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Abstract:
Metal organic frameworks (MOFs) are new drug delivery systems because they have large surface
area, tunable pore sizes, and controlled drug release. In the present work, Zn2(BDC)2(DABCO)
MOF is prepared by a quick and simple method. Then, thymol is loaded into MOF (thymol@MOF)
and its chitosan (MOF-CH) at room temperature. And finally, the release of thymol from two
samples is investigated. Chitosan polymer has been modified the MOF to develop an efficient
adsorbent for the first time and controlled release. The samples were characterized by Fourier
transform infrared (FTIR) spectroscopy for determination of functional groups, X-ray diffraction
(XRD) for evaluation of crystal structure, field emission scanning electron microscope (FESEM) for
investigation of morphology and size, and ultraviolet-visible (UV-Vis) spectroscopy for evaluation
of thymol amount. 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, thymol was successfully encapsulated in MOF and MOF-CH, and
the samples have high-efficiency antibacterial activity.
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1. Introduction

Thymol is a monoterpene phenol with antifungal, antiox-
idant and antibacterial activities [1]. Due to the presence
of phenolic hydroxyl group in its structure, thymol is able
to destroy the membrane of Gram-negative bacteria and
disturb the balance of mineral ions and pH homeostasis
inside the cytoplasm of prokaryotic cells. Also, a low con-
centration of thymol inhibited the release of enterotoxin in
Staphylococcus aureus as gram-positive bacterium [2]. The
limitation of the use of thymol is due to its low solubility
in water and the reduction of its contact with the bacteria
in water and, as a result, its inhibition efficiency. Therefore,
the expansion of thymol nanocarriers is important [3]. Chi-
tosan is a linear polysaccharide that has various applications
due to its unique solubility as well as chemical and biologi-
cal properties. This compound has many active amino side
groups that allow chemical modification and creation of a

Figure 1. Structure of thymol.

wide range of useful derivatives [4]. Chitosan nanoparticles
have been widely investigated for drug delivery due to their
biodegradability, biocompatibility, and low toxicity [5].

MOFs have recently attracted much attention as a new
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Figure 2. FTIR spectrum of (a) MOF, (b) thymol@MOF, (c) MOF-CH, and (d) thymol@MOF-CH.

class of hybrid materials consisting of the self-assembly
of metal ions (or clusters) as metal centers and ligands as
linkers [6]. These compounds are synthesized by various
methods including hydrothermal [7], solvothermal [8], so-
lution [9], ionic liquids [10], son chemical [11], microwave
[12], electrochemical [13], diffusion [14], mechanochemi-
cal [15], laser ablation [16], combination of ultrasound and
microwave [17]. Nowadays, the use of MOF as nanocarri-
ers [18, 19] and compounds with antibacterial activity [20]
has been expanded. Recently, there have been reports on
thymol loading in MOFs [21, 22]. Zn2(BDC)2(DABCO)

is a zinc metal-based MOF (Zn-MOF) with nanocarrier ap-
plications. This MOF is synthesized by self-assembly of
Zn4O units as metal center and ,4-benzenedicarboxylate and
1,4-diazabicyclo [2.2.2] octane ligands as linker and bridge
[23]. Zn2(BDC)2(DABCO) MOF can be synthesized by
solution and solvothermal method [24, 25]. In the present
study, according to functional groups, Zn2(BDC)2(DABCO)
MOF was investigated as a suitable candidate for thymol
absorption. The novelty and objectives of the article are to
investigate the possibility of encapsulation and release of
thymol as an environmentally friendly volatile antimicrobial

Figure 3. XRD pattern of (a) MOF, (b) thymol@MOF, (c) MOF-CH, and (d) thymol@MOF-CH.
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Figure 4. FESEM images of (a) MOF, (b) MOF-CH, and (c) thymol@MOF-CH.

essential oil based on the structure and interactions of pi-pi
stacking and hydrogen bond.

2. Experimental procedure
All materials used in this study, including thymol, dimethyl-
formamide (DMF), Zn acetate dehydrate (Zn(OAc)2.2H2O),
1,4 benzene dicarboxylic acid, 1, 4 diazabicyclo [2.2.2] oc-
tane, and phosphate-buffered saline (PBS), were purchased
from Merck Company (Germany), and the distilled water
used in this research was the distilled water machine of
the Pharmaceutical Sciences Laboratory of Islamic Azad
University, Tehran, Iran.
The MOF was prepared by using 0.132 g of Zn acetate dehy-
drates as the metal center, 0.1 of 1, 4 benzene dicarboxylic
acid as the bridging ligand, and 0.035 g of 1, 4 diazabicyclo
[2.2.2] octane as the chelating ligand in 25 mL DMF as the
solvent under reflux for 30 min at room temperature [24].
The white crystals were rinsed with DMF for removing the
remaining ligand and metal and dried under vacuum for 6
hours at 120º C.
To load thymol in the MOF, 5 mL of thymol (100 ppm
thymol in the water solution) was added to white MOF crys-
tals (50 mg). The reactants were sealed and stirred at 300
rpm for 30 minutes at room temperature. The solution was
centrifuged at 15000 rpm for 10 minutes and dried under
vacuum for 6 hours at 60º C. Finally, thymol-MOF was
coated with a 2 W% chitosan solution in 2 V% acetic acid,
and purified using filtration and dried in a vacuum oven
for 6 h at 60º C. According to the structure of thymol (Fig.

1) and MOF [26] and the presence of hydroxyl group and
benzene ring in these compounds, hence the interactions of
pi-pi stacking and hydrogen bond are the main factors of
drug loading according to previous articles [24, 25].
The samples were characterized by FTIR, XRD, FESEM,
and UV-Vis spectroscopy. Fourier transform infrared
spectroscopy was used to determine the chemical bonds
of samples by Spectrum Two FTIR Spectrometer from
PerkinElmer. X-ray diffraction pattern was employed for
investigation of crystalline structures of samples by of dried
suspensions on Si substrate. X-ray diffraction patterns were
recorded by STOE X-ray diffractometer with Cu Kα radi-
ation (λ = 1.54060 Å). Morphology and size of samples
were evaluated by FESEM (SIGMA VP) microscopes from
Zeiss Company. UV-Vis spectroscopy was employed to
evaluate the thymol at the maximum wavelength with the
Shimadzu model UV-1700 PharmaSpec. 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) by measuring the zone inhibition and minimum
inhibitory concentration (MIC).

3. Results and discussion
FTIR spectra of the samples are shown in Fig. 2 in the
range of 400−4000 cm−1 with KBr pellets. For pure MOF,
the absorption peak at 2900− 3800 cm−1 is due to alkyl
C–H, amine O–H, and N–H stretching. In addition, the
high and clear intensity peak at 1628 cm−1 is assigned to

Figure 5. Percentage of the cumulative thymol release from (a) MOF and (b) MOF-CH.
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Table 1. The zone inhibition and MIC

Sample
Zone inhibition MIC Zone inhibition MIC

E. coli S. aureus E. coli S. aureus
(mm) (mg/mL) (mm) (mg/mL)

Thymol 8 3 7 2
MOF 9 1 8 1

Thymol@MOF 11 1 10 1
MOF-CH 21 0.056 20 0.562

Thymol@MOF-CH 25 0.056 23 0.562

C=O stretching. At 1390 cm−1, the high intensity peak
of C=O belongs to the carboxylic acid groups. It was re-
vealed that the peak at 2370 cm−1 corresponds to environ-
ment CO2. The C=C stretching of the aromatic bands is
observed at 1582 cm−1. The peaks at 1582, 1136, 1100,
819, and 746 cm−1 are assigned with N–C–H compound of
DABCO. The results confirm the previous report [24, 25].
For thymol, the peak at 3550−3200 cm−1 is assigned with
alcohol/phenol O-H stretch. The C-H(aromatic) is assigned
at 3150−3050 cm−1. The aromatic c=c stretch is assigned
at ∼ 1500 cm−1. The CHx deformation band is specified at
1500−1400 cm−1. The results confirm the previous report
[27, 28]. For chitosan, the strong band at ∼ 3300 cm−1 is
corresponded to N-H and O-H stretching. The C-H symmet-
ric and asymmetric stretching are observed at around 2921
and 2877 cm−1, respectively. The C=O stretching of amide
I is observed at around ∼ 1645 cm−1. The C-N stretching of
amide III is assigned at 1325 cm−1. The N-H bending of the
primary amine is observed at 1589 cm−1. The CH2 bending
and CH3 symmetrical deformations are confirmed by the
presence of bands at around 1423 and 1375 cm−1, respec-
tively. The peak at 1153 cm−1 is attributed to asymmetric
stretching of the C-O-C bridge. The band at ∼ 1080 cm−1

is corresponded to C-O stretching. The results confirm the
previous report [29, 30]. FTIR analysis qualitatively shows
the functional groups.
X-ray diffraction patterns of nanostructures in the range
of 2θ = 5° - 80° are presented in Fig. 3. The XRD pat-
tern of the MOF is similar to the previous report and the
crystalline structure is preserved after the adsorption based
on the previous report [24, 25]. The XRD of chitosan ap-
proved the crystalline structure according to the previous
report with two characteristic peaks at 2θ = 10° and 20°
[30]. Therefore, the presence of chitosan reduces the crystal
structure. Based on the results, thymol has a crystalline
structure [31, 32], and the crystalline structure is reduced
due to thymol loading in samples.
FESEM shows shape and size in Fig. 4. Based on these re-
sults, the size increases slightly with the increase of thymol
and chitosan.
The percentage of the released thymol from MOF and MOF-
CH in PBS at 37° C and pH 7.4 [33–35] is shown in Fig.
5. The thymol concentration of the sample was analyzed
by UV-Vis spectroscopy. Based on the loading mechanism
and release diagram, the drug is loaded in the MOF. Ac-
cording to the results, the presence of chitosan causes a
slight increase in the percentage of thymol release. Because

chitosan covers the MOF and limits the holes in drug re-
lease [36–39]. Therefore, the controlled release system was
obtained by increasing the release time of thymol in the
presence of chitosan.
The zone inhibition and MIC are shown in Table 1. The
medium was used overnight for the growth of Staphylococ-
cus aureus and Escherichia coli at 37° C for 24 h. Based on
the results, the presence of chitosan and thymol increased
the antibacterial activity. The results confirm the previous
reports [40–42].

4. Conclusion
In this study, thymol was entrapped in the
Zn2(BDC)2(DABCO) and coated with CH for DDS.
Also, these samples showed good release performance of
thymol in PBS at pH 7.4. Its structural properties were
characterized by FTIR, XRD, and FESEM. The release
of thymol from the samples was confirmed by UV-Vis
spectroscopy. The samples showed good antibacterial
activity against E. coli as gram-negative bacteria and S.
aureus as gram-positive bacteria. Based on the results,
the presence of chitosan and thymol has a great effect
in increasing antibacterial activity. Therefore, the future
perspective based on these compounds can have a good po-
tential for the development of their antibacterial application.
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