝑡𝑜,𝐻𝑂(𝑥) = −Φ𝐻𝑂 (

𝜀𝐻2𝑂2
[𝐻2𝑂2]

𝑎
) 𝐸′

𝑝(𝑥)
(1 − 10−𝑎Δ𝑥)

Δ𝑥
 Eq. 7 

Where a is the total absorption of all compounds (decadic based) in the water (𝑎 = ∑ 𝜀𝑖[𝐶𝑖]) (cm-1). 

A similar expression is used by Beltran et al. (1995), Lopez et al. (2003). 

The term (
𝜀𝐻2𝑂2[𝐻2𝑂2]

𝑎
) represents the absorbed photons by H2O2 over the total absorbed photons in 

the small volume, 𝜀𝐻2𝑂2
 represents the molar extinction coefficient of H2O2 (M-1cm-1) and Φ𝐻𝑂 the 

quantum yield (mol/Einstein) of HO•.  

If the product is 𝑎Δ𝑥 small (<0.01), the term 1 − 10−𝑎Δ𝑥 can be written as 𝑎Δ𝑥𝑙𝑛(10),a so that Eq. 7 
becomes:  

 𝑟𝑝ℎ𝑜𝑡𝑜,𝐻𝑂(𝑥) = −ln (10)Φ𝐻𝑂𝜀𝐻2𝑂2
[𝐻2𝑂2]𝐸′

𝑝(𝑥) Eq. 8 

In a well-stirred system, e.g. a collimated beam, where the concentration of 𝐻2𝑂2is constant over the 
depth, the photogeneration rate constant (kphoto,HO, s-1) can then be written as: 

 𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂(𝑥) = −ln (10)Φ𝐻𝑂𝜀𝐻2𝑂2
𝐸′

𝑝(𝑥) Eq. 9 

By integrating Eq. 9 over the depth (L, cm) of the sample, the volume averaged photogeneration rate 
constant becomes: 

 
𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂 =

1

𝐿
∫ 𝑘𝑝ℎ𝑜𝑡𝑜,𝐻𝑂(𝑥)

𝐿

0

= − ln(10) Φ𝐻𝑂𝜀𝐻2𝑂2

1

𝐿
∫ 𝐸𝑝

′ (𝑥)𝑑𝑥
𝐿

0

= − ln(10) Φ𝐻𝑂𝜀𝐻2𝑂2

1

𝐿
∫ 𝐸𝑝0

′ 10−𝑎𝑥𝑑𝑥
𝐿

0

= −Φ𝐻𝑂𝜀𝐻2𝑂2
𝐸𝑝0

′
1 − 10−𝑎𝐿

𝑎𝐿
 

Eq. 10 

where E’p0 is the incident photon fluence rate (mEinstein/cm2/s) on the water surface.  

Using the expression of the photogeneration rate constant, the degradation of the probe (Eq. 5) can 
be written as:  

 
a Taylor series expansion: ex = 1+x, 10x=e(-ln(10)x)=1-ln(10)x, 1-10adx = ln(10)adx 



 
𝑙𝑛 (

[𝑝𝑟𝑜𝑏𝑒]𝑡

[𝑝𝑟𝑜𝑏𝑒]0
) = −𝐸′

𝑝0

1 − 10−𝑎𝐿

𝑎𝐿
𝑡 (Φ𝑝𝑟𝑜𝑏𝑒𝜀𝑝𝑟𝑜𝑏𝑒

+ Φ𝐻𝑂𝜀𝐻2𝑂2

𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻2𝑂2]

𝑆𝑇
) Eq. 11 

 

The average fluence rate (Bolton and Stefan, 2002) is defined as: 

 
𝐻′ =

𝑡𝑈𝜆

𝐿
∫ 𝐸′

𝑝(𝑥) =
𝑡𝑈𝜆

𝐿

𝐿

0

∫ 𝐸𝑝0
′ 10−𝑎𝑥

𝐿

0

𝑑𝑥 =
𝑡𝑈𝜆

𝑎𝐿
𝐸𝑝0

′
1 − 10−𝑎𝐿

ln(10)
 Eq. 12 

Where 𝑈𝜆 represents the energy of a photon (J Einstein-1). Applying the definition of the fluence rate, 
Error! Reference source not found. becomes: 

 
𝑙𝑛 (

[𝑝𝑟𝑜𝑏𝑒]𝑡

[𝑝𝑟𝑜𝑏𝑒]0
) = −ln (10)

𝐻′

𝑈𝜆
(Φ𝑝𝑟𝑜𝑏𝑒𝜀𝑝𝑟𝑜𝑏𝑒 + Φ𝐻𝑂𝜀𝐻2𝑂2

𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻2𝑂2]

𝑆𝑇
) Eq. 13 

If the direct photolysis of the probe is measured as the fluence-based rate constant (kUV, cm2mJ-1), the 
degradation of the probe is equal to: 

 
𝑙𝑛 (

[𝑝𝑟𝑜𝑏𝑒]𝑡

[𝑝𝑟𝑜𝑏𝑒]0
) = − (k𝑈𝑉 + ln (10)

Φ𝐻𝑂𝜀𝐻2𝑂2

𝑈𝜆

𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻2𝑂2]

𝑆𝑇
) 𝐻′ Eq. 14 

From the measured probe degradation, and fluence rate of the collimated beam system (using a 
Bolton et al. (2015) spreadsheet), the scavenging rate constant can be calculated from Eq. 14: 

 

𝑆𝑇 =
ln (10)

Φ𝐻𝑂𝜀𝐻2𝑂2
𝑈𝜆

𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻2𝑂2]𝐻′

−𝑙𝑛 (
[𝑝𝑟𝑜𝑏𝑒]𝑡
[𝑝𝑟𝑜𝑏𝑒]0

) − k𝑈𝑉𝐻′
 

Eq. 15 

Using 𝑘′𝐻𝑂 = −
𝑙𝑛(

[𝑝𝑟𝑜𝑏𝑒]𝑡
[𝑝𝑟𝑜𝑏𝑒]0

)

𝐻′ − 𝑘𝑈𝑉 (cm2mJ-1), Eq. 15 becomes: 

 
𝑆𝑇 = ln (10)

Φ𝐻𝑂𝜀𝐻2𝑂2𝑘𝐻𝑂,𝑝𝑟𝑜𝑏𝑒[𝐻2𝑂2]

𝑈𝜆𝑘′𝐻𝑂
 Eq. 16 

 

Because the contribution from H2O2 to overall ST was not subtracted initially, it can be subtracted 
from ST determined by Eq. 16 to determine the ST that is based on the sample’s background matrix 
alone. 
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