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Free Energy Calculation

The process of oxygen evolution reaction (OER) is as following:

𝐻2𝑂 +  * →𝑂𝐻 * + 𝐻 + + 𝑒 ‒   （1）

𝑂𝐻 ∗ →𝑂 ∗ + 𝐻 + + 𝑒 ‒                   （2）

𝑂 ∗ + 𝐻2𝑂(𝑙)→𝐻𝑂𝑂 ∗ + 𝐻 + + 𝑒 ‒   （3）

𝐻𝑂𝑂 ∗ → * + 𝑂2(𝑔) + 𝐻 + + 𝑒 -   （4）

In computational hydrogen electrode (CHE) model1, the free energy of a proton-electron pair 

at 0V vs RHE is defined to be to ½ of the H2 free energy at 101,325 Pa, meaning that the Gibbs 

free energy change (△G)is 0 for the reaction . Therefore, the △G for each 
𝐻 +

(𝑎𝑞) + 𝑒 ‒ ⇌
1
2

𝐻2(𝑔)

elemental step is

Δ𝐺1 = 𝐺
𝐻𝑂 ∗ + 1 2𝐺𝐻2

‒ 𝐺 ∗ ‒ 𝐺𝐻2𝑂

Δ𝐺2 = 𝐺
𝑂 ∗ + 1 2𝐺𝐻2

‒ 𝐺𝑂𝐻 ∗

Δ𝐺3 = 𝐺
𝐻𝑂𝑂 ∗ + 1 2𝐺𝐻2

‒ 𝐺
𝑂 ∗ ‒ 𝐺𝐻2𝑂

Δ𝐺4 = 4.92 ‒ [Δ𝐺1 + Δ𝐺2 + Δ𝐺3]

The Gibbs free energy is calculated using 

G = E + ZPE – TS + eU

where E is the energy of optimized structure; e and U are the number of electrons transferred 

and the electrode potential applied; the zero point energies (ZPE) and enthalpic entropy 

correction (TS) were obtained as G(T) using Vaspkit.2



Figure S1.  The structures and orbital distributions of chlorophyll (left) and simplified chlorophyll (right).

In our study, the reasons why phytyl chain longer than 10 Å shown in red in left of Figure 

S1 can be replaced by H are as follows: first, the frontier orbitals of Mg-chl which determines 

the type of heterojunction Mg-chl/g-C3N4 are fixed on the porphyrin structure, not the phytyl 

chain; second, the distance between the red phytyl chain and g-C3N4 is more than 12 Å 

resulting weak interaction between them.



Figure S2  Side view (left) and top view (right) of Mg-chl/g-C3N4.

Figure S3  Calculated GW VBM and CBM energies of perfect g-C3N4 versus cutoff energy of unoccupied 
orbitals in the screening calculation(a) and self-energy calculation (c), while the band gaps shown in (c) and 
(d). The cutoff energy is relative to the CBM energy.



Figure S4.  Two configurations of porphyrin relative to CN, vertical and parallel, are shown in (a) and (b). 
Binding energies of four porphyrins on the g-C3N4 monolayer for vertical (a) and parallel (b) configurations 
as a function of the distance between porphyrins and g-C3N4 are shown in (c) and (d). The optimal distance 
for each configuration is marked in red in (c) and (d). 

The interlayer distance between porphyrin and g-C3N4 is the difference of between the 

maximum value of g-C3N4 in Z direction and the minimum value of porphyrin in Z direction. 

We set up several random stacking patterns by hand with interlayer distance ~3 Å when 

porphyrin is perpendicular or parallel to g-C3N4 (the configurations are shown in Figure S2(a) 

and S2(b)), then the interlayer distances from 1.5 to 4.3 Å of the most stable pattern are tested 

to find the stable configuration. We think that stacking pattern would influence little the 

electronic properties due to the long-range weak dispersion interaction between porphyrin and 

g-C3N4. 



Figure S5  The left is band structure and orbital distribution of Mg-chl/g-C3N4, where the VBM and CBM 
of porphyrin (g-C3N4) are marked in blue (red). The right is the distribution of the electron (red) and hole 
(blue) for the first excited state.

Figure S6  The band structure and orbital distribution of H-chl/g-C3N4, where the VBM and CBM of 
porphyrin (g-C3N4) are marked in blue (red).

Figure S7  The left is band structure and orbital distribution of H-por/g-C3N4, where the VBM and CBM 
of porphyrin (g-C3N4) are marked in blue (red). The right is the distribution of the electron (red) and hole 

(blue) for the first excited state.

Figure S8  The band structure and orbital distribution of Mg-por/g-C3N4, where the VBM and CBM of 
porphyrin (g-C3N4) are marked in blue (red).



Figure S9  The left is band structure and orbital distribution of Mg-por/g-C3N4, where the VBM and CBM 
of porphyrin (g-C3N4) are marked in blue (red). The vacuum energies (Ev) of all materials are set to 0. 
The fermi level is marked with black dotted line. The right is the distribution of the electron (red) and 
hole (blue) for the first excited state.

Figure S10  The configurations and binding energies for H2O absorbing on Mg-chl (a), H-chl (b), Mg-por 
(c) and H-por (d). The absorbed sites include Mg, N and H atoms. The initial configurations of H2O are divided 
into three types: the first is that H2O is parallel to porphyrin with O atom absorbing on it; the second is that 
H2O is perpendicular to porphyrin with its H atom absorbing on it; the third is that H2O is perpendicular to 
porphyrin with its H atom absorbing on it. The binding energy is the optimal energy difference between the 
individual H2O plus porphyrin and the H2O/porphyrin.



Table S1  The dissociation energies (eV) for the •H (Ed) and the relative rates of H-O bond dissociation (S). 
The rate of H+ production in Table 1 is regarded as unit 1. The values of n, 0, 1+ and 1- represent the neutral, 
losing electron and obatining electron states of porphyrin and g-C3N4. 

Figure S11 Structures of the reaction intermediates for H2 (*H) and O2 (*OH, *O and *OOH) on pure g-C3N4.

Figure S12 Structures of the reaction intermediates for H2 (*H) and O2 (*OH, *O and *OOH) on Mg-por/g-
C3N4.
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