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Abstract. Water-soluble porphyrins di(4-aminophenyl)-di(4-sulfophenyl)-

diphenyl-porphyrin [(SO3)2-TPP-(NH2)2](TASP) and nano-silver materials 

(AgNPs) were successfully synthesized by chemical synthesis and green synthesis 

from guava leaf extracts, respectively. The silver nanoparticle size is well 

controlled in the range of 1.1 - 1.5 nm. Then, AgNPs/TASP hybrid materials were 

successfully synthesized by different mixing methods. The UV-Vis spectrum of the 

hybrid material depends on the AgNPs:TASP mixing ratio and still shows the Soret 

peaks and Q-bands characteristic of the porphyrin family and the broad absorption 

range from 300 - 600 nm of the silver nanoparticles initial. The results of an 

antibacterial test against both gram-negative and gram-positive strains on LB agar 

showed that all samples had different antibacterial activities. In which, the 

AgNPs/TASP hybrid material has better inactivation ability than silver nano for 

both tested bacterial strains. Besides, the presence of polypyrrole conducting 

polymer (PPy) has promoted the kinetics of silver ion release, which also gives 

outstanding antibacterial results, thereby opening the potential to fabricate hybrid 

materials for antibacterial applications. 

Keywords: porphyrin, water soluble porphyrin, silver nanoparticles, antibacterial, 

polypyrrole. 

1.   Introduction 

Silver nanomaterials are of interest to researchers because of their special 

properties, such as optical properties with surface plasmons and bactericidal properties [1-5]. 

Silver nanoparticles (AgNPs) are mostly fabricated by chemical methods, due to many  
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transformation reactions, synthesis efficiency and purity are not high. Therefore, it may 

affect the bactericidal and virus-killing ability of nano silver as well as its toxicity due 

to accumulation of Ag+. The current research trend to create silver nanoparticles is 

gradually turning to a green synthesis method: using extracts from plants as reducing 

agents. This method is simple, environmentally friendly, and without harmful chemicals 

and dangerous by-products [6, 7]. 

Porphyrin family materials and their derivatives have also been studied and proven 

to have many biomedical roles thanks to their superior properties, low toxicity, 

biocompatibility, and physical, chemical, and biological unique properties such as 

applications in biodiagnostics, biomedical markers, biological imaging, antibacterial, 

cancer treatment by photodynamic and photothermal therapies [8]. The antibacterial and 

antiviral activities of the porphyrins are based on their ability to catalyze peroxidase and 

oxidase reactions, absorb photons and generate reactive oxygen species (ROS) and 

cleave the lipid component of bacterial membranes. The antibacterial activity of 

porphyrins depends on many factors such as composition, structure, photodynamic 

activity, and light excitation [9-13].  

Nanosilver and porphyrin hybrid materials have also been studied and proven to 

increase efficiency, kill bacteria, as well as have a broader antibacterial spectrum than 

the individual materials [14-16]. Most of the porphyrins with non-polar substituents 

such as alkyl, aryl... are insoluble or difficult to dissolve in water, but when adding 

highly polar or charged functional groups such as SO3
2-, COO-, SO3Na-... porphyrins 

can dissolve in water and easily interact, encapsulate and stabilize Ag nanoparticles in 

polar solutions such as water and alcohol [14, 15, 17]. Although there have been some 

published reports on the antibacterial ability of porphyrin when combined with nano 

silver, there have not been any studies on the antibacterial ability of water-soluble 

porphyrin di(4-aminophenyl)-di(4-sulfophenyl)-diphenyl-porphyrin [(SO3)2-TPP-(NH2)2] 

(TASP) when combined with silver nanoparticles was synthesized by biological 

methods [14, 15]. This is the first study on creating AgNPs/TASP hybrid materials and 

testing their antibacterial ability. Investigation of the extract of guava leaves has shown 

that the water-soluble components of the extract such as tannins, eugenol, and 

flavonoids can participate in the reduction of Ag+ to Ag0 [18]. The objective of this 

study is to create a safe, environmentally, and human-friendly hybrid nanomaterial 

based on AgNPs and porphyrin high antibacterial activity. 

2.   Content 

2.1. Materials and methods 

* Chemicals 

Chemicals used to synthesize TASP include tetraphenylporphyrin (H2TPP), purity 96%; 

HNO3 of Xilong, China 98%; sodium sulfide nonahydrate (Na2S 9H2O) of Korea, purity 

≥ 98.0%; N,N- Dimethylformamide (DMF) of Xilong, China, purity 98%; sulphuric 

acid (H2SO4) of Xilong, China, purity 98%; sodium hydroxide (NaOH) of Xilong, 

China, purity 98%. 
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Chemicals used to synthesize silver nanoparticle (AgNPs) include fresh guava 

leaves; silver nitrate (AgNO3) of Xilong, China with 98% purity; isopropyl alcohol of 

Merck with 99.8% purity; and double distilled water. 

Chemicals used to synthesize polypyrrole include pyrrole (C4H5N) of Sigma-

Aldrich with 98% purity; FeCl3 of Xilong, China with a purity of 98%. 

All chemicals and reagents were of analytical grade and used without any further 

purification. 

* AgNPs synthesis from guava leaf extract 

20 g of fresh guava leaves are washed, ground into powder, and boiled with 100 mL 

of distilled water for 30 minutes. The extract was then filtered and centrifuged at 5000 

rpm for 30 min to remove impurities. Then slowly add 0.01 M silver nitrate to the 

extract according to the volume ratio Vextract:VAg+ = 1:9 at room temperature [19] and 

stir with a magnetic stirrer for 2 hours to obtain a solution of AgNPs (Figure 1).  

 

    

Figure 1. Schematic of synthesis of AgNPs by green synthesis method 

 

* Synthesis of water-soluble porphyrin [(SO3)2-TPP-(NH2)2] (TASP) 

Water-soluble porphyrin (TASP) was synthesized according to the method of Cui, X. 

et al., 2019 (Figure 2) [20]. 

 
Figure 2. Schematic diagram of the synthesis of di(4-aminophenyl)-di(4-sulfophenyl)-

diphenyl-porphyrin [(SO3)2-TPP-(NH2)2] (TASP) [20] 
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* Synthesis of polypyrrole conducting polymer (PPy) 

Polypyrrole conducting polymer (PPy) was synthesized according to the method of 

Singh, A. et al., 2013 [21]. 

Slowly add the pyrrole solution to the iron salt solution with magnetic stirring to 

obtain a homogeneous mixture. This mixture will turn from transparent to yellow and 

then dark black. The black color of the mixture indicates that the reaction has formed 

polypyrrole. Filter and vacuum to collect polypyrrole in powder form. 

* Synthesis of AgNPs/TASP hybrid materials 

1 mL of guava leaf was extracted and mixed with 4 mL of TASP dissolved in water 

(2.35.10-5 M). Add AgNO3 solution (0.01 M) slowly to the mixture of extract and 

TASP. Centrifuge the mixture at 5000 rpm for 30 min to collect hybrid material 

between silver nanoparticles and water-soluble porphyrins (AgNPs/TASP). 

* Synthesis of AgNPs/TASP + polypyrrole (PPy) hybrid materials 

Polypyrrole (0.02 mg) powder was dispersed in 10 mL of AgNPs/TASP and 

dissolved by ultrasonic vibration to obtain AgNPs/TASP + polypyrrole (PPy) hybrid 

material at room temperature. 

* Investigate the UV-Vis absorption properties of the hybrid materials 

UV-Vis measurement was performed using a Biochrom spectrometer at the 

Vietnam Academy of Science and Technology in the spectral range from 230 to 800 

nm. Solutions of samples were prepared in quartz curves using suitable solvents. 

* Determine the particle size distribution by dynamic light scattering DLS 

Particle size measurements by DLS dynamic light scattering were performed on a 

HORIBA LB-550 instrument. The sample solutions were added to a quartz curve and 

placed into the sample chamber for measurements. 

* Test the antibacterial ability of the materials 

Escherichia coli (Gram -) and Staphylococcus aureus (Gram +) were used as 

control strains to evaluate the antibacterial ability of the synthesized materials. All 

samples (in Table 1) were tested in triplicate. 

 

Table 1. Concentrations of materials used in antimicrobial testing 

Materials Concentration 

AgNPs 0.01 M* 

AgNPs/TASP 0.01 M* 

PPy 0.004 mg/mL 

AgNPs/TASP+PPy 0.01 M* 

AgNPs + PPy 0.01 M* 

Guava leaf extract 0.2 mg/mL** 

* In which the concentration of AgNPs is calculated by the concentration  

of the reacted Ag+ solution .** Calculated above (Figure 1)  
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The procedure is as follows: Add 30 mL LB agar medium into each sterile petri 

dish; then add 100 µL of suspension for each type of bacteria (E. coli and S. aureus) and 

spread it evenly on the surface of the media plate. When the medium is solidified, use a 

0.8 cm diameter agar perforator (d) to punch each of the 5-well plates and mark the 

wells (including control and material samples); Add 150 µl of each sample solution 

(solution containing the material created above) into the respective wells. The control 

well was filled with 150 µL of sterile distilled water (negative control) or isopropanol 

(positive control); Place the petri dishes in the refrigerator at 4oC overnight so that the 

sample solutions diffuse evenly around the wells; Transfer the petri dishes to the 

incubator at 37oC for 18 - 24 hours; Check the antibacterial activity of the sample 

solutions by measuring the diameter of the sterile ring around the well (D); 

Determination of the antibacterial activity of the sample solutions (D-d). 

2.2. Results and discussion 

2.2.1. Results of the synthesis of silver nanoparticles by guava leaf extract 

Silver nanoparticles were fabricated by green synthesis as described in the methods 

section 2.1.2. To determine the formation of AgNPs, UV-Vis absorption spectroscopy 

and particle size distribution examination by DLS dynamic light scattering were applied. 

Figure 1 shows the UV-Vis absorption spectrum of silver nanoparticles prepared by 

green synthesis from guava leaf extracts with an absorption spectral range between 300 

and 600 nm, which is typical for the surface plasmon effect of the nanoparticles of Ag 

(Figure 3) [19]. On UV-Vis images, there is still strong absorption of the residual 

extract with an absorption peak of about 240 nm [22]. 

 

 

 
Figure 3. UV-Vis spectrum of AgNPs 
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Based on the UV-Vis spectrum of AgNPs materials synthesized by guava leaf 

extract, the diameter of the nanoparticles can be calculated according to the formula of 

Jain, S. and Mehata, M. S. (2017) as follows [23]:  

 

𝑑 =
ℎ𝑣𝑓

𝜋𝛥𝐸1/2
                                                              (1) 

 

Where h is Planck's constant, vf = 1.39×106 m/s is the Fermi velocity of electrons in 

bulk Ag, ΔE1/2 is the spectrum width at half-maximum (FWHM) in J units. 

The results of the analysis of particle size by spectral width ΔE1/2 showed that silver 

AgNPs synthesized by guava leaf extract had a diameter of about 1.478 nm (d = 1.478 nm). 

DLS measurement results showed that silver nanoparticles synthesized from guava 

extract had small and uniform sizes ranging from 1.1 nm to 1.5 nm (Figure 4). This 

result is consistent with the theoretical calculation results of silver nanoparticle size 

presented above. 

 

 
Figure 4. Particle size distribution of silver nanoparticles synthesized  

from guava leaf extract 

 

2.2.2. Synthesis of water-soluble porphyrins (TASP) 

The results of UV-Vis absorption spectrometry of water-soluble porphyrins (TASP) 

are shown in Figure 5. In this figure, TASP is characterized by a strong absorption peak in the 

Soret band (about 350 - 400 nm) and 3 absorption peaks in the Q-band (about 550 - 650 nm) 

(Figure 5). 
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Figure 5. UV-Vis spectrum of water-soluble porphyrins (TASP) 

 

2.2.3. Synthesis of AgNPs/TASP hybrid materials 

The UV-Vis absorption spectrum of the AgNPs/TASP hybrid material sample 

shows the appearance of all characteristic absorption peaks of the component materials 

including the Soret and Q-band bands of TASP and the broad absorption band of silver 

nanoparticles from 300 to 600 nm (Figure 6). 

 
Figure 6. UV-Vis spectrum of AgNPs/TASP hybrid materials 
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Based on the UV-Vis spectrum of AgNPs/TASP hybrid materials, the diameter of 

the nanoparticles can be calculated according to formula (1) as above. The results of 

particle size analysis by spectral width ΔE1/2 showed that the AgNPs/TASP hybrid 

material prepared by green synthesis of AgNPs from guava leaf extract had a diameter 

of about 1.24 nm (d = 1.24 nm). 

2.2.4. Antibacterial activity 

The antibacterial ability of the created materials was evaluated based on the ability 

to inhibit the growth of E. coli and S. aureus through the data on the diameter of the 

sterile ring obtained in each test sample (Table 2, Figure 7). Figure 8 is a graphical 

representation of the results of the measurement of the sterile ring diameter of each 

test specimen. 

 

Table 2. Antibacterial activity test results 

Materials 
Anti-E. coli. 

Activity (D-d, cm) 

Activity against S. aureus 

(D-d, cm) 

AgNPs 2.00 1.20 

AgNPs/TASP 2.00 2.00 

TASP 0.00 0.00 

AgNPs/TASP+ PPy 2.90 1.45 

AgNPs+PPy 2.70 1.05 

Guava leaf extract 1.10 0.90 

Negative control (sterilized 

distilled water) 

0.00 0.00 

Positive control 

(isopropanol) 

1.90 1.70 

 

  
Figure 7. The image illustrates the test results for the antibacterial ability of S. aureus 

and E. coli of the materials. Control: Negative control; 1: AgNPs/TASP; 2: 

isopropanol; 3: AgNPs; 4: AgNPs/TASP + polypyrrole 
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Figure 8. Graph showing antibacterial test results 

The negative control (without antibacterial activity) and the positive control (with 

antibacterial activity) showed reliable test results of the samples. 

AgNPs samples and guava leaf extracts both showed antibacterial activity. For the 

AgNPs test sample, the activity against E. coli (diameter of the sterile ring was 2.0 cm) 

was higher than that of S. aureus (diameter of the sterile ring was 1.2 cm). 

According to studies, porphyrins have antibacterial activity only when activated by 

irradiation [13]. In this experiment, the water-soluble porphyrin sample TASP did not 

show antibacterial activity against either test strain. This is consistent with previously 

published research results. Meanwhile, the AgNPs/TASP hybrid material showed strong 

and the same activity against both tested bacterial strains (the diameter of the sterile ring 

was 2 cm). It can be seen that the hybrid material has better activity with a variety of 

bacteria than the conventional silver nanoparticle. 

Both nanosilver samples and hybrid materials with the presence of polypyrrole, a 

polymer capable of promoting the kinetics of silver ion release showed strong 

antibacterial activity and were superior to nanosilver in species E. coli and S. aureus. In 

which, the hybrid material sample with the addition of polypyrrole (diameter of sterile 

ring 2.9 cm for E. coli and 1.45 cm for S. aureus) still gave stronger activity than the 

sample with only nano silver and polypyrrole (sterile ring diameter 2.7 cm for E. coli 

and 1.05 cm for S. aureus). 



Study on the antibacterial ability of the hybrid material between porphyrin and nano silver 

99 

 

3. Conclusions 

In this work, silver nanoparticles, water-soluble porphyrins (TASP), polypyrrole, 

and some hybrid materials (AgNPs/TASP, AgNPs+PPy, AgNPs/TASP+PPy) have been 

successfully synthesized and characterized by some techniques: UV-Vis and DLS 

methods. The UV-vis spectra of TASP show two characteristic absorption spectral 

peaks: Soret (350 - 400 nm) and Q-band (550 - 650 nm). The UV-Vis spectrum of silver 

nanoparticles has a broad absorption band of 300 - 600 nm, which is typical for the 

surface plasmon resonance (SPR) of silver nanoparticles (AgNPs). In the absorption 

spectrum of the hybrid material AgNPs/TASP Soret band, Q-bands, and plasmon 

resonance peak of pristine materials were overlapped. 

The antibacterial activity of synthesized materials was tested on gram-negative and 

gram-positive bacterial strains. Hybrid materials between TASP (a water-soluble 

porphyrin derivative) and AgNPs are more resistant to E. coli and S. aureus than 

AgNPs. However, when adding polypyrrole (a polymer capable of promoting the 

release of Ag ions) to the AgNPs/TASP hybrid material, the antibacterial ability of this 

hybrid material was the highest among all the tested samples. This will open the 

direction of research, fabrication, and application of porphyrin-silver nanoparticle-

polymers hybrid materials to increase antibacterial ability compared to conventional 

AgNPs [24]. 

Acknowledgment. The work was financially supported by project No. CN20.12 granted 

by VNU-UET. 

 

REFERENCES 

 

[1] Zhao T., Sun R., Yua S. et al., 2010. Sizecontrolled preparation of silver 

nanoparticles by a modified polyol method. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, Vol. 366, pp. 197-202. 

[2] Helmlinger J., Sengstock C., Groß-Heitfeld C. et al., 2016. Silver nanoparticles 

with different size and shape: equal cytotoxicity, but different antibacterial effects. 

Advances, Vol. 6, pp. 18490-18501. 

[3] Khodashenas B. and Ghorbani H. R., 2019. Synthesis of silver nanoparticles with 

different shapes. Arabian Journal of Chemistry, Vol. 12, Iss. 8, pp. 1823-1838. 

[4] Agnihotri S., Mukherji S. and Mukherji S., 2014. Size-controlled silver 

nanoparticles synthesized over the range 5–100 nm using the same protocol and 

their antibacterial efficacy. Advances, Vol. 4, Iss. 8, pp. 3974-3983. 

[5] Fievet F., Ammar-Merah S., Brayner R. et al., 2018. The polyol process: a unique 

method for easy access to metal nanoparticles with tailored sizes, shapes and 

compositions. Chemical Society Reviews, Vol. 47, pp. 5187-5233. 

[6] An, T. N., 2016. Green synthesis of silver nano from AgNO3 and houttuynia 

cordata leaf extract. VNU Journal of Science: Natural Sciences and Technology, 

Vol. 32, No. 3, pp. 188-192 (in Vietnamese). 



V.T.Thao, H.T.Quyen2, P.T.Khanh, B.T.T.Thuy, N.X.Loc, N.D.Cuong, N.P.H.Nam and D.B. Berezin 

100 

 

[7] Wang W., Cheng X., Liao J., Lin Z., Chen L., Liu D., et al., 2019. Synergistic 

photothermal and photodynamic therapy for effective implant-related bacterial 

infection elimination and biofilm disruption using Cu9S8 nanoparticles. ACS 

Biomater. Sci. Eng., Vol. 5, pp. 6243-6253. 

[8] Huang H., Song W., Rieffel J., & Lovell J. F., 2015. Emerging applications of 

porphyrins in photomedicine. Frontiers in Physics, Vol. 3, Article 23. 

[9] Balla J., Balla G., Jeney V., Kakuk G., Jacob H. S., & Vercellotti G. M., 2000. 

Ferriporphyrins and endothelium: a 2-edged sword-promotion of oxidation and 

induction of cytoprotectants. Blood, Vol. 95, Iss. 11, pp. 3442-3450.  

[10] Beale Si, Neidhardt FC et al., 1996. Biosynthesis of hemes. In: Escherichia coli 

and Salmonella typhimurium. (Second Edition), ASM Press Washington D.C., 

USA, pp. 731-748. 

[11] Fazel-Rezai R (ed.), 2011. Biomedical Engineering - From Theory to 

Applications. IntechOpen, London, Chapter 15, pp. 355-390. 

[12] Mamone L., Ferreyra D. D., Gándara L., Di Venosa G., Vallecorsa P., Sáenz D., et al., 

2016. Photodynamic inactivation of planktonic and biofilm growing bacteria 

mediated by a meso-substituted porphyrin bearing four basic amino groups. 

Journal of Photochem. Photobiol. B, Vol. 161, pp. 222-229. 

[13] Stojiljkovic I., Evavold B. D., & Kumar V., 2001. Antimicrobial properties of 

porphyrins. In Expert Opinion on Investigational Drugs, Vol. 10, Iss. 2, pp. 309-320. 

[14] Elashnikov R., Radocha M., Panov I., Rimpelova S., Ulbrich P., Michalcova A., 

Svorcik V., & Lyutakov O., 2019. Porphyrin‑silver nanoparticles hybrids: 

Synthesis, characterization and antibacterial activity. Materials Science and 

Engineering C, Vol. 102, pp.192-199. 

[15] Shabangu S. M., Babu B., Soy R. C., Oyim J., Amuhaya E., & Nyokong T., 2020. 

Susceptibility of Staphylococcus aureus to porphyrin-silver nanoparticle mediated 

photodynamic antimicrobial chemotherapy. Journal of Luminescence, Vol. 222, 

117158. 

[16] Lyutakov O., Hejna O., Solovyev A., Kalachyova Y., & Svorcik V., 2014. 

Polymethylmethacrylate doped with porphyrin and silver nanoparticles as light-

activated antimicrobial material. RSC Advances, Vol. 4, Iss. 92, pp. 50624-50630.  

[17] Harmalkar D. S., Santosh G., Shetgaonkar S. B., Sankaralingam M., & Dhuri S. 

N., 2019. A putative heme manganese(v)-oxo species in the C–H activation and 

epoxidation reactions in an aqueous buffer. New J. Chem., Vol. 43, pp. 12900-

12906. 

[18] Parashar U. K., Kumar V. , Bera T., Saxena P. S , Nath G. , Srivastava S. K , Giri 

R. and Srivastava A., 2011. Study of mechanism of enhanced antibacterial activity 

by green synthesis of silver nanoparticles. Nanotechnology, Vol. 22, pp. 415104. 

[19] Rochlani K., Vadakkekara R., Chakraborty M. and Dasgupta S., 2016. 

Antibacterial Activity of Biostabilized Silver Nanoparticles. Indian Journal of 

Chemical Technology, Vol. 23, pp. 520-526. 



Study on the antibacterial ability of the hybrid material between porphyrin and nano silver 

101 

 

[20] Cui X., Li Y., Li Y., Qiu B., & Duan Q., 2019. Water-soluble sulfonate porphyrin 

functionalized hyaluronic acid with comb-like structure: Potential photosensitizers 

for photodynamic therapy. Dyes and Pigments, Vol. 164, pp. 237-243. 

[21] Vernitskaya T. V., Efimov O. N., 1997. Polypyrrole: a conducting polymer; its 

synthesis, properties and applications. Russian Chemical Reviews, Vol. 66, Iss. 5, 

pp. 443-457. 

[22] Han M.-R., Lee J.-S, Natural Dyeing of Fabrics with Guava (Psidium guajava L.) 

Leaf Extract - Characteristics of Guava (Psidium guajava L.) Leaf Extract and 

Dyeability with Silk Fabrics, 2011.  J. Kor. Soc. Cloth. Ind, Vol. 13, No. 5, 

pp.778-789. 

[23] Jain S. and Mehat M. S., 2017. Medicinal Plant Leaf Extract and Pure Flavonoid 

Mediated Green Synthesis of Silver Nanoparticles and their Enhanced 

Antibacterial Property. Scientific Reports, Vol. 7, pp. 15867. 

[24] Vu Thi Thao, Phan Tan Khanh, Bui Thi Thu Thuy, Nguyen Xuan Loc, Ha Thi 

Quyen, Nguyen Duc Cuong, D.B. Berezin, Antibacterial activity of hybrid 

materials based on water-soluble porphyrin and silver nanoparticles, XIV 

International conference "Synthesis and application of porphyrins and their 

analogues", Russia, 2022, pp. 26. 

 


