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In the class of naturally occurring porphyrins, tetrakis (4-sulfonatophenyl) porphyrin (TPPS4, H2TPP, see 

Fig. 1, top, M1) represents heterocyclic compound which is important as a potential photosensitizer for 

production of the singlet oxygen [1] (cancer photodynamic therapy).  Modeling results presented in Ref. [2] 

showed that geometry of TPPS4 molecule changes from flat (ionic form at neutral pH), to saddle-shaped 

(protonated core at moderate acidity) ionic forms (H₂TPPS₄⁴⁻, H₄TPPS₄²⁻, H₆TPPS₄⁰, and H₈TPPS₄²⁺). L-Ascorbic 

acid (vitamin C, hexuronic acid, see Fig. 1, bottom, M3) represents well-known organic material of high biological 

importance. L-Ascorbic acid could be used as antioxidant for help protect against oxidative stress in tissues and 

inflammation [3]. This work is dedicated to the study of modeling the interaction of TPPS4 (M1) and L-ascorbic 

acid (M3).  

Simulations. Several complexes such as M4 and M5 were used for simulations. 

M4= M3+M1;               M5= M3+M1+M3. 

Gaussian16 [4] package was used to establish the ground state complex structure and corresponding electronic 

excitations. Optimization in the ground electronic state has been provided using semiempirical CAM-B3LYP 

method and 6-31G(d) basis set consisting of polarization function (d). Electronic excitations were calculated 

using semiempirical TD method for singlets only. Environmental effects were included using PCM (water) routine 

for structure simulations as well as for excitations. Fig. 2a and b represents M4 complex and  M5 complex 

respectively. Both structures are presented in two projections after optimization using CAM-B3LYP/6-31G(d) 

method. Solvation effects using PCM(water) were included. Firstly, for M4 and M5 complexes, M1 monomer 

was presented in centre-unprotonated flat form (two protons at centre only) which corresponds to case of 

neutral surrounding at pH=7. M3 monomer was presented as L-ascorbic acid (two protons in positions 4 and 5). 

Successful optimization in the ground electronic state allows obtaining the weak associate without geometry 

change (M1 flat, centre protonated by two native protons) and without proton transport (M3 in form of L-

ascorbic acid, reduced form). Secondly, additional structure optimization in the first excited electronic state 

allows obtaining weak associate with geometry change (M1 saddle-shaped, centre fully protonated, four 

protons) and proton transport is present (M3 in form of L-dehydroascorbic acid, oxidized form). This final 

situation is depicted in Fig. 2. In case of M4 complex (one L-ascorbic acid), protons of L-Ascorbic acid from 

position 4 and 5 (two per one molecule)  must be shared between L-Ascorbic acid and TPPS4. In case of M5 

complex (two L-ascorbic acids), two necessary protons (one per each molecule) were present in proton transfer.  

Conclusions. Simulation of the molecular structures using quantum chemical methods allows to estimate 

most probable structures of separate monomers L-Ascorbic acid and TPPS4 as well as the complexes. Initial 

hypothesis about the role of L-Ascorbic acid as reducing agent when neighbour contact to TPPS4 is present was 

approved. In complex [L-Ascorbic acid + TPPS4 + L-Ascorbic acid], intermolecular charge transfer takes place. 

Protonation of centre of TPPS4 could be provided using two L-Ascorbic acids as the proton sources. Presence of 

L-Ascorbic acid in the solvent allows protonation reaction in form of  TPPS4→ H2TPPS4. 
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Fig. 1. Structures of monomers. 
Top – M1, Tetrakis (4-sulfonato-
phenyl) porphyrin (TPPS4, H2TPP).  
 Bottom – M3, L-Ascorbic acid 
(vitamin C, hexuronic acid). 

Fig. 2a. Complex M4=M3+M1. XY 
(top) and XZ (bottom) projections. 
Structures after optimization using 
CAM-B3LYP /6-31G(d) method. 
Solvation effects using PCM(water) 
were included. 

Fig. 2b. Complex M5=M3+M1+ 
M3. XY (top) and XZ (bottom) 
projections. Structures after 
optimization using CAM-B3LYP/6-
31G(d) method. Solvation effects 
using PCM(water) were included. 
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