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Abstract: Tetraaminoporphyrin (TAPP) sensitized ZIF-8 was successfully prepared by one-pot method as 
an efficient visible light photocatalyst. The prepared photocatalyst TAPP/ZIF-8 was characterized by XRD 
and SEM. The combination of TAPP and ZIF-8 enhances the absorption of visible light, effectively improves 
the electron-hole separation, and improves the photocatalytic activity under visible light. In the photocatalytic 
experiment, TAPP/ZIF-8 showed good photocatalytic performance for the removal of Rhodamine B (RhB) 
under visible light. Therefore, our work provides an efficient green photocatalyst for water treatment.  

1.Introduction 

In recent years, due to the rapid development of textile, 
automobile, electronic products, medicine and other 
industries, a large number of harmful substances are 
inevitably produced in the production process, especially 
harmful substances entering rivers, farmland, air and other 
areas closely related to life, which not only cause serious 
harm to the environment, but also pose a great threat to 
human health [1-3]. The dye molecules released during the 
production process are considered to be one of the most 
common sources of water pollution. Due to the potential 
carcinogenic threat, there is an urgent need for efficient 
and convenient methods to remove pollutants in water. As 
we all know, solar energy is an inexhaustible clean energy. 
Semiconductor photocatalysis is considered to be a green 
wastewater treatment method because solar energy can be 
used to degrade harmful pollutants. In the past few 
decades, it has been widely studied [4-5].  

As the most popular hybrid material in recent years, 
metal-organic frameworks (MOFs) have been widely used 
in photocatalytic CO2 reduction, photocatalytic water 
splitting and photocatalytic organic pollutants due to their 
unique porous structure and physicochemical properties. 
These applications are of great value to environmental 
protection and resource utilization. It also makes MOFs 
materials considered to be one of the most promising 
materials [6]. As a catalyst, the mechanism of MOFs in the 
catalytic process is different from that of traditional 
catalysts. Due to the unique surface area and porous 
structure of MOFs, CO2 or polluted water is first adsorbed 
around MOFs, and these CO2 or polluted water can enter 
the peculiar channels and pores of MOFs and interact with 
inorganic ions or organic ligands. Then under the 
conditions of light, heat, ultrasound, etc., the metal ions in 
MOFs are excited and converted into a high-energy state, 
which will react with the substances adsorbed on the 

surface or in the pore size to achieve the purpose of 
photocatalytic redox [7]. 

ZIF-8 is a porous nanomaterial assembled by metal 
clusters and organic molecules. Due to its considerable 
specific surface area and pore volume, as well as very 
stable chemical and physical properties, it has been widely 
used in photocatalysis, adsorption, energy storage and so 
on. A large number of studies have shown that ZIF-8 has 
shown very good performance in the degradation and 
adsorption of pollutants such as organic dyes. However, it 
only has ultraviolet light response, so it can only absorb 
ultraviolet light, so the utilization rate of solar energy is 
relatively low, which limits its further application in the 
field of photocatalysis [8].  

There are a large number of conjugated double bonds 
and heterocyclic structures in the molecular structure of 
porphyrin, which makes it have a wide range of absorption 
spectra [9]. Porphyrin can absorb the spectrum of visible 
light and even near infrared region, and can effectively use 
solar energy. And their chemical structure gives them high 
stability, strong biocompatibility and reusability. 
Therefore, porphyrins and their derivatives with strong 
light responsiveness have been used as sensitizers for 
many semiconductor catalysts [10-11]. 

In this work, TCPP/ZIF-8 was prepared by a simple 
one-pot synthesis, and the synergistic photocatalytic 
performance of TCPP/ZIF-8 was evaluated using the 
photocatalytic degradation of Rhodamine B (RhB) dye as 
a pollutant model. Due to its ingenious experimental ideas, 
the obtained TAPP-sensitized ZIF-8 exhibits excellent 
visible light catalytic activity. Most importantly, this study 
provides a new way for porphyrin and MOFs composite 
photocatalysts in water pollution control. 
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2. Experimental 

2.1. Materials 

Zinc acetate dihydrate, 2-methylimidazole and 4-
Nitrobenzaldehyde from Aladdin Industrial Corporation, 
nitrobenzene, lactic acid, pyrrole, Na2S·9H2O, NH4Cl, N, 
N-Dimethylformamide (DMF), methanol and 
dichloromethane were provided by Macklin Biochemical 
Co., Ltd.  

2.2 Synthesis of TAPP 

Tetranitroporphyrin (TAPP) was synthesized by the Adler 
method. The experimental synthesis route is shown in Fig. 
1. The specific process is as follows: 4-Nitrobenzaldehyde 
(4.0 g, 26.5 mmol) was added to a flask (100 mL), 
dissolved with nitrobenzene (25 mL), and lactic acid (15 
mL) was added. Under the condition of solvent reflux at 
140 °C, pyrrole (1.83 mL, 26.5 mmol) diluted with 20 mL 
of nitrobenzene was dropped, then it was heated to 140 °C 
for 2 h. After that, the temperature was reduced to 60 °C 
and 15 mL methanol was added to continue stirring for 30 
min. After the reaction, the mixture was placed overnight, 
filtered by vacuum, the filter cake was collected and 
washed with ethanol. The purple solid (1.2 g) was 
obtained by drying in a vacuum drying oven for 12 h. The 
obtained TNPP was reduced by Na2S·9H2O to obtain 
TNPP. The specific process was as follows: TNPP (0.5 g, 
0.6 mmol), Na2S·9H2O (5.2 g, 21.6 mmol) and NH4Cl 
(160 mg, 3 mmol) were added to single-mouth flask (100 
mL), it was dissolved in DMF (50 mL) and reacted at 
70 °C for 12 h. The resulting samples were then poured 
into ice water (500 mL) for sedimentation. After filtration, 
drying. The dried solid was subjected to Soxhlet extraction. 
The solvent was dichloromethane. The liquid product was 
collected and the solvent was removed by rotary 
evaporation to obtain a purple powder sample. Then it was 
separated and purified by column chromatography. The 
eluent was methanol: dichloromethane = 1: 70 (V/V). 
Remove solvent, vacuum drying purple powder was 0.316 
g, and the yield was 75 %. FT-IR (KBr pellet) ν:3437, 
3344, 3025, 1614, 1512, 1468, 1285, 966, 801, 735 cm-1. 
1H NMR (500 MHz, DMSO-d6) δ (ppm): 8.89 (s, 8H), 
7.95–7.79 (m, 8H), 7.06–6.95 (m, 8H), 5.60 (s, 8H), -2.74 
(s, 2H). 

 
Fig. 1. Synthesis route of TAPP 

2.3 Synthesis of TAPP/ZIF-8 

Zinc acetate dihydrate (0.14 g) and 2-methylimidazole 
(2.27 g) were added to 5 mL methanol, respectively, and 
stirred for 60 min to form solution a and solution b. Then 
the above two solutions were mixed and TAPP (100 mg) 
was added, and the solution c was obtained by mechanical 
stirring for 60 min at room temperature. The solution c 
was added to the autoclave and hydrothermally 
synthesized at 120 °C for 12 h. After the temperature of 
the vacuum drying oven is slowly reduced to room 
temperature, the product is collected by centrifugation and 
drying. The centrifugation process uses a large amount of 
methanol and ethanol for multiple cleaning. 

2.4 Photocatalytic experiments 

The photocatalytic performance of the samples was 
evaluated by the removal rate of RhB. The experimental 
simulated light source was Xe lamp (300 W) with a filter 
with λ>400 nm. The mass of the photocatalyst was 10 mg, 
the concentration of the simulated pollutant RhB solution 
was 1.0 × 10-5 mol/L, and the solution volume was 40 mL. 
Before using Xe lamp for illumination, in order to ensure 
the dispersion stirring, we added magnetons and stirred 
them, and carried out dark adsorption for 60 min under 
dark conditions to ensure adsorption and desorption 
equilibrium. The concentration of simulated pollutant 
RhB was detected by ultraviolet-visible 
spectrophotometer at 554 nm at different time points. 

3. Results and Discussion 

3.1. Synthesis and Characterization 

The crystal phases of ZIF-8 and TAPP/ ZIF-8 were 
characterized by XRD, and the results were shown in Fig. 
2. The XRD pattern of ZIF-8 shows a high intensity 
diffraction peak. The diffraction peaks at 10.6 °, 12.9 °, 
14.9 °, 16.6 ° and 18.2 ° correspond to the (311), (400), 
(422), (511) and (440) crystal planes of ZIF-8, 
respectively. For the XRD pattern of TAPP/ZIF-8, we 
found that the addition of TAPP did not change the 
position of any characteristic diffraction peak of ZIF-8, 
but we were surprised to find that the characteristic peak 
of TAPP/ZIF-8 obtained by one-pot method after doping 
TAPP was more obvious, showing a more stable crystal 
characteristic peak. The possible reason is that during the 
preparation of TAPP/ZIF-8 by one-pot method, two 
ligands TAPP and dimethylimidazole formed a 
competitive relationship during the growth of ZIF-8 
crystal, resulting in more complete coordination with zinc 
ions. As a result, the prepared ZIF-8 structure is more 
stable. The above results show that the ZIF-8 obtained by 
one-pot method has good crystallinity, and it is also 
proved that the introduction of TAPP will not affect the 
crystal structure of ZIF-8 in the process of preparing 
TAPP/ZIF-8 by one-pot method. 

 

E3S Web of Conferences , 02050 (2023) https://doi.org/10.1051/e3sconf/202340602050406
ICEMEE 2023

2



 

 
Fig. 2. XRD patterns of ZIF-8 (a) and TAPP/ZIF-8 (b). 

The microstructure of ZIF-8 and TAPP/ZIF-8 was 
studied by SEM. It can be seen from Fig. 3(a) that the 
prepared ZIF-8s have a diameter of about 1μm, a smooth 
surface, and a rhombic dodecahedron shape. Fig. 3(b) 
shown that the morphology of TAPP/ZIF-8 prepared by 
one-pot method did not change significantly after adding 
TAPP, and the size was also consistent with that of ZIF-8 
prepared without adding TAPP, it shows that the 
microstructure of ZIF-8 does not change after doping 
TAPP. In addition, the illustrations in the upper right 
corner of Fig. 3(a) and Fig. 3(b) are physical pictures of 
ZIF-8 and TAPP/ZIF-8. It can be seen that ZIF-8 without 
TAPP is white powder. The color is light green after the 
addition of TAPP, indicating that the addition of TAPP 
changes the color of ZIF-8, which further proves the 
effective doping of TAPP. 

 
Fig. 3. SEM images of ZIF-8 (a) and TAPP/ZIF-8 (b), the 

illustration is the corresponding physical picture photo. 

3.2. Photocatalytic activity 

In order to demonstrate the advantages of doped 
TAPP/ZIF-8 prepared by one-pot method, we evaluated 
the photocatalytic performance of three different samples 
TAPP, ZIF-8 and TAPP/ZIF-8 by the degradation rate of 
RhB. From Fig 4, it can be seen that pure TAPP exhibits a 
lower adsorption rate and degradation rate for RhB due to 
its relatively low specific surface area and the 
recombination rate of photogenerated electron-hole pairs. 
As one of the most classic members of MOFs, ZIF-8 
exhibits excellent adsorption performance for RhB., and 
the adsorption rate reached 38%. TAPP/ZIF-8 also 
showed excellent adsorption performance after doping 
TAPP, and the adsorption rate was 31%. The reason for 
the decrease may be that the doped TAPP occupies a part 
of the pore size and surface of ZIF-8, which affects the 
adsorption rate of RhB to a certain extent. In addition, 
since ZIF-8 only has ultraviolet light response ability, it 
also demonstrates a low degradation rate of RhB under 
visible light. TAPP/ZIF-8 can make full use of the visible 
light response after TAPP sensitization. As shown in Fig. 
4, TAPP/ZIF-8 exhibits the best visible light 
photocatalytic performance, and the photocatalytic 
degradation efficiency of RhB is as high as 82 % within 
120 min. 
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Fig. 4. Photocatalytic oxidation of RhB by TAPP, ZIF-8 and 

TAPP/ZIF-8 under visible light. 

4. Conclusins 

In summary, a novel green photocatalyst TAPP/ZIF-8 was 
prepared by a simple and convenient one-pot method. 
TAPP is effectively doped into the ZIF-8 structure, and the 
TAPP-sensitized ZIF-8 has a light response in the visible 
region. In addition, the heterojunction formed by the 
composite material may reduce the recombination rate of 
photogenerated electron-hole pairs in the catalyst, thereby 
enhancing the photocatalytic activity. Therefore, this study 
provides a useful method for the preparation of porphyrin 
and its derivatives with MOFs composites, making it an 
ideal photocatalyst for environmental governance, 
especially for sewage treatment. 
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