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Figure S1. Scheme of the photocatalytic system with a three-dimensional view (left) and 

a top-viw cross-section (right). 
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Table S1. Kintecus model reactions. 

Reactions and rate constants included in the kinetic model 

Reaction 

no. 
Reactions in LED-417/GCN 

Rate constant 

k, (M–1�s– 1) 
Reference 

R1 g-C3N4 + + hν ¦ 3e– + 3h+ 3.72 This study 

R2 e– + h+ ¦ recombination 1.00Í1017 This study 

R3 h+ + H2O ¦ HO� + H+ £ 1.00Í103 This study 

R4 h+ + H2O ¦ ½O2 + H+ 1.00Í103 This study 

R5 h+ + H2O2 ¦ O2 + 2H+ 1.70-2.50Í109 This study 

R6 h+ + H2O2 ¦ HO2� + H+ 2.00-3.00Í109 This study 

R7 h+ + C6H5OH ¦ C6H5O� + H+ 1.00-2.00Í1010 This study 

R8 C6H5OH + HO� ¦ C6H5O� + H2O 6.00Í108 [1] 

R9 C6H5OH + HO� ¦ C6H5(OH)2 1.35Í1010 [2] 

R10 C6H5OH + O2�– ¦ C6H5O– + HO2� 5.80Í102 [3] 

R11 C6H5OH + HO2� ¦ C6H5O– + H2O2 2.70Í103 [4] 

R12 C6H5O� + O2 ¦ C6H4O + HO2� 1.30Í105 [5] 

R13 C6H5O� + O2�– ¦ C6H5O– + O2 2.00Í109 [6] 

R14 C6H5O– + HO2� ¦ C6H5O� + HO2– 1.00Í109 [7] 

R15 C6H5O– + O�– + H+ ¦ C6H5O� + HO– 6.50Í108 [8] 

R16 C6H5O– + HO� ¦ OHC6H5O– 9.60Í109 [9] 

R17 C6H5(OH)2 + e– ¦ C6H5O� + H2O 1.00Í109 [10] 

R18 C6H5(OH)2 ¦ C6H4(OH)2 + H+ 8.00Í105 [11] 

R19 C6H5(OH)2 + O2 ¦ C6H5(OH)2O2� 1.20Í109 [11] 

R20 C6H5(OH)2O2� ¦ C6H4(OH)2 + HO2� 1.30Í105 [11] 

R21 C6H4(OH)2 + O2�– ¦ H2O2 + C6H4O2 1.70Í107 [12] 

R22 C6H4(OH)2 + HO2� ¦ H2O2 + C6H5O2� 1.00Í103 [13] 

R23 C6H4(OH)2 + HO� ¦ C6H4(OH)3 1.00Í1010 [14] 

R24 C6H4(OH)2 + O3 ¦ product 1.50Í106 [15] 

R25 C6H4O + HO� ¦ C6H5O� + O�– 1.00Í1010 [14] 

R26 C6H4O2 + e– ¦ C6H4O2�– 2.30Í1010 [16] 

R27 C6H4O2 + HO� ¦ C6H4O2(OH)� 1.20Í109 [17] 



R28 C6H4O2 + O2�– ¦ O2 + C6H4O2�– 9.00Í108 [18] 

R29 C6H5O2� + C6H5O2� ¦ C12H8(OH)2 + O2 1.10Í109 [19] 

R30 e– + O2 ¦ O2�– 1.90Í1010 [16] 

R31 O2 + 2e– + 2H+ ¦ H2O2 1.90Í1010 [20] 

R32 O2�– + H+ ¦ HO2� 7.20Í1010 [21] 

R33 HO2� ¦ O2�– + H+ 1.60Í10–5 [7] 

R34 HO2� + H+ ¦ H2O2 1.00Í1010 [7] 

R35 HO2� + O2�– ¦ O2 + HO2– 9.70Í107 [7] 

R36 H+ + HO– ¦ H2O 1.00Í1011 [22] 

R37 H2O ¦ H+ + HO– 1.30Í10–3 [22] 

R38 HO2� + HO2� ¦ O2 + H2O2 3.40Í107 [10] 

R39 HO2– + H+ ¦ H2O2 5.00Í1010 [22] 

R40 HO2– + O�– ¦ HO– + O2�– 4.00Í108 [10] 

R41 H2O2 ¦ H+ + HO2– 1.26Í10–1 [22] 

R42 H2O2 + HO2� ¦ HO� + O2 + H2O 3.00 [23] 

R43 H2O2 + 2e– ¦ HO� + HO– 9.50Í109 [16] 

R44 H2O2 + O2�– ¦ O2 + HO� + HO– 2.30Í10–1 [24] 

R45 HO� + H2O2 ¦  H2O + O2�– + H+ 2.70Í107 [10] 

R46 HO� + H2O2 ¦  HO2� + H2O 2.70Í107 [10] 

R47 HO� + HO� ¦ H2O2 5.20Í109 [10] 

R48 HO� + HO– ¦ H2O + O�– 1.30Í1010 [10] 

R49 HO� + HO2� ¦ H2O + O2 7.53Í109 [25] 

R50 HO� + HO2– ¦ H2O + O2�– 7.50Í109 [10] 

R51 HO� + O2�– ¦ O2 + HO– 8.50Í109 [25] 

R52 HO� + O3�– ¦ HO2� + O2�– 8.50Í109 [26] 

R53 HO� + O�– ¦ HO2– 2.00Í1010 [27] 

R54 H2O + O�– + O2�– ¦ O2 + 2HO– 6.00Í108 [28] 

R55 H+ + O�– ¦ HO– 2.20Í1010 [10] 

R56 O�– + H2O ¦ HO� + HO– 9.40Í107 [10] 

R57 O�– + O�– ¦ O2 + 2e– 8.40Í109 [29] 

R58 O�– + O2 ¦ O3�– 3.60Í109 [10] 

R59 O3�– + O�– ¦ 2 O2�– 7.00Í108 [30] 



R60 O3�– + H+ ¦ O2 + HO� 5.20Í1010 [31] 

R61 O3�– ¦ O2 + O�– 3.30Í103 [32] 

R62 h+ + HO– ¦ HO� ---  

 

  



Text S1. Theoretical calculation of photocatalysis rate  

The photocatalysis rate (kphoto) of GCN with a 417 nm LED radiation was calculated as 

Equations S1-S3. 

kphoto= 
r0

I0
 (S1) 

r0 = kobs ∙ Ci (S2) 

kobs = – ln
Ci – Cf

Ci

 (S3) 

Where r0 is the initial rate of the photocatalytic reaction (M s-1), I0 is the incident radiation 

(Einstein L-1·s-1), kobs is the photocatalytic degradation rate of PhOH, Ci is the initial 

concentration of PhOH, and Cf is the theoretical concentration at one second of reaction 

calculated as Equation S4. The final reaction time was one second because, in this 

condition, it is assumed that phenol molecules are only degraded via the photocatalytic 

process over the total number of photons absorbed [33]. 

Cf = 
absorbed photons at 1 seg (Einstein∙s-1) × φ 

volume (L)  (S4) 

The absorbed photons are difficult to evaluate in a photocatalytic system due to the 

absorption, transmission, and scattering of the semiconductor particles. As reported in the 

literature [34-37], it was calculated considering the reactor geometry (irradiation area) 

and the molar absorptivity as the number of reactant molecules transformed divided by 

the number of photons of the light incident inside the rector. The average apparent 

quantum efficiency (j) is the ratio of 90% converted reactant molecules over the photons 

entering the reactor (Eq. S5) [36, 38, 39]. 

φ = 

N90
t90
I∙A
υ∙h

 (S5) 

Where N90 are 90% transformed moles at its matching time (t90, 90 seconds), I is the 

radiation intensity (Einstein m-2 s-1), A is the number of catalytically active sites estimated 



by multiplying the specific surface area (SBET, in m2 g-1) of the catalyst particles and its 

mass (g), n is the frequency (c/l), and h is the Planck constant. In this calculation, the 

SBET was assumed as 87 m2 g-1 according to our previous work [40]. 

It must be noted that the BET surface areas suggest the number of adsorption sites, but it 

does not necessarily represent the number of catalytically active sites. However, this 

assumption is commonly accepted as a conservative estimation for the active sites when 

the photocatalytic process depends on the surface characteristics [39, 41].  

 

  



Text S2. Sensitivity analysis 

The Normalised Residuals Sum of Squares (NRSS) value represents the average 

deviation of the resolved model from the experimental data. It is an indicator of the 

capacity of the model to reproduce the experimental data. The average RSS is defined as 

Equation S.6: 

NRSS = 
1
n 	%

|Mi –	Di|
Di

n

i=1

 (S6) 

Where Mi is the model response at a given system condition and time, Di is the 

experimental data at the same given condition and time, and n is the total number of 

measured data points over all conditions and time. To analyse the effect of changes on 

specific rate constant values [42], the NRSS was calculated by running the model while 

varying one rate constant with all others held fixed at their optimised values. In this case, 

the Di is the altered model response at the same condition and time as the control model. 

  



A) e– + h+ ¦ recombination 

 
 

B) h+ + H2O ¦ HO� + H+ 

 
 

C) h+ + H2O ¦ ½O2 + H+ 

 
 
 
 
 
 
 
 
 
 
 



D) h+ + HO– ¦ HO� 

 
 

E) h+ + H2O2 ¦ O2 + 2H+ 

 

F) h+ + H2O2 ¦ HO2� + H+ 

 
Figure S2. Sensitivity analysis of fitting reaction rate constants: kinetic model of H2O2 

removal by the LED-417/GCN system. Initial conditions: pH0=6.1; [H2O2]0=1Í10-3 M. 

 

 

A) e– + h+ ¦ recombination 



 

B) h+ + H2O ¦ HO� + H+ 

 

C) h+ + H2O ¦ ½O2 + H+ 

 

 

 

D) h+ + HO– ¦ HO� 
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E) h+ + H2O2 ¦ O2 + 2H+ 

 

F) h+ + H2O2 ¦ HO2� + H+ 

 

 

 

G) h+ + C6H5OH ¦ C6H5O� + H+ 
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Figure S3. Sensitivity analysis of fitting reaction rate constants: kinetic model of PhOH 

removal and H2O2 generation by the LED-417/GCN system. Initial conditions: pH0=6.1; 

[PhOH]0= 6.38Í10–4 M. 

 

 

 

Table S2. Photocatalytic results of PhOH degradation and H2O2 generation in the 

LED-417/GCN system. Experimental initial conditions: pH0 = 6.1; [PhOH]0 = 

6.38Í10-4 M. 

O2 

(%) 

PhOH 
removal  
kapp Í102 

(min-1) 

% PhOH 
removal 
(60 min) 

H2O2  
formation rate 
kapp Í105 

(min-1) 

[H2O2]/ 
mmol L-1 
(60 min) 

Max. 
[H2O2]/ 

mmol L-1 
(time/min) 

pH value 
(180 min) 

0 0.05 6.85 0 0 0 8.41 
5 0.62 26.5 0.40 0.29 0.66 (180) 7.02 
10 1.98 65.0 0.85 0.51 0.74 (150) 5.13 
21 2.73 85.6 1.53 0.88 0.90(120) 4.06 
100 6.14 100 2.91 0.96 0.96 (60) 3.83 

 

 

 

 

 

Table S3. Percentages of PhOH removal depending on the reactive species and the 

percentage of dissolved oxygen. Data obtained from Kintecus modelling. 
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%DO 
Final 

degradation 
(%) 

Degradation 
rate constant 
kapp Í102 (min-1) 

%D(h+) 
R7 

%D(HO�) 
R8 

%D(HO�) 
R9 

%D(O2
�–) 

R10 
%D(HO2

�) 
R11 

0 8.46 0.05 7.98 0.00 0.03 0.00 0.45 
5 71.9 0.60 67.2 0.01 0.21 0.00 4.47 
10 100 1.80 72.5 0.01 0.27 0.02 27.7 
21 100 2.56 62.3 0.01 0.15 0.05 37.5 
100 100 5.95  62.2 0.01 0.14 0.05 37.6 

 

Table S4. Percentages of H2O2 formation depending on the reaction pathway and the 

amount (%) of dissolved oxygen (DO). Data obtained from Kintecus modelling. 

DO 
(%) 

Max. [H2O2]/ 
mmol L-1 

(time/min) 

H2O2 formation rate 
kapp Í105 

(min-1) 
%R11 %R21 %R22 %R38 %R39 

0 0.04 (180) 0.02 67.0 0.00 0.00 0.50 32.5 
5 0.67 (180) 0.38 63.6 0.22 0.08 5.60 30.5 
10 0.74 (114)  0.83 35.7 0.25 0.04 50.6 13.4 
21 0.97 (88) 2.11 29.4 0.20 0.00 70.4 0.00 
100 0.96 (73) 2.39 27.7 0.20 0.00 72.1 0.00 
The rest of the reactions (R35, R47, R31) that could form H2O2 had no contribution to 

the model. 

 

Table S5. Percentages of H2O2 removal depending on the reaction and the amount (%) 

of dissolved oxygen (DO). Data obtained from Kintecus modelling. 

DO 
(%) 

Degradation 
(%) 

Degradation rate 
constant k Í106 

(min-1) 
% R5 % R6 % R42 % R46 

0 1.27 0 0.55 0.66 0.00 0.00 
5 15.9 0 7.22 8.66 0.00 0.00 
10 100 2.45 45.3 54.3 0.10 0.30 
21 100 2.64 45.4 54.5 0.10 0.00 
100 100  2.63 45.4 54.5 0.10 0.00 

The rest of the reactions (R43, R45) that could remove H2O2 had no contribution to the 
model. 
 

 

 



 

Figure S4. Kinetic model of the recombination e–/h+ reaction in the LED-417/GCN 

system for different percentages of dissolved oxygen (DO). 

 

 

Figure S5. Kinetic modelling for the most relevant reactions involved in H2O2 generation. 

DO 21%. Initial conditions: pH0=6.1; [PhOH]0= 6.38Í10–4 M. LED-417/GCN system. 
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Supplementary characterisation of GCN 

 

Figure S6. XPS survey spectra of GCN. 

 

 

Figure S7. DRS and Tauc plot (inset) of GCN. 
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