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Abstract
Three new nanocomposites consisting of Zn(II) metal–organic framework (Zn-MOF) and Ag nanoparticles (Ag NPs), des-
ignated as Ag NPs/Zn-MOFs 1–3, based on the used doses of  AgNO3, were fabricated. FT-IR (Fourier-transform infrared), 
PXRD (powder X-ray diffraction), SEM (scanning electron microscope), EDS (energy-dispersive X-ray spectroscopy) map-
ping, and TEM (transmission electron microscope) techniques were used for characterization of the prepared compounds. The 
obtained results have shown that the Ag NPs were successfully loaded on the Zn-MOF template. The spherical morphology 
of Ag NPs with diameter of 30–60 nm was confirmed through TEM analysis. The antibacterial activity of the synthesized 
compounds was then assessed against Staphylococcus aureus, Bacillus subtilis, Pseudomonas aeruginosa, and Escherichia 
coli, using disc diffusion method. Among the studied composites, the one with higher dose of used  AgNO3, i.e. Ag NPs/
Zn-MOF 1, had a broad-spectrum of antibacterial activity.
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1 Introduction

Metal nanoparticles have attracted a lot of interest and have 
been widely used in industrial, biological, and agricultural 
fields due to their unique electrical, optical, catalytic, and 
biological properties [1–3]. Among various metal nanopar-
ticles, silver nanoparticles (Ag NPs) owing to their fascinat-
ing features have attracted much attention for their potential 
applications in various areas, including sensing materials, 
biomedical devices, and wound dressings [4–6]. Further-
more, due to their cytotoxic effect against various bacteria, 
Ag NPs can be considered as suitable antibacterial agent 
[7–9].

However, aggregation of Ag NPs in solution and the dif-
ficulty of their recovery are considered as two of the critical 
challenges for the wide applications of these nanoparticles. 
Therefore, many strategies were used for overcoming these 
problems, among them encapsulation and immobilization 

of Ag NPs into/on various matrices were found to be more 
desired approaches [10–12].

On the other hand, metal–organic frameworks (MOFs), as 
porous organic–inorganic hybrids, have been widely applied 
as templates for immobilization of metal NPs [13–15]. 
MOFs are crystalline compounds consisting of metal ions 
and organic linkers. These structures, owing to their inter-
esting properties, such as high porosity, high surface area, 
and diversity, have attracted much attention. These materials 
can be considered as promising antibacterial materials due 
to their large pores size, which can be used to deliver thera-
peutic agents and their ability to release metal ions [16–18].

There are many studies devoted to the fabrication of 
MOF’s nanocomposites through the application of MOFs as 
templates for immobilization of metal nanoparticles. Surya 
et al. deposited Ag NPs onto UiO-66(Zr) metal–organic 
framework by the impregnation method [19]. Mahugo et al. 
prepared Ag@MIL-100(Fe) nanocomposites through differ-
ent procedures [20].

In this work, nano Zn-MOF was synthesized by an ultra-
sonic method, and Ag NPs were then deposited onto the 
Zn-MOF surface via reduction of  Ag+ ions by sodium boro-
hydride. The fabricated Ag NPs/Zn-MOF nanocomposites 
were characterized using FT-IR, PXRD, SEM, TEM, and 
EDS-mapping techniques. After structural characterization, 
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the antibacterial activity of the as-prepared compounds was 
assessed against some pathogenic bacteria.

2  Experimental

2.1  Materials and Methods

Zinc(II) nitrate hexahydrate, 2-Aminoterephthalic acid 
(2-NH2-H2BDC), ammonium sulfate, and triethylamine 
were obtained from Sigma Aldrich Company and used as 
received. Dimethylformamide (DMF), chloroform  (CHCl3), 
sodium borohydride  (NaBH4), and ethanol were purchased 
from Merck Company. The ligand 1,4-bis(4-pyridyl)-2,3-di-
aza-1,3-butadiene (4-bpdb) was prepared according to the 
previously reported procedure [21]. The FT-IR spectra of 
the samples were recorded on a Perkin Elmer spectrum two 
spectrophotometer. PXRD patterns were obtained on the 
X’Pert PRO powder diffractometer, using CuKα radiation. 
EDS-mapping and SEM images were taken using TESCAN 
MIRA3 and LEO 1455VP microscopes. TEM images were 
recorded with LEO 906E microscope.

2.2  Synthesis of Nano Zn‑MOF

4-bpdb (0.21 g, 1.0 mmol) and 2-NH2-H2BDC (0.181 g, 
1 mmol) were separately dissolved in DMF (4 mL). Then, 
these solutions were added to a solution of Zn(NO3)2·6H2O 
(0.297 g, 1.0 mmol) in DMF (3 mL) under ultrasonic irradia-
tion. After adding a solution of  Et3N (4 drops) in DMF (4 
mL) into the above solution, yellow precipitate was formed. 
The mixture was sonicated for 90 min. The product was 
filtered out, washed with DMF and EtOH, and then dried at 
60 °C for 24 h in an oven.

2.3  Fabrication of Ag NPs/Zn‑MOF Nanocomposites

Ag NPs/Zn-MOF nanocomposites were fabricated through 
encapsulating of  Ag+ ions into the framework of Zn-MOF 
and subsequent reduction of these ions. In order to obtain 
suitable Zn-MOF for loading of Ag NPs, this MOF should 
be first activated by removing the guest DMF molecules 
from its framework. Hence, the Zn-MOF was immersed 
in  CHCl3 and stirred for 5 days (the solvent was refreshed 
every 24 h). Finally, the obtained solid was centrifuged and 
dried at 80 °C for 24 h. A sample of the activated Zn-MOF 
(0.1 g) was suspended in EtOH (10 mL) under ultrasonic 
irradiation. A solution of  AgNO3 (0.037 g, 0.22 mmol) in 
EtOH (10 mL) was added to the above suspension dropwise. 
The resulted yellow suspension was stirred for 3 h, filtered, 
and washed several times with distilled water to remove any 
untreated Ag ions. KCl was used for monitoring the presence 
of free silver ion in the supernatant solution. Afterward, a 

solution of  NaBH4 (0.1 g, 2.64 mmol) in distilled water (5 
mL) was slowly added to the mixture to form Ag NPs/Zn-
MOF 1 nanocomposite as a dark powder. The product was 
then separated, washed with EtOH, and dried at 70 °C for 
24 h. Ag NPs/Zn-MOF 2 and Ag NPs/Zn-MOF 3 were also 
fabricated according to the above-described procedure, using 
0.018 and 0.009 g of  AgNO3, respectively.

2.4  Antibacterial Activity Assay

Antibacterial activity of the prepared nanocomposites was 
investigated against the gram-positive strains Staphylococ-
cus aureus ATCC 6538 and Bacillus subtilis ATCC 6633, as 
well as the gram-negative strains Pseudomonas aeruginosa 
ATCC 9027 and Escherichia coli ATCC 25922, using disc 
diffusion method. At first, the bacterial suspension (100 µL 
of a 0.5 McFarland turbidity standard) was uniformly plated 
on Muller Hinton agar (MHA, Merck) plates. In the next 
step, four concentrations (1, 2, 4, and 8 mg  mL−1) of each of 
the nanocomposites were prepared. The sterile filter paper 
discs (6 mm diameter) were saturated by 35 µL of different 
concentrations of the nanocomposites and then were placed 
on lawn cultures. The petri dishes were subsequently incu-
bated at 37 °C for 24 h and the inhibition zone around each 
disc was finally measured in mm.

3  Results and Discussion

3.1  Fabrication and Characterization of Ag NPs/
Zn‑MOF Nanocomposites

Fabrication of Ag NPs/Zn-MOF nanocomposites was per-
formed through multistep procedure. These involve, syn-
thesis of Zn-MOF, activating of the synthesized Zn-MOF, 
loading of  Ag+ on Zn-MOF, and finally reducing of  Ag+ 
ions by  NaBH4. The schematic process for the preparation 
of Ag NPs/Zn-MOF nanocomposites is given in Scheme 1. 
The obtained nanocomposites were characterized by FTIR, 
PXRD, SEM, EDS mapping, and TEM techniques.

FT-IR spectra of Zn-MOF and its nanocomposites are 
shown in Fig. 1. For pure Zn-MOF, the band at 1258  cm−1 is 
assigned to ν(C–N) of the 2-NH2-BDC2− ligand. The absorp-
tion bands at 1384  cm−1 and 1576  cm−1 are attributed to 
the vibrations of carboxylate groups. The band occurs at 
1608  cm−1 is assigned to C=N stretching vibration of the 
4-bpdb. The FT-IR spectra of the nanocomposites did not 
show significant difference from the spectrum of Zn-MOF. 
The absorptions at 3360  cm−1 and 3465  cm−1 can be attrib-
uted to the vibration of  NH2 groups [22, 23].

The loading of Ag NPs into the Zn-MOF matrix is 
confirmed by comparison of the PXRD patterns of Zn-
MOF and that of the as-fabricated nanocomposites. PXRD 



4617Journal of Inorganic and Organometallic Polymers and Materials (2020) 30:4615–4621 

1 3

patterns of the Zn-MOF and Ag NPs/Zn-MOF nanocom-
posites were shown in Fig. 2. The pure Zn-MOF exhibits 

characteristic diffraction peaks in agreement with the 
previous reports [22–24]. PXRD patterns of the Ag NPs/
Zn-MOF nanocomposites also exhibited the characteris-
tic peaks of pristine Zn-MOF and other newly revealed 
peaks at 2θ = 38.3, 44.5, 64.7, and 77.8 which can be 
respectively attributed to the (111), (200), (220), and (311) 
lattice planes of Ag NPs [25–27]. This observation dem-
onstrated the reduction of Ag ions and the loading of Ag 
NPs in/on Zn-MOF.

The morphologies of Ag NPs/Zn-MOF nanocompos-
ites were determined by SEM and TEM (Fig. 3) analy-
ses. These images exhibited that spherical Ag NPs with 
diameters of 30–60 nm are formed on the surface of the 
Zn-MOF. EDS mapping was used to confirm the Ag NPs 
loading on Zn-MOF. EDS-mapping for Ag NPs/Zn-MOF 
nanocomposites is presented in Fig. 4a–c. It clearly shows 
that the Ag NPs is uniformly distributed and successfully 
loaded on the surface of Zn-MOF.

Scheme  1  Schematic representation for the synthesis procedure of 
Ag NPs/Zn-MOF nanocomposites

Fig. 1  FT-IR spectra of Zn-MOF and the as-prepared Ag NPs/Zn-
MOF nanocomposites, red dotted lines exhibit the characteristic 
absorption peaks of Zn-MOF (Color figure online)

Fig. 2  PXRD patterns of Zn-MOF and Ag NPs/Zn-MOF nanocom-
posites
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3.2  Evaluation of the Antibacterial Activity

The results of the antibacterial activity study of the synthe-
sized nanocomposites are shown in Table 1. The growth 
inhibition that Ag NPs/Zn-MOF 1 and Ag NPs/Zn-MOF 2 
displayed against tested microorganisms was greater than 
that of pristine Zn-MOF. However, the growth inhibition 
activity of Ag NPs/Zn-MOF 3 was not appreciably differ-
ent from that of Zn-MOF. Ag NPs/Zn-MOF 1 revealed a 
broad-spectrum of antibacterial activity, so that all the tested 
strains were sensitive to this nanocomposite. It was also 
observed that S. aureus ATCC 6538 and B. subtilis ATCC 
6633 were the most sensitive bacteria to Ag NPs/Zn-MOF 1 
and, in the same time, the most resistant to Zn-MOF nano-
materials, Moreover, Ag NPs/Zn-MOF nanocomposites dis-
played dose-dependent antibacterial activity against all the 
four tested bacterial strains which is likely due to the slow 
release of silver ions from the Ag NPs/Zn-MOFs. The higher 

antimicrobial activity of Ag NPs/Zn-MOFs compared to the 
pristine Zn-MOF might be attributed to the released of silver 
ions from the surface of Ag NPs/Zn-MOFs. These ions then 
interact with the sulfur, oxygen, and nitrogen atoms of the 
essential biological molecules that support bacterial life. The 
alternative mechanism of consideration can be the interac-
tion of Ag NPs with the bacterial cells and disrupting of the 
membrane which finally resulting in the destruction of the 
bacteria [28, 29].

4  Conclusion

In this research, Ag NPs/Zn-MOFs nanocomposites were 
successfully prepared through a straightforward multistep 
procedure. PXRD analysis revealed the presence of Ag 
nanoparticles onto the Zn-MOF matrix. The size of the Ag 
NPs and their uniform distribution in the as-prepared Ag 

Fig. 3  SEM and TEM images of a Ag NPs/Zn-MOF 1, b Ag NPs/Zn-MOF 2, and c Ag NPs/Zn-MOF 3 nanocomposites
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NPs/Zn-MOF nanocomposites were clearly determined by 
TEM and EDS-mapping analyses, respectively. The antibac-
terial activity of the pristine Zn-MOF and Ag NPs/Zn-MOFs 
nanocomposites were evaluated against some gram-positive 
and gram-negative bacteria. Our findings showed that Ag 
NPs/Zn-MOF 1 nanocomposite, which contains higher 

amount of Ag NPs, exhibits broad-spectrum antibacterial 
activity. The results of this study are encouraging and Ag 
NPs loaded Zn-MOF composite can be considered as a 
potential scaffold for the development of promising anti-
bacterial agents.

Fig. 4  Zn and Ag elemental 
mapping of a Ag NPs/Zn-MOF 
1, b Ag NPs/Zn-MOF 2, and c 
Ag NPs/Zn-MOF 3 nanocom-
posites
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