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Abstract
Zinc metal oxygen framework nano particle (Zn-MOFNP) can 
be synthesized using a simple solvent free environmentally 
benign combustion method. The structural characterization of 
synthesized nano particles are carried out using XRD, FT-IR 
and SEM. The XRD results show that Zn-MOFNP is in single 
phase. The SEM results show that Zn-MOFNP is highly porous 
with nano sheet appearance. The optical characterization was 
carried out using UV and Photoluminescence 
spectrofluorimeter. The life time experiments were carried out 
using single photon counting instrument and it was about 3.8 
ns. The FT-IR studies clearly indicate the formation of the 
compound. The compound shows antibacterial and 
antimicrobial properties in par with the standard. Further 
substitution can enhance the antimicrobial properties
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Introduction
Metal-Organic Frameworks (MOFs) are emerging new class of 

functional crystalline solid-state materials. MOFs with its vast 
structural modularity, exceptional controlled porosity, make it as the 
most promising candidate to address many of the overbearing societal 
challenges pertaining to energy and environmental sustainability [1]. 
Initially, MOFs were solely based on the coordination of monodentate 
N-donor polytopic pyridine-based ligands with single metal ions [2]. 
The great variety of linear dicarboxylic ligands were used for making 
MOF and the great information gathered from obtained structures, is 

what made this platform highly sought after by researchers to identify 
the impact of functional and structural modifications on material 
properties [3].

This high degree of customizability of MOFs properties has 
attracted the interest of many researchers. To date, there are more than 
20,000 different structures of MOFs being reported and studied [4]. 
Depending on the final structures and properties, MOFs may be 
prepared using several distinct synthetic methods such as: slow 
diffusion, hydrothermal (solvothermal), electrochemical, mechanochemical, 
microwave assisted heating and ultrasound [5-10]. These synthetic 
methods and formation mechanism of MOF have been 
comprehensively reviewed by Seoane and coworkers recently [11].

In the last two decades, research interest in Metal–Organic 
Frameworks (MOFs) has grown dramatically, driven by the MOFs 
most attractive applications in gas storage and separation, 
Photosensors, chemical sensor, and heterogeneous catalyst and also in 
antimicrobial fields [12-16]. Due to the higher application of MOF in 
various fields, we would like to introduce simple, ecofriendly, solvent 
free method for the synthesis of Zn-MOF material.

Materials and Methods
The following analytical grade materials were used without further 

purification: Zinc acetate hexa hydrate Zn (CH3COO) 2.6H2O. A.C.S. 
reagent (Sigma-Aldrich, 99% purity by wt) and the glycerol 
(anhydrous) were obtained from Merck (99%). Benzene-1,4-Di-
Carboxylic acid (AR) grade (BDC) was obtained from sigma Aldrich. 
Ortho phosphoric acid obtained from sigma Aldrich was also used as 
dispersant. Time-resolved fluorescence decays were obtained by the 
Time Correlated Single-Photon Counting (TCSPC) method and the 
experimental setup is carried as reported [17]. Antimicrobial studies 
are carried out using well diffusion method.

Synthesis of zinc MOF
About 0.2 g of the zinc aceate hexa hydrate was weighed and made 

in to a paste with 2 drops of glycerol in a 50 ml silica crucible. The 
amount of glycerol used was optimized after several trials. The excess 
glycerol leads to charring of substances. The initial temperature was 
set to 50°C and the temperature was slowly raised to 300°C in the 
muffle furnace. The substance is calcinated at 300°C for 4 hrs. The 
brown crystalline Zinc–MOF powder obtained was characterized. 
Zinc-oxide and cerium oxide nanoparticles were already synthesized 
by authors and reported inthe earlier literature (Figures 1 and 2) [18].

Figure 1: (a) The synthesized Zn-MOF powder and (b) blue 
luminescence emitted by Zn-MOF.
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The similar experiment was carried out using same amount of zinc 
acetate and Benzene-1,4-Di-Carboxylic acid (BDC) with few drops of 
ortho phosphoric acid as initiator. Since phosphoric acid is a good 
initiator, we expected to get a good product [19]. The product gets 
charred and huge amount of fumes are released.

Figure 2: Shows (a,b) charred compound in the presence of ortho 
phosphoric acid.

Characterization
The surface morphology of the synthesized Zinc–MOF was 

characterized using SEM analysis. The scanning electron microscope 
used for this purpose is a Jeol-JSM-3.5 CF-Japan. The powder X-ray 
diffraction was performed using Scifert X-ray diffractometer with a 
CuKα radiation. The diffracted intensities were recorded from 10 to 
70° angle. The absorption and emission spectra were recorded using 
Perkin Elmer LS 25 spectrophotometer and Perkin Elmer LS 45 
spectro fluorimeter respectively. For the spectroscopic analysis, Zinc 
MOF sample was dispersed in HPLC methanol with the help of the 
sonicator for 10 minutes. The spectrum was recorded under room 
temperature. The life time of Zn-MOF was determined using time-
correlated single-photon-counting spectrometer. Antibacterial and 
antifungal studies are carried out using well diffusion agar–agar 
method.

Results and Discussion
The structural characterization was carried out using powder XRD. 

By application of XRD technique, substantial information is acquired 
about crystal structure, phase type and product purity. Figure 3 shows 
typical XRD pattern of the as-obtained Zn-MOF particles. As you can 
see, all peaks are distinct. Sharp peaks in this spectrum corroborate the 
crystalline structure of Zn-MOF nanoparticles.

The analysis of powder XRD pattern at room temperature was 
compared with the literature report [15]. The spectrum observed is 
similar to the literature and the substance formed is single phase with 
the hexagonal symmetry [20]. The absence of extra peak claims the 
purity of the substance and also the complete conversion of Zinc 
acetate.

FT-IR
FT-IR is used to identify the organic compounds and functional 

groups in different materials. Figure 4 shows FT-IR spectrum of Zn-
MOF nanoparticles after calcination at 300 C for 3 h in KBr matrix. 
As depicted, there is no peak due to impurities and preliminary 
reagents and it demonstrates the completion of the reaction. Also, 
various peaks were presented such as 400–1000 cm1 for Zn–O bonds, 
3000 cm-1 for OH of carboxylic acid, 1700 cm-1 for C stretching bond 
and around 1400 cm-1 for confirming the aromaticity of structure. The 
FT-IR spectrum also matches with the literature report [21].

Figure: 4 IR spectra of (a) Zinc acetate and (b) Zn-MOF. Note: 
ZnA: (       ); Sample DPT: (       ).

The reduction in peak around 3000 cm-1 indicates the formation of 
link between zinc and benzene di-carboxylic acid. The absence of 
extra peak claims the purity of the substance and also the complete 
conversion of zinc acetate.

The surface morphology of the resulting powder was examined 
using scanning electron microscope. The SEM micrographs of the Zn-
MOF powder shown in Figure 5 represent the formation in single 
phase and the constituents are Nano sheets which shows curled petal 
in a flower like appearance.

The Nano structures are of 15 nm to 25 nm in size. The advantages 
in the above reaction are no solvent, no solid by-products, economic 
and ecofriendly. The role of the glycerol is to act as an organic 
dispersant to overcome the agglomeration.

Figure 5: SEM images of Zn-MOF.
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Figure 3: XRD spectrum of Zn-MOF. Note: B:  (        ).



Optical characterization
The brown crystalline Zn MOF powder was not soluble in water

and almost in all organic solvents. Hence UV–Visible spectra were
recorded for the Zinc-MOF dispersed in methanol solution and is
represented in Figure 6. The absorption band observed at 271 nm is
the characteristic peak of Zn-MOF nanomaterial.

Figure 6: Absorption spectrum of Zinc-MOF in methanol. Note: 
Sample: (        ).

The compound was excited at 251 nm and the compound shows 
emission at 420 nm. The Zn-MOF compound shows blue emission. 
The emission spectrum was recorded at the excitation wavelength of 
251 nm using Perkin Elmer spectro fluorimeter and is represented in 
Figure 7. The strong violet emission around 420 nm is the result of 
recombination of electron between Zinc interstitial and hole in the 
valence band. It is known that the transition metal ions without any 
free electron are known to possess linker based high emissive charge. 
Thus the Zn-MOF is expected to have luminescent property apparently 
due to linker-based emission. Zn-MOF shows emission maxima at 430 
nm when excited at 372 nm.

Table 1: The fluorescence lifetime data of ZINCBDC in water.

The fluorescence decay of ZINCBDC was recorded in water after 
sonication using the time correlated single photon counting 
spectrometer with a PMT (R3237 PMT) as a detector. The time 
resolved fluorescence decay of ZINCBDC in the water was monitored 
at 410 nm by exciting at 295 nm. The fluorescence decay of 
ZINCBDC in water was given in Figure 8. The observed decay 
lifetime was compiled in Table 1.
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Figure 7: Emission spectrum of Zinc-MOF in methanol.

   Figure 8: Lifetime decay profile of Zinc-MOF in methanol. Note: 
Prompt (    ); ZINCBDC (    ).

Antibacterial studies
  Agar well diffusion method and Preparation of inoculum: Stock 
cultures were maintained at 4°c on slant of nutrient agar. Active 
cultures for experiments were prepared by transferring a loop full of 
cells from the stock cultures to test tubes of nutrient broth for bacteria 
that were incubated at 24 hrs at 37°C. The Assay was performed by 
agar well diffusion method.

Antibacterial activity
   Antibacterial activity of sample was determined by well diffusion 
method on Muller Hinton Agar (MHA) medium. The Muller Hinton 
agar medium was weighed as 3.8 gms and dissolved in 100 ml of 
distilled water and added 1 gm of agar. Then the medium is kept for 
sterilization. After sterilization the media was poured into sterile 
petriplates and were allowed to solidify for 1hr. After the medium was 
solidified, the inoculums were spread on the solid plates with sterile 
swab moistened with the bacterial suspension. Wells were made using 
cork borer. Sample (Zn-MOF) was loaded in four different 
concentrations (25,50,75 and 100) and Streptomycin (1 mg/ml-20 µl) 
loaded in respective wells. These plates were incubated for 24 hrs at 
37°C. Then the microbial growth was determined by measuring the 
diameter of zone of inhibition (Table 2 and 3) (Figure 9).

S.No A1% A2% A3% χ2

1 0.196 1.89 8.98 9.61 16.6 73.78 1.211
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Sample/
Microorganisms

Zone of Inhibition in mm

Concentrations (µ) S (20 µl)

25 50 75 100

Zn-MOF

Escherichia coli. - - 11 12 21

Bacillus cereus - 11 13 15 30

Salmonella typhi - 11 12 16 25

Figure 9: Microscopic image of Salmonella Typhi (left) and 
Escherichia coli (right) bacteria, showing their distinct morphologies 
and cellular structures.

Antifungal activity/Agar well diffusion method/Preparation 
of inoculum

Stock cultures were maintained at 4°C on slant of potato dextrose 
agar. Active cultures for experiments were prepared by transferring a 
loop full of cells from the stock cultures to test tubes of nutrient broth 
for bacteria that were incubated at 24 hrs at 37ºC. The Assay was 
performed by agar disc diffusion method.

Antifungal activity
Antifungal activity of sample was determined by well diffusion 
method on Potato Dextrose Agar (PDA) medium. The potato dextrose 
agar medium was weighed as 4.4 gms and dissolved in 100 ml of 
distilled water and add 1  gm  of  agar.  Then  the  medium  is  kept  for 

sterilization. After sterilization the media was poured in to sterile 
petriplates and were allowed to solidify for 1 hr. After the medium 
was solidified, the inoculums were spread on the solid plates with 
sterile swab moistened with the fungal suspension. Wells were made 
using cork borer. Sample (Zn-MOF) was loaded in four different 
concentrations (25,50,75 and 100) and Positive control (ketocanzole 1 
mg/ml-20 µl) was loaded in respective wells. These plates were 
incubated for 24 hrs at 37ºC. Then the microbial growth was 
determined by measuring the diameter of zone of inhibition (Table 3).

Conclusion
The present study illustrates a simple, solvent free and ecofriendly 
method for the synthesis of Zinc–MOF Nano particles through the 
direct combustion of Zinc acetate in the presence of minimum amount 
of glycerol as organic dispersant. The XRD analysis reveals that the 
Zn-MOF formed is of single phase. The SEM analysis tells us about 
the morphology of the particle which shows Nano petals likes 
structure. The porous structure depicts that Zn-MOF is a suitable 
candidate for catalysis. The characteristic peaks in the absorption and 
emission spectrum and the lifetime analysis of the compound confirms 
that the compound is a promising candidate for sensor. Zn-MOF also 
shows antibacterial and antifungal properties. Hence this is a benign 
method for the synthesis of Zn-MOF.
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Sample/
Microorganisms

Zone of Inhibition in mm

Concentrations (µl) K (20µl)

25 50 75 100

Zn-MOF

Candida albicans - - - - 18

Aspergillus niger - - - 16 16

Table 3: 1-25 µl, 2-50 µl, 3-75 µl, 4-100 and 5-ketocanzole (Control). The Zinc-MOF shows both antibacterial and antifungal activity. The 
compound shows activity on both Gram positive and Gram negative bacteria.
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