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ABSTRACT:  
 
Zn-MOF synthesis was carried out using the solvothermal method with DMF as the solvent, and Zn-MOF was 

modified with AgNPs to produce Ag/Zn-MOF using ultrasonication. XRD analysis results indicate that 

Ag(10)/Zn-MOF and Ag(20)/Zn-MOF exhibit diffraction patterns similar to Zn-MOF but with some shifts and 

the addition of new peaks at 2θ around 38⁰ and 45⁰, characteristic of Ag2O and AgO. FTIR analysis confirms the 

successful synthesis of Zn-MOF, as evidenced by characteristic functional group vibrations observed in the 

ATR-FTIR spectrum, such as -COOsym (1584 cm-1) and -COOasym (1393 cm-1), indicating the bonding between 

carboxylate ligands and the central Zn metal, as well as Zn-O vibration (646 cm-1), indicating the presence of 

Zn4O metal clusters. After modification with AgNPs, an Ag-O peak is also detected (516 cm-1). The SEM-EDX 

analysis results indicate that Ag(20)/Zn-MOF has a cubic shape with 265-193 nm dimensions. Its form is 

heterogeneous, irregular, and rough, with AgNP aggregates measuring around 20-50 nm on the surface. TGA 

analysis results show that modifying AgNPs can enhance the thermal stability of Zn-MOF. Quantum chemical 

characteristics by the DFT method show that Ag/Zn-MOF is an excellent electron acceptor, which can increase 

the production of Reactive oxygen species (ROS), which can increase antibacterial properties.The antibacterial 

activity (in vitro) analysis data reveals that Ag(20)/Zn-MOF exhibits the highest inhibitory effect against ulcer-

causing bacteria. In conclusion, this study demonstrates that Ag(20)/Zn-MOF is effective as an antibacterial 

material for diabetic ulcers. 

 

KEYWORDS: Ag/Zn-MOF, Metal Organic Framework, DFT, Antibacterial, Ulcus Diabetic 
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INTRODUCTION :   
 

Diabetes Mellitus (DM) is a group of metabolic diseases characterized by high blood sugar levels over a 

prolonged period. Elevated blood sugar levels can lead to symptoms such as frequent urination, increased thirst, 

and heightened hunger1,2. Diabetes can cause both acute and chronic complications3. The most common 

complications in diabetic patients are pathological changes in the extremities, including foot pain and the 

development of wounds 4,5. In Indonesia, it is estimated that 17-32% of patients with DM die due to 

complications, and 15-30% of them undergo amputations as a result6. 

Complications of wounds in patients with diabetes, also known as diabetic ulcers, are usually 

characterized by pus-filled boils (PUS) caused by bacterial infections. The rapid growth of bacteria in diabetic 

wounds makes them difficult to heal. This is due to high blood sugar levels, which provide an ideal environment 

for bacterial development7. Research by Thanganadar8 found that out of 50 samples from diabetic ulcer wounds, 

85 isolates of both gram-positive and gram-negative bacteria were identified, with the majority being 

Staphylococcus aureus (38%), Pseudomonas aeruginosa (23.2%), Bacillus subtilis (21%), and Escherichia coli 

(18%). All the bacteria found were confirmed to be multi-antibiotic resistant at the wound site in diabetic 

patients. This result demonstrates the importance of developing new compounds that can be antibacterials for 

diabetic ulcers. One of the approaches being developed to address the issue of bacterial resistance in diabetic 

ulcers is the Metal-Organic Framework (MOF) development. 

MOFs are porous materials composed of metal ions or metal clusters connected by various organic 

ligands to form a framework9–11. MOFs can oxidize and depolarize the outer cell membranes of bacteria, thereby 

inhibiting bacterial protein synthesis. One type of MOF developed as an antibacterial agent is Zinc (Zn)-MOF. 

Research by AbouAitah12 has shown that MOF-74 and MOF-5 can inhibit the growth of E. Coli and K. 

Pneumonia bacteria from 80% to 99.9%. These results also demonstrate the potential of Zn-MOF in addressing 

bacterial resistance issues. 

MOF also has other advantages, namely synergistic effects when modified with other compounds. 

Research by Bashar13 shows that the modification of Zn-MOF with Fe3O4 results in a combination of properties 

from both compounds, namely nanoparticle properties and magnetic strength. Fe3O4/ZnMOF has been proven to 

have a specific surface area of 37,500 m²/g and antibacterial activity against Pseudomonas aeruginosa, shigella 

dysenteriae, Rhodococcus equi, and Streptococcus aphthae, which is higher compared to conventional 

antimicrobial drugs. These results indicate significant potential for developing and modifying MOF as 

antibacterial materials14,15. 

Nanosilver (AgNPs) has been known for its antibacterial properties for a long time due to its broad 

antibacterial spectrum and lower drug resistance16–18. The modification of Ag in MOFs has also been proven to 

enhance effectiveness in inhibiting bacterial growth. Research by Shakya19 showed that silver-modified Co-

MOF (HKUST-1) reduced 90% of Escherichia coli and Staphylococcus aureus bacteria. Similar results were 

also demonstrated by Wu20, who reported that Ag@MOF-5 could reduce 99% of E. Coli and S. aureus bacteria 

and have potential for development in the biomedical field. 

In this study, Zn-MOF will be modified with silver nanoparticles and tested for antibacterial activity 

against both gram-positive and gram-negative bacteria. The bacteria used in this study are cultured from wound 

swabs of diabetes mellitus (DM) patients at "X" Hospital in Nganjuk. Additionally, the Gaussian application 

will perform computational stability and energy interaction studies of Ag/Zn-MOF using Density Functional 

Theory (DFT)21–23. 

 

 

MATERIALS AND METHODS:  
 
Materials 
The materials used are Zinc (II) nitrate hexahydrate (Zn(NO3)2•6H2O), silver nitrate (AgNO3), and 1,4-benzene 

dicarboxylic acid (H2BDC) with a purity of 99.0%, supplied by Sigma-Aldrich; N, N-dimethylformamide 

(DMF), chloroform (CHCl3), methanol (CH3OH), BAP (Blood Agar Plate), MSA (Manitol Salt Agar), NA 

(Nutrient Agar), MCA (Mac Conkey Agar), and Mueller-Hinton Agar (MHA) with a purity of 99.0%, supplied 

by Merck.  

 
Method of Synthesis Zn-MOF 

The synthesis of Zn-MOF was carried out by modifying the research of Ediati et al.11 and Hu et al.24. 

Zn(NO3)2•6H2O and H2BDC (in a 3:1 mmol ratio) were initially reacted in 60 mL of DMF and stirred for 30 

minutes. The solution was then placed in a closed reaction vessel and heated in an oven at 120°C for 24 hours 

under static conditions. The resulting solid was decanted and washed three times with DMF and three times with 

chloroform. The solid was then dried under vacuum at 60°C until completely dry and subsequently named Zn-

MOF. 
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Method of modifying Zn-MOF with AgNPs 
The modification method of Zn-MOF with silver nanoparticles (AgNPs) was carried out by modifying the 

research of Sacourbaravi et al.25 and Hu et al.24. One gram of Zn-MOF was dissolved in chloroform and stirred 

for five days. The resulting solid was centrifuged and dried at 80°C for 24 hours. The obtained solid (0.1 gram) 

was dissolved in 10 mL of ethanol, and then AgNO3 (in ethanol) was slowly added at various concentrations 

(10 mg/mL and 20 mg/mL) using an ultrasonicator. The presence of Ag ions was measured using KCl. The 

resulting material at this stage is the modified MOF-5, referred to as Ag(10)/Zn-MOF and Ag(20)/Zn-MOF. 

 

Characterization of Zn-MOF and Ag/Zn-MOF 

The characterization of Zn-MOF and Ag/Zn-MOF materials was conducted using Powder X-ray diffraction 

(PXRD), Attenuated Total Reflectance Fourier Transform Infrared Spectroscopy (ATR FTIR), Scanning 

Electron Microscope, and Energy Dispersive X-ray Spectroscopy (SEM-EDX), as well as Thermogravimetric 

Analysis (TGA) and Differential Scanning Calorimetry (DSC). Functional group analysis was performed using 

ATR FTIR from Shimadzu Corporation, Japan, in the 400–4000 cm-1 wavenumber range. Difractogram pattern 

analysis was performed using XRD with a JEOL diffractometer using Cu Ka radiation (λ = 1.54056 Å) in the 5–

50° range. Surface morphology and elemental composition were analyzed using SEM (Zeiss EVO MA10) with 

gold coating. Thermal stability analysis was performed using TGA (Mettler Toledo). 

 

Analysis of structure and energy interactions through Density Functional Theory (DFT) study 

The modified Zn-MOF molecule with AgNPs was optimized using Gaussian 09 version 6.0. The relative 

stability was determined by calculating the minimum energy of the modified Zn-MOF with AgNPs using the 

DFT/B3LYP method and LANL2DZ basis set in Gaussian09, as per the research by Moghadam et al.26. The 

DFT results were further utilized to determine its chemical properties through analysis of the Highest Occupied 

Molecular Orbital (HOMO) and Low Unoccupied Molecular Orbital (LUMO). 

 
Identification of bacteria from diabetic ulcer patients 

Identification of bacteria from diabetic ulcer patients was conducted according to the research by Khan et al. 27 

and Bouharkat et al.28. The bacteria used in this study were cultured from wound specimens of diabetic patients 

at "X" Hospital in Nganjuk. In this stage, a modified procedure from Surya, dkk29 was used, where diabetic 

ulcer specimens (PUS specimens) were collected using the swabbing method with sterile cotton swabs three 

times. These swabs were then placed in sterile tubes containing PZ. Gram-positive bacteria were identified by 

inoculating the specimen onto Blood Agar Plate (BAP) media, followed by incubation at 37°C for 24 hours. The 

results were observed through Gram staining under a microscope, including the shape, color, arrangement, and 

staining properties. Colonies from BAP media were subsequently inoculated onto Mannitol Salt Agar (MSA) 

and Nutrient Agar (NA) media and incubated at 37°C for 24 hours. The results were observed for shape, size, 

color, edge, surface, consistency, and pigmentation. Gram-negative bacteria are identified by inoculating the 

specimen onto Mac Conkey Agar (MCA) media, followed by incubation at 37°C for 24 hours. The results are 

then subjected to Gram staining and observed under a microscope, including their shape, color, arrangement, 

and staining properties. 

 

Antibacterial activity of the causative agent of diabetic ulcers in vitro 

All formed materials, namely Zn-MOF, Ag(10)/Zn-MOF, and Ag(20)/Zn-MOF, were subsequently tested for 

antibacterial activity related to diabetic ulcers in vitro by modifying the research of Sacourbaravi et al.25 and 

Tian et al. (2022). Discs with a diameter of 6 mm were saturated in Zn-MOF, Ag(10)/Zn-MOF, and Ag(20)/Zn-

MOF solutions at a concentration of 5 mg/mL for 30 minutes. The solid MHA medium, which had been 

sterilized, was then swabbed with bacteria isolated from diabetic ulcer samples. The saturated discs were placed 

on the MHA medium previously swabbed with the bacterial suspension from the ulcer culture. In this study, 

amoxicillin discs were used as a comparison. The MHA medium was incubated for 24 hours at 37°C in an 

incubator. The formation of clear inhibition zones indicated antibacterial activity, and the results were measured 

using a caliper. 

 

RESULT:  
Synthesis of Zn-MOF and Ag/Zn-MOF 

Zn-MOF is produced by reacting Zn(NO3)2•6H2O metal and H2BDC ligand in DMF solvent using the 

solvothermal method. The presence of a white solid indicates the formation of Zn-MOF. Zn-MOF is modified 

with AgNPs by reacting Zn-MOF with AgNO3 in methanol solvent. The method used is sonication, utilizing 

ultrasonic waves. The formation of a green-brown solid indicates the successful synthesis of Ag(10)/Zn-MOF 

and Ag(20)/Zn-MOF. An illustration of the formation of Zn-MOF and Ag/Zn-MOF is shown in Figure 1.  
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Figure 1. Illustration of the Zn-MOF and Ag/Zn-MOF Synthesis Process 

 
Characterization of Zn-MOF and Ag/Zn-MOF 

Analysis of PXRD  

The comparison of diffraction patterns between Zn-MOF and Ag/Zn-MOF is shown in the figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Difractogram Patterns of Zn-MOF and Ag/Zn-MOF 

 

XRD analysis aims to determine the structure and phases of Zn-MOF and Ag/Zn-MOF. The PXRD results are 

also used to verify the successful modification of Zn-MOF with AgNPs through peak shifts, intensity changes, 

and the formation of new diffraction peaks. Figure 2 indicates that Zn-MOF exhibits characteristic peaks at 2θ = 

6.8°, 9.6°, 13.7°, 15.5°, and 19.2°. After modification with AgNPs, there are changes in the diffraction pattern 

with the addition of several new peaks. Ag(10)/Zn-MOF shows characteristic peaks at 2θ = 9.6°, 14.9°, 16.4°, 

18.5°, 38.8°, and 45.9°, while Ag(20)/Zn-MOF exhibits characteristic peaks at 2θ = 9.6°, 14.3°, 15.8°, 17.9°, 

38.2°, and 45.6°. Subsequently, the characteristic peak values (2θ) of Zn-MOF and Ag-modified Zn-MOF are 

used to calculate microstrain and grain size using Scherrer's equation. 

D = 
𝑘𝜆

𝛽 cos𝜃
 and ε = 

𝛽

4 tan𝜃
 

there are 

D = average crystallite size 

ε = microstrain 

k = Scherrer constant (0,9) 

λ = X-ray wavelength 

β = FWHM (Full Width at Half Maximum) 

θ = Bragg Angle 
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The average microstrain and grain size comparisons between Zn-MOF and Ag/ Zn-MOF are shown in figure 3. 

The respective average microstrains for Zn-MOF, Ag(10)/Zn-MOF, and Ag(20)/Zn-MOF are 7.82x10-3, 

8.34x10-3, and 11.45x10-3, while the grain sizes for Zn-MOF, Ag(10)/Zn-MOF, and Ag(20)/Zn-MOF are 47.57 

nm, 31.98 nm, and 22.56 nm, respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Comparison of microstrain and grain size of Zn-MOF and Ag/ Zn-MOF 

 

Analysis of ATR-FTIR  

The comparison of ATR-FTIR spectra between Zn-MOF and Ag/Zn-MOF is shown in Figure 4. ATR-FTIR 

analysis was conducted to identify the functional groups of Zn-MOF before and after AgNPs modification and 

to predict the success of Zn-MOF modification with AgNPs through shifts in wavenumber, intensity changes, 

and the formation of new absorption bands. Figure 4 indicates that Zn-MOF exhibits several absorption peaks at 

3605 dan 3178 cm-1 (ν-OH), 1584 cm-1 (ν-COOassym), 1547 dan 1501 cm-1 (νC=C), 1393 cm-1 (ν-COOsym), 1014 

cm-1 (νC-O) 1501 cm-1 (νC=C), 819 cm-1 (νC-C), 752 cm-1 (νC-H) serta 657 cm-1 (νZn-O). On the other hand, 

Ag(10)/Zn-MOF shows absorption peaks at 3603 and 3310 cm-1 (ν-OH), 1574 cm-1 (ν-COOassym), 1499 cm-1 

(νC=C), 1365 cm-1 (ν-COOsym), 1014 cm-1 (νC-O), 808 cm-1 (νC-C), 744 cm-1 (νC-H), 647 cm-1 (νZn-O), and 

518 cm-1 (νAg-O). In this study, the ATR-FTIR spectra of Ag(20)/Zn-MOF are similar to Ag(10)/Zn-MOF, both 

showing absorption peaks at 3602 and 3285 cm-1 (ν-OH), 1573 cm-1 (ν-COOassym), 1499 cm-1 (νC=C), 1365 cm-1 

(ν-COOsym), 1014 cm-1 (νC-O), 807 cm-1 (νC-C), 743 cm-1 (νC-H), 646 cm-1 (νZn-O), and 516 cm-1 (νAg-O). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. The ATR-FTIR Spectra of (a) Zn-MOF, (b) Ag(10)/Zn-MOF, and (c) Ag(20)/Zn-MOF 
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Analysis of SEM-EDX 

The SEM-EDX analysis aims to examine the morphology and surface structure of Zn-MOF before and after 

AgNPs modification. In this study, SEM-EDX analysis was conducted on Zn-MOF and Ag(20)/Zn-MOF to 

measure the size and distribution of AgNPs on the Zn-MOF surface, as well as to identify the elements present 

in Zn-MOF and Ag(20)/Zn-MOF. SEM images of Zn-MOF and Ag(20)/Zn-MOF are shown in Figure 5. The 

composition of elements (wt%) in Zn-MOF and Ag(20)/Zn-MOF is shown in Table 1, while the distribution of 

elements in Ag(20)/Zn-MOF is shown in Figure 6.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Analysis of Morphology of (a) Zn-MOF and (b) Ag(20)/Zn-MOF 

 

Table 1. The Composition of Elements (wt%) for Zn-MOF and Ag(20)/Zn-MOF 

Sample 
Composition of Elements (wt%) 

C H O Ag 

Zn-MOF 9.91±0.32 9.43±0.26 3.84±0.11 38.74±1.02 

Ag(20)/Zn-MOF 9.62±0.23 9.21±0.21 5.63±0.16 58.52±1.06 

 

Figure 5 reveals that Zn-MOF has a regular cubic morphology, whereas Ag(20)/Zn-MOF exhibits irregular 

morphology but still contains cubic-shaped solid particles with AgNPs distribution on the surface. The EDX 

analysis results confirm that Zn-MOF contains zinc (Zn) at 37.50 wt%, carbon (C) at 34.20 wt%, and oxygen 

(O) at 28.30 wt%, while Ag(20)/Zn-MOF includes zinc (Zn) at 54.27 wt%, carbon (C) at 23.81%, oxygen (O) at 

20.77 wt%, and silver (Ag) at 1.15%. 

 

 

 

 

 

 

 

 
 

Figure 6. The Distribution of Elements in Ag(20)/Zn-MOF 

 

Analysis of TGA  

The TGA analysis was conducted to determine the thermal stability of Zn-MOF before and after AgNPs 

modification. In this study, the impact of AgNP modification on the thermal stability of Zn-MOF was assessed 

by comparing the TGA results of Zn-MOF and Ag(20)/Zn-MOF. Figure 7 shows that Zn-MOF undergoes 

degradation at low temperatures up to 180°C, with a weight loss percentage of 22 wt%, and experiences main 

decomposition between 420°C and 550°C, with a weight loss percentage of 60 wt%. The Ag(20)/Zn-MOF 

material undergoes degradation between 420°C and 480°C, with a weight loss percentage of 50 wt%. 
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Figure 7. The TGA Result (a) Zn-MOF (b) Ag(20)/Zn-MOF 

 

Analysis of structure and energy interactions through Density Functional Theory (DFT) study 

Computational analysis using the DFT (Density Functional Theory) method was carried out to design and 

optimize Zn-MOF and Ag/Zn-MOF compounds for a broader range of applications. In this study, a LANL2DZ 

set base was used. The optimized structure of Zn-MOF and Ag/Zn-MOF by the DFT method is shown in Figure 

8. Figure 8 shows that Zn-MOF originally had a binding energy of -732.248 Kcal/mol and Ag/Zn-MOF of -

877.177 kcal/mol. AgNPs-modified Zn-MOF have a physical bond between Zn14 and Ag with a bond length of 

2.705 Å and do not significantly change the bond length of the individual Zn-MOF structures. 

 

 

 

 

 

 

 

 

 

 

 
Figure 8. The results of compound optimization using DFT with a set base of LANL2DZ: (a) Zn-MOF and (b) Ag/Zn-MOF 

 

The results of DFT analysis are then used for HOMO-LUMO analysis to determine the chemical properties of 

Zn-MOF and Ag/Zn-MOF. The results of the HOMO-LUMO analysis for the material are shown in Figure 9. 

The results of the quantum chemical descriptor show the chemical characteristics of the material, such as 

chemical potential (μ), chemical hardness (η), softness (Ѕ), electronegativity (χ) and electrophilicity (ω), as 

shown in Table 2. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 9. HOMO-LUMO surface of: a) Zn-MOF and b) Ag/Zn-MOF 
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Figure 9 shows that HOMO in Zn-MOF electrons is delocalized, especially in the central metal, namely Zn, 

while in Ag/Zn-MOF electrons are delocalized in the central metal, Zn and Ag metal. LUMO in Zn-MOF shows 

electrons delocalized in the benzene ring of the ligand, whereas in Ag/Zn-MOF, electrons are delocalized in the 

central metal Zn and Ag metal. 
 

Table 2. Quantum chemistry descriptor for Zn-MOF and Ag/Zn-MOF 

Sample ELUMO (eV) EHOMO (eV) ΔEgap (eV) μ (eV) η (eV) Ѕ (eV) χ (eV) ω (eV) 

Zn-MOF 0,014 -0,264 0,278 -0,125 0,139 0,0695 0,125 0,056 

Ag/Zn-MOF 0,004 -0,234 0,238 -0,115 0,119 0,0595 0,115 0,056 

 

Table 2 shows that the energy gap value of Zn-MOF after modification with Ag (Ag/Zn-MOF) is smaller (0.234 

eV) compared to individual Zn-MOF (0.278 eV). The chemical hardness and chemical potential values of 

Ag/Zn-MOF are 0.119 eV and -0.125, respectively, while Zn-MOF is 0.139 eV and -0.115 eV 

 

Identification of bacteria from diabetic ulcer patients 

Pus samples from diabetic ulcer patients were found to contain 1 type of gram-positive bacteria, that is 

Staphylococcus aureus, and 3 types of gram-negative bacteria, Escherichia coli, Pseudomonas aeruginosa, and 

Klebsiella spp. These results were obtained from several biochemical characteristics and bacterial staining tests 

shown in Table 3. 
Table 3. The Biochemical Characteristics and Bacterial Staining Tests From Ulcer Patients 

Test Staphylococcus aureus Escheria coli Pseudomonas aeruginosa Klebsiella spp 

Gram’stain + - - - 

Motility NM M M M 

Oksidase  - - + - 

Citrate  + - + + 

Urease  + + + + 

Catalase  + - - + 

TSI Acid/Acid Acid/Acid Alkali/Alkali Acid/Acid 

Indole Production - + - - 

Methyle red + + - - 

Glucose fermentation + + - + 

Lactose fermentation + + - + 

Staining  

 

 

 

 

 

 

   

Morphology coccus basil basil basil 

 

Test for antibacterial activity of diabetic ulcer causes in vitro  

The results of the antibacterial activity test on Zn-MOF and Ag/Zn-MOF are shown through the clear inhibition 

zone around the disc (Figure 10). In this study, the antibacterial activity of the cause of diabetic ulcers was also 

tested on amoxilin antibiotics as a comparison. Comparison of the results of the antibacterial activity test for 

diabetic ulcers on Zn-MOF, Ag(10)/Zn-MOF, Ag(20)/Zn-MOF, amoxilin, and several other active substances is 

shown in Table 3. 

 

 

 

 

 

 

 

 

 

 
Figure 10. The results of the antibacterial activity test on Zn-MOF and AgNPs modified Zn-MOF (a) Staphylococcus aureus (b) 

Escheria coli (c) Pseudomonas aeruginosa (d) Klebsiella spp 

 

Table 3 shows that Ag(20)/Zn-MOF has the greatest inhibition against bacteria that cause diabetic ulcers, 

namely 24.82 mm against Escherichia coli, 20.86 mm against Pseudomonas aeruginosa, 20.79 mm against 

Klebsiella spp and 17.30 mm against Staphylococcus aureus. When compared with other active substances, both 

plant extracts and other types of MOF, Ag/Zn-MOF has high inhibition against bacteria that cause ulcers.  
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Table 3. The Results of The Antibacterial Activity Test for Diabetic Ulcers 

Sample 
Concentration 

(mg/mL) 

Zone of inhibition (mm) 

Ref Staphylococcus 

aureus 
Escheria coli 

Pseudomonas 

aeruginosa 
Klebsiella spp 

Zn-MOF 2 13,25 15,42 13,95 17,69 This work 

Ag(10)/Zn-MOF 2 16,31 20,25 16,32 18,72 This work 

Ag(20)/Zn-MOF 2 17,30 24,82 20,86 20,79 This work 

Amoxilin 250 16,95 0 22,58 15,5 This work 

A.marmelos 100 12,2 9,1 15,1 - 30 

T.involucurata 20 3,4 2,5 3,4 1,2 31 

S.Auriculata (L) 80 11,66 9,66 11 - 32 

Zn-MOF(pyridine) 2 17 8,6 - 9,7 33 

Cu/DPA-MOF 10 18,43 16,61 - 17,04 34 

Ag/UiO-66-NH2 35 9,01 7,45 - - 35 

 

DISCUSSION: 
In this study, the formation of white solids shows the success of Zn/MOF synthesis. This result is similar 

to the research of Ediati et al11, which showed the presence of white crystals as an indicator of the formation of 

Zn-MOF. The synthesis of Ag nano-modified Zn-MOF is carried out by sonication method because ultrasonic 

waves can evenly disperse Ag metals in the MOF and direct the rapid formation of MOF nanoparticles at room 

temperature and atmospheric pressure25,36. The success of Ag/Zn-MOF synthesis is shown through the formation 

of brownish-green solids. This result is similar to the research of Hu et al.24, which shows that modification of 

Zn-MOF with AgNPs will produce dark green crystals. The discolouration of the nano-modified Zn-MOF is an 

early indication of an interaction between AgNPs and the Zn-MOF. This result is similar to Pereira et al.'s37 

research, which reported that the initial indication of MOF-74 decoration with Au and Ag nanoparticles is the 

discolouration seen in the crystals. This is due to several things, such as the Plasmonic Effect of Nano Au and 

Ag, which causes an increase in the absorption and spread of light and the distribution of Nano Au and Ag on 

the surface of MOF-74 so that it affects the optical properties of the material. 

Zn-MOF has a diffractogram pattern with characteristic peaks, according to the research of Ediati et al.11 

and Hu et al.24. These results show that Zn-MOF has been successfully synthesized. The results of XRD analysis 

show that Ag(10)/Zn-MOF and Ag(20)/Zn-MOF have a diffractogram pattern similar to Zn-MOF, but there are 

some shifts and the addition of new peaks. The peak of Zn-MOF characteristics at 2θ = 9.6⁰ is still visible in the 

Difrectogram patterns Ag(10)/Zn-MOF and Ag(20)/Zn-MOF with high intensity. This shows that the structure 

of Zn-MOF has not changed or is stable35. On the other hand, some peaks of Zn-MOF characteristics have 

shifted after the modification of the AgNPs, indicating the AgNP modification's success. This result is 

strengthened by the presence of new peaks at Ag(10)/Zn-MOF at 2θ = 38.8⁰ and 45.9⁰ and new peaks at 

Ag(20)/Zn-MOF at 2θ = 38.2⁰ and 45.6⁰ which show typical fields (111) and (200) as characteristic peaks of 

Ag2O and AgO25. This result is similar to the research of MaO et al.38, which showed that at CubpyCl/0.25Ag, 

the characteristic peaks of Cu-MOF still consistently appeared. However, there were also small peaks in the 

region of 2θ = 38.1⁰ caused by the presence of AgNPs on the surface of Cu-MOF. The peak intensity of Ag 

characteristics at Ag(10)/Zn-MOF and Ag(20)/Zn-MOF at the peaks of the regions 2θ = 38⁰ and 45⁰ may be due 

to the difference in the number of Ag nanos interacting with Zn-MOF. The peak characteristic of Zn-MOF and 

Ag/Zn-MOF was then used to calculate the microstrain value and grain size. The calculation results of the 

average microstrain and grain size show that the greater the AgNP concentration, the microstrain will increase, 

and the grain size will decrease. This is due to the presence of AgNPs on the surface of Zn-MOF, causing 

deformation of the Zn-MOF lattice, which causes crystal defects so that microstrains increase. In addition, the 

existence of AgNPs with a tiny size also causes the grain size of Ag(20)/Zn-MOF to be smaller when compared 

to others39. 

The success of Zn-MOF synthesis is shown from several characteristic functional group vibrations that 

appear on the ATR-FTIR spectra, such as O-H vibration that shows water vapour on the surface of Zn-MOF 
24,35,40 and the presence of -COOsym and –COOasym vibrations that indicate a bond between the carboxyl group of 

the ligand and the central metal Zn24. This is strengthened by the presence of Zn-O vibration in the fingerprint 

area, indicating a Zn4O metal cluster41. Other absorption bands that support the confirmation of the formation of 

Zn-MOF include C-C and C-O vibrations from benzene ligands dicarboxylates and C=C and C-H from benzene 

rings 42. Modification of Zn-MOF with AgNPs is confirmed by the shift of -COOsym and –COOasym vibrations to 

lower wave numbers due to the interaction of carbonyl groups with AgNPs24. This result is strengthened by a 

new peak in the fingerprint area, indicating AgO vibration43. The shift in the C=C and C-H absorption bands 

indicates the deformation of the benzene group in the ligan. This result is consistent with the XRD analysis, 

which shows that the modification of Zn-MOF with AgNPs has been successfully carried out. 

The results of SEM-EDX analysis show that Zn-MOF has an irregular cubic shape with a size varying 

from 355 nm to 753 nm while Ag(20)/Zn-MOF has a cubic shape with a size of 265-193 nm, but the shape is 

heterogeneous, irregular, and rougher. This result is consistent with XRD analysis, which shows that Ag(20)/Zn-
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MOF has a larger microstrain and indicates the presence of crystal defects. In addition, on the surface of 

Ag(20)/Zn-MOF, AgNPs are scattered on the surface with sizes varying from 11-60 nm. This result is also 

supported by EDX data, which shows the presence of AgNPs as an additional Ag(20)/Zn-MOF forming 

element. This is to the research of Hootifard et al.39, who reported that Co-MOF@Ag2O has a heterogeneous 

surface structure and the presence of AgNPs aggregated on the surface of Co-MOF with sizes varying from 11-

30 nm. The results of the TGA analysis showed that Zn-MOF degraded at low temperatures due to the release of 

water vapour and residual DMF solvents. In contrast, the primary degradation of Zn-MOF at high temperatures 

was caused by the release of organic groups and the decomposition of the Zn-MOF skeleton44. The results of the 

TGA Ag(20)/Zn-MOF analysis show that degradation only occurs at high temperatures because AgNPs can 

strengthen the coordination bond with the benzene dicarboxylate ligand so that Ag(20)/Zn-MOF tends to be 

more stable and has better thermal stability24,39,45. The mass of Ag(20)/Zn-MOF residue is higher than that of 

Zn-MOF due to the interaction of AgNPs in Zn-MOF46. These results also verify that modifying with AgNPs 

can improve the thermal stability of Zn-MOF. 

The results of structural optimization with DFT showed that there was an energy change after 

modification with AgNPs. This indicates an increase in the reactivity of Zn-MOF so that the modification of 

AgNPs in Zn-MOF can increase its effectiveness47. In addition, the DFT results showed no change in the 

chemical structure of Zn-MOF after the modification of AgNPs, so it did not change the physicochemical 

properties of Zn-MOF, especially as an antibacterial48. The results of the HOMO-LUMO calculation highlight 

that the presence of a second metal ion, such as Ag, can significantly alter the pattern of electronic 

delocalization in MOFs, leading to more complex and potentially stable or functional materials49. Modification 

of Zn-MOF with Ag can also lead to a reduction in HOMO and LUMO energies as well as a narrower HOMO-

LUMO energy gap due to electronic interactions, structural changes, and functionalization effects47. HOMO-

LUMO results also show a lower energy gap, indicating that the electron density can be changed more 

efficiently, thus making the molecule more polarized and reactive50. These results are supported by chemical 

hardness values that show increased reactivity and chemical potential values that show the stability of Ag/Zn-

MOF structures51. Quantum chemical characteristics data explain that the addition of AgNPs to Zn-MOF 

increases the ability of electron acceptors to be excellent so that it can increase the production of Reactive 

oxygen species (ROS), which can increase the antibacterial properties of Ag/Zn-MOF52. 

The results of bacterial identification in pus samples from Diabetes Mellitus (DM) patients showed that 4 

types of bacteria were found, namely Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, and 

Klebsiella spp. Several types of bacteria can be found in diabetic ulcer patients because ulcer wounds generally 

contain high sugar levels, making them suitable as a medium for bacterial growth. The presence of 

Staphylococcus aureus, Escherichia coli, and Klebsiella spp in diabetic ulcers is due to the presence of 

endogenous sources so that if DM patients have open wounds, Staphylococcus aureus, Escherichia coli and 

Klebsiella spp can colonize and infect diabetic ulcer wounds53,54. In addition, Staphylococcus aureus and 

Pseudomonas aeruginosa can form more resistant biofilms and can infect diabetic ulcer wounds. These results 

are by the research of Barrigah-Benissan et al.55 and Stańkowska et al56 who reported that the most common 

bacterial isolates found in the wounds of DM patients were Staphylococcus aureus and Pseudomonas 

aeruginosa. The results showed that Ag(20)/Zn-MOF had a higher antibacterial activity that causes diabetic 

ulcers when compared to Zn-MOF, amoxicillin, and other plant-active substances that have been reported. An 

illustration of the mechanism of Ag(20)/Zn-MOF as an antibacterial that causes diabetic ulcers is shown in 

Figure 11. 

 

 

 

 

 

 

 

 

Figure 11.The Illustration of Mechanism Ag(20)/Zn-MOF as an Antibacterial that Causes Diabetic Ulcers 
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Ag(20)/Zn-MOF can inhibit the growth of bacteria, including bacteria that cause diabetic ulcers, because 

MOFs have a pore structure that can adsorb and depolarize bacterial membranes 57,58. The release of the Zn 

centre metal can also lead to the formation of ROS (Reactive Oxygen Species), which can damage bacterial 

membranes and DNA59. The presence of AgNPs in Zn-MOF causes a synergistic effect, so the ability of 

Ag(20)/Zn-MOF to damage cell membranes and bacterial DNA increases. This causes the bacterial inhibition 

zone to increase. In addition, although the concentration of Ag(20)/Zn-MOF used to test the antibacterial 

activity that causes diabetic ulcers is small, the inhibitory zonat produced is the largest compared to others. 

Research Akbarzadeh18 reports that MOFs have the advantage of long persistence, so even though the dose is 

low, the antibacterial activity is higher than that of antibiotics. These results show the effectiveness of 

Ag(20)/Zn-MOF as an antibacterial material that causes diabetic ulcers.  

  

CONCLUSION:  
The results of Zn-MOF synthesis by the solvothermal method produced white crystals, while Zn-MOF modified 

with AgNPs by the ultrasonication method obtained brownish-green solids from Ag/Zn-MOF. The results of 

XRD analysis show that Ag(10)/Zn-MOF and Ag(20)/Zn-MOF have a diffractogram pattern similar to Zn-

MOF, but there are some shifts and the addition of new peaks in Ag(10)/Zn-MOF which are typical as 

characteristic peaks of Ag2O and AgO. The results of FTIR analysis The success of Zn-MOF synthesis showed 

the bond between the carboxylate group of the ligand and the central metal Zn and the presence of Zn-O 

vibration in the fingerprint region, indicating the presence of a Zn4O metal cluster. After modification with 

AgNPs, it was found that there was an Ag-O peak (516 cm-1). The results of the SEM-EDX analysis show that 

Zn-MOF has a regular cubic shape while Ag(20)/Zn-MOF has a heterogeneous, irregular, and coarser shape, 

with AgNP aggregates on the surface. The results of the TGA analysis showed that Ag nano modification can 

improve the thermal stability of Zn-MOF. The results of the DFT study show that Ag/Zn-MOF is an excellent 

electron acceptor, which can increase the production of reactive oxygen species (ROS) and increase antibacterial 

properties. The results of the antibacterial analysis showed that Ag(20)/Zn-MOF had the most significant 

inhibitory power against the bacteria that cause diabetic ulcers, namely 24.82 mm against Escherichia coli 

bacteria, 20.86 mm against Pseudomonas aeruginosa, 20.79 mm against Klebsiella spp bacteria and 17.30 mm 

against Staphylococcus aureus bacteria. Compared to other active substances, both plant extracts and other types 

of MOF, Ag(20)/Zn-MOF has the highest inhibitory power against ulcer-causing bacteria. 
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