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Abstract:
Zeolitic imidazolate framework (ZIF) is a new class of metal organic framework (MOF) with
imidazolate ligands as linkers and metal ions as metal centers. A bismuth zeolitic imidazolate
framework (Bi-ZIF) was prepared by laser ablation in liquid environment as a physical bottom-up
method for the first time. The samples were characterized by Fourier transform infrared (FTIR)
spectroscopy for evaluation of functional groups, X-ray diffraction (XRD) for determination of
crystal structure, field emission scanning electron microscope (FESEM), and transmission electron
microscope (TEM) for investigation of morphology and size of produced nanostructures. The
antibacterial activity of samples was investigated by Escherichia coli (E. coli) as gram-negative
bacterium and Staphylococcus aureus (S. aureus) as gram-positive bacterium. Based on the results,
laser ablation is a quick, capable, clean, and simple candidate method for synthesizing different
kinds of ZIF.
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1. Introduction

Laser ablation is a very simple and clean top-down physical
method to produce nanoparticles [1, 2]. This method has
been used to develop alternative synthesis of materials in
shorter times to produce smaller, uniform, and high-purity
nanostructures in a liquid medium [1]. The ability of pulsed
lasers in material processing and especially the role of lasers
in production and modification of nanomaterials have been
repeatedly investigated. Pulsed laser is an environmentally
friendly green method with high purity nano products. The
variety of control tools such as laser flux, wavelength, pulse
width and spot size are the most important advantage of the
pulsed laser ablation method for processing nanomaterials
[3, 4].
Metal organic frameworks are hybrid organic inorganic
frameworks or coordination polymer as porous materials
[5, 6]. MOFs have attracted much attention due to their
intrinsic properties [7, 8]. These nanostructures have shown
potential applications in many fields [9–11] including lumi-
nescent [12], sensing [13], catalysis [14], storage [15, 16],

separation [17], sorbent [18, 19], drug delivery [20–22], can-
cer therapy [23], antibacterial [24–26], industrial usage [27].
Metal organic frameworks have been synthesized by dif-
ferent methods [28–32] including solution [33], solvother-
mal [34], hydrothermal [35], ionic liquids [36] microwave
[37, 38], son chemical [39], diffusion [40], electrochem-
ical [41], mechanochemical [42], laser ablation [43–45],
combination of ultrasound and microwave [46]. Zeolitic
imidazolate frameworks (ZIFs) are a subclass of MOFs with
highly desirable properties and porous crystalline structures
analogous to zeolites [47]. ZIFs are built by self-assembly
metal ions and 4-connected nets of tetrahedral units through
N atoms in imidazolate through several different synthe-
sis routes [47–49]. Bismuth-based zeolitic organic frame-
work is a metal organic framework with coordination-linked
metal cages and the wide range of applications [50]. Based
on the previous reports, laser abrasion was used to prepare
MOFs based on zinc [51, 52], bismuth [53], copper [43],
europium [44], zeolite imidazolate framework-67 (ZIF-67)
[54], and copper imidazole [55]. This paper is the first de-
tailed report on synthesizing bismuth zeolitic imidazolate
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Figure 1. For MOF (a) scheme diagram of experimental setup, and (b) final sample with laser ablation method in liquid.

frameworks MOF by laser ablation method as quick, ca-
pable, easy, fast, and environmentally friendly method to
synthesis.

2. Experimental procedure
A high purity (99%) bismuth bulk was irradiated by an
Nd:YAG, Q-switched pulsed laser (λ = 1064 nm) with 7
ns pulse duration and a repetition rate of 10 Hz. Materials
including bismuth target for preparation of Bi3+ ion as a
connector center, 2-Methylimidazole (2MIm) as a bridging
ligand, and methanol (MeOH) as a solvent were purchased

from Merck (Darmshtadt Germany).
Bismuth target was placed on the bottom of an open glass
cylindrical vessel filled with 20 mL of 0.821 g 2MIm solu-
tion in methanol solvent. Height of liquid on the target was
6 mm. 2000 laser pulse was used to produce nanostructures
in liquid environments with various 2MIm amount. Laser
beam of 6 mm in diameter was focused on the surface of
target by means of a 100 mm convex lens. Spot size of
laser on the surface of target was estimated to be about 30
µm. The scheme and the final sample with laser ablation
method in liquid are shown in Figure 1. There are 3 samples

Figure 2. FTIR spectrum of samples at different ligand concentrations (a) 0.919 g, (b) 0.517 g, (c) and 1.642 g.
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Figure 3. XRD pattern of samples at different ligand concentrations (a) 0.919 g, (b) 0.517 g, (c) and 1.642 g.

at different ligand concentrations of 0.517, 0.919, and 1.642
gr. As soon as the ablation starts, the solution changes its
color and the precipitation of a solid occurs.
The samples were characterized by FTIR, XRD, FESEM,
and TEM. Fourier transform infrared spectroscopy was used
to determine the chemical bonds of samples by Spectrum
Two FTIR Spectrometer from PerkinElmer. X-ray diffrac-
tion pattern was employed for investigation of crystalline
structures of samples by of dried suspensions on Si sub-
strate. X-ray diffraction patterns were recorded by STOE
X-ray diffractometer with Cu Kα radiation (λ = 1.54060
Å). Morphology and size of samples were evaluated by FE-
SEM (SIGMA VP) and TEM (EM10C) microscopes from
Zeiss Company. To take FESEM images, few drops of sus-
pensions were dried on silicon substrate and coated with
gold thin film. For TEM images few drops of suspensions
were dried on carbon-coated copper grids. The antibacterial
activity was evaluated by disk diffusion method against Es-
cherichia coli as gram-negative bacteria (ATCC 25922) and
Staphylococcus aureus as gram-positive bacteria (ATCC

25923).

3. Results and discussion
FTIR spectra of samples were shown in Figure 2 in the
range of 400− 4000 cm−1 with KBr pellets at different
concentration of ligand. The band of about 3442 cm−1 is
assigned to asymmetric stretching of the C–H methyl group.
The observed peak due to C=N stretching is about 1602
cm−1, while the peak at about 1432 cm−1 is corresponded
to the entire traction loop. The adsorption bands at 1113
and 993 cm−1 are attributed to C-N stretching and bending,
respectively. The aromatic bending of sp2 C-H appeared at
743 and 677 cm−1 [56]. The adsorption bands at 529 cm−1

are appeared to Bi-N stretching, which bonded zinc to nitro-
gen atoms of the linkers to form a porous ZIF coordination
structure [53].
X-ray diffraction patterns of nanostructures in the range of
2θ = 5° – 80° are presented in Figure 3. XRD patterns of
samples were recorded under the low-dose liquid condition
by drying a few drops of the suspension on a silicone sub-

Figure 4. FESEM images of samples at different ligand concentrations (a) 0.919 g, (b) 0.517 g, (c) and 1.642 g.
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Figure 5. TEM images of samples at different ligand concentrations (a) 0.919 g, (b) 0.517 g, (c) and 1.642 g.

strate. The peaks are located at 2θ about 18º, 22º, and 26º,
which correspond to the (222), (114), and (134) planes re-
spectively. The intensity of the peaks depends on the angle
of irradiation and the number of samples. The intensity of
the peaks increased with the increase in the concentration
of the ligand in the liquid environment due to the increase
of the number of samples. The XRD patterns are in good
agreement with the presented patterns in previous reports
[57].
Field emission scanning electron microscope images of
nanostructures are shown at different ligand concentrations
in Figure 4. According to the results, with increasing con-
centration, the morphology changes from rod to spherical
and the number of nanostructures increases.
Transmission electron microscope images of nanostructures
are shown at different ligand concentrations in Figure 5.
The spherical nanoparticles with sizes of 82, 98, and 120
nm were observed in concentrations of 0.517, 0.919, and
1.642 gr, respectively. Based on the results, the size of
nanostructures generally increases with increasing concen-
tration.
Serial dilution titration method was used to determine the
minimum inhibitory concentration (MIC) and the minimum
bactericidal concentration (MBC) to evaluate the antibac-
terial activity of different solutions. The MHB (Mueller
Hinton Broth) medium was used overnight for the growth
of Staphylococcus aureus and Escherichia coli at 37° C.
Double serial dilutions were added to give the final inocula-
tion of 5×105 colony-forming units (CFU)/mL. MIC and
MBC of samples were determined at 37° C for 24 h (Table
1).
According to the MBC/MIC ratio, antibacterial activity can
be evaluated, which is in the MBC/MIC ≤ 4 ratio as bacte-

ricidal and in MBC/MIC > 4 as bacteriostatic effect. Based
on the results, the samples are bactericidal. Increasing the
concentration has no effect on the antibacterial properties of
two initial concentration samples and the third sample does
not have antibacterial properties. Based on the results, the
concentration of 0.517 and 0.919 gr of ligand has the same
antibacterial properties. The main mechanisms of MOF
antibacterial activity include direct contact with cell walls
and bacterial cell destruction, generation of reactive oxygen
species (ROS), and release of antimicrobial ions [58]. This
MOF can release bismuth ions and act as an antibacterial
agent. According to the results, by increasing the size to
120 nm in a concentration of 1.642 gr, antibacterial property
was not observed due to the impossibility of entering the
bacteria. The results confirm the previous report [55].

4. Conclusion
For the first time, the nano-sized Bi-ZIF was synthesized
by laser ablation method in liquid conditions. Pulsed laser
ablation was investigated as a new method for the synthesis
of bismuth zeolite imidazolate framework by bismuth target
irradiation in 2-methylimidazole solution with methanol
as the liquid environment of ablation at different ligand
concentrations. X-ray diffraction patterns confirm that
MOF nanostructures have been successfully synthesized
in all samples. Fourier transform analysis identified
functional groups in samples produced at different ligand
concentrations. TEM and SEM images show that MOF
nanostructures were prepared. Antibacterial properties
of the sample were also observed due to the presence of
bismuth ion. Therefore, the laser ablation method as an
easy, fast, and friendly environmental method has a wide
application potential in nanotechnology.

Table 1. MIC and MBC of samples

Ligand content Strains
E.Coli (ATCC 25922) S.aureus (ATCC 25923)

(gr) MIC MBC MIC MBC
µg/mL µg/mL µg/mL µg/mL

0.919 1 1 1 1
0.517 1 1 1 1
1.642 - - - -
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