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Introduction

MOFs are crystalline microporous materials that form a
broad crystalline network through strong bonds between metal
ions and organic ligands [1- 6]. ZIFs are a popular class of MOFs
with porous structures similar to zeolites that are made on
quadrilateral networks attached to imidazolate ligands [7-11].
They have both the advantages of zeolite (stability) and MOF
(adjustability), resulting in novel crystalline adsorbents [12, 13].
ZIF-8 is a type of extensively studied ZIF, that has a zeolite-like
structure, composed of zinc ions and imidazolate [14]. ZIF-8
has a high specific surface area, adjustable pore size, chemi-
cal stability, and also relatively high-temperature stability [14].
ZIF-8 is produced on a large scale due to its excellent features,
ease of preparation, and wide applications [15] such as catalyst
[6], adsorption [17], gas storage and separation [18], sensors
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Abstract

Zeolite Imidazolate Frameworks (ZIFs) are a subset of
Metal-Organic Framework (MOFs) with zeolite topology
that has the desired properties of both zeolite and MOFs.
They are a unique kind of nanoporous material combining
rigid characteristics of inorganic compounds and the flex-
ibility of organic linkers. In the manufacturing of electronic
devices, MOFs have opened new ways to overcome issues
of conventional materials. In this study, to investigate the
effect of synthesis conditions in morphology, size distribu-
tion, and phase crystallinity, ZIF-8 was fabricated in aqueous
or alcoholic media with different ratios of ligand/metal. It
was revealed that morphology, size distribution, and phase
crystallinity depended mostly on the type of solvent. The
ZIF-8 nanoparticles obtained in methanolic media with a
1:35 molar ratio of 2-methyl imidazole: zinc nitrate, have
the best quality.

[19], biological applications (drug delivery) [20] and removal of
contaminants [21]. ZIF-8 synthesis methods include hydro-solo
thermal [22], microwave [23], ultrasonic [24], electrochemical
[23], mechanical-chemical [25], diffusion [6] and solvent evapo-
ration [26]. The room temperature synthesis methods, which
ZIF-8 can be synthesized at a temperature lower than the boil-
ing temperature of the solution, are suggested which are much
easier and low-cost because of the omission of expensive auto-
claves [22-27].

The synthesis conditions such as type of solvent and ligand/
metal ratio have a strong impact on the physicochemical prop-
erties of ZIF-8, such as the morphology, crystallinity, and par-
ticle size. In this study, to investigate the synthesis conditions
in morphology, crystallinity, and size distribution, ZIF-8 was syn-
thesized with different molar ratios of raw materials and sol-
vents, and then the samples were characterized and compared.
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Experimental

The chemicals used in this study were of analytical grade
without any further purification. 2-methyl imidazole and zinc
nitrate hexahydrate were prepared from Merck. ZIF-8 was syn-
thesized under different conditions, according to Table 1. For a
defined amount of 2-methylimidazole, 25 mL of the solvent was
added and the resulting solution was stirred for 15 min. Then,
a certain amount of zinc nitrate hexahydrate was added to 15
mL of the solvent (methanol or deionized water) and mixed for
15 min. The two prepared solutions were mixed for 20 hr. The
resulting milky solution was centrifuged for 20 min and then
washed. Finally, the remaining material was dried in an oven at
60 °C for 24 hours and the final product was obtained. X-ray dif-
fraction (XRD) analysis was used to identify the crystalline struc-
ture using device model PW1730, topography, and morphology
were determined by scanning electron microscope (FESEM)
model MIRA3.

Table 1: Synthesis of ZIF-8 under different conditions.

sample (ZnNos)ZGHZ(()I;:I;I:::ZI;yI Imidazole Solvent
ZIF(1) 1:35 DI water
ZIF(2) 1:35 methanol
ZIF(3) 1:8 methanol
ZIF(4) 1:8 DI water

Results and discussion

The FESEM results in Figure 1, indicate the morphology and
particle size distribution of synthesized ZIF-8 samples. Accord-
ing to the FESEM images, in the ZIF(1) sample, a crystalline
structure and there are no agglomerate particles and also an
octagonal crystal is observed. In the ZIF (2), the sample has the
pores and crystalline structure with a hexagonal crystal system
as expected [28] and there is uniform particle size distribution.
In ZIF (3) the crystalline structure is almost observable but the
particles do not have a uniform size distribution. In ZIF (4) the
particles are completely agglomerated and no crystalline struc-
ture is observed. The aggregation process derived by inter-crys-
tal forces can be due to the weak separation level of the nucleus
in a high polar aqueous system suggesting the structure-direct-
ing role of the solvent [21]. The histogram of the synthesized
samples is given to investigate the particle size distribution.
According to Figure 2, the maximum particle size frequency is
about 100, 70, 90, and 120 nm, for ZIF (1), ZIF(2), ZIF(3), and
ZIF(4), respectively. It can be said that samples ZIF (1) and ZIF(4)
which synthesized from aqueous solvent have higher average
particle size compared to samples ZIF(2) and ZIF(3) which is
from the alcoholic solvent, also the histograms of these two
samples don’t have a uniform particle size distribution, while
the two samples ZIF(2) and ZIF(3) have a homogeneous particle
size distribution. Comparing the FESEM images of ZIF (1) with
ZIF(2), and ZIF(3) with ZIF(4), it can be said that the use of meth-
anol as solvent improves the uniformity of particle size distribu-
tion and so deionized water was removed from the conditions.
Furthermore, the samples synthesized in an alcoholic medium
illustrated more uniform mono-dispersed nanoparticles. Finally,
by comparing the SEM images of ZIF(1) and ZIF(2) with the SEM
images of ZIF(3) and ZIF(4), it can be said that the shape of ZIF-8
nanoparticles is variable by changing the molar ratio of metal
ion and binder (2-methyl imidazole) [29]. The molar ratio of
1:35 was chosen as the best molar ratio. As a result, according

to the results, the best ionic structure and uniform and homo-
geneous distribution are of ZIF(2), it can be said that the best
conditions include a 1: 35 molar ratio and methanol solvent.
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Figure 1: FESEM (left) and particle size distribution histogram
(right), for the synthesized ZIF-8 samples.

To identify the crystalline structure of the particles, an X-ray
diffraction pattern was taken from the samples. Then, compared
with the standard diffraction pattern, and crystalline phase is
identified. Figure 2 shows the XRD pattern different conditions
of ZIF-8 synthesized. According to the XRD results, ZIF(1), ZIF(2),
and ZIF(3) samples showed characteristic reflections at 26 an-
gles at about 7.3, 10.4, 12.7, 16.4, 18.0° correspond to soda-
lite structure of ZIF-8 [12]. Characteristic peaks of ZIF(4) peaks
were observed at 26 =11.6, 13.4, 15.8, 17.7, 18.6, 25.2, and 29.
7, which illustrate its different structure to the other samples.
On the other hand, the crystallinity of the samples was investi-
gated according to XRD results. Relative crystallinity of the ZIF-8
samples is based on the major peak at 26 value of about 7.3°
and the crystal surface (110), which is defined by the formula
(1) as follows:

Relati o Peak intencity of sample at (110) Flane (1)
elative crystallinity ="Peak intencity of reference at (110) plane
The relative crystallinities were obtained about 86.3, 100,
92.7, 2 percent for ZIF(1), ZIF(2), ZIF(3), and ZIF(4) samples,
respectively. The results illustrate that the samples synthesized
in an alcoholic medium have higher crystallinity compared with

the ones produced in an aqueous medium that is consistent
with the FESEM results.
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Figure 2: XRD analysis of ZIF-8 samples.

Figure 3 shows a proposed scheme that leads to the forma-
tion of ZIF-8. The proposed mechanism consists of three steps:
linker coordination of zinc ions centers, deprotonation of the
2-methylimidazole linker, and finally oligomerization by linking
together different centers through deprotonated 2-methylimid-
azole ligands. The methanol and water solvents are polar with
different degrees of hydrogen bond donation characteristic and
dielectric constants in solvating zinc ion, ligand, and acetate
units. The structure-directing agent role of the solvents confirm
by formation the hydrogen bonds between pyrrolic hydrogen of
imidazole ring in ligand and electronegative oxygen head of sol-
vent during ZIF-8 formation. The solvents act as mold in direct-
ing the structure through non-covalent interactions in bridg-
ing and stabilizing pores during the growth of cages [21]. The
deprotonating 2-methylimidazole (mim- ions) in the solution is
required to bridge the solvated zinc ions to form building units.
However, the deprotonation of 2-methylimidazole is not able
to occur in water because of its high pKa value equal to 14.2.
Instead, the ligand 2-methylimidazole mostly runs a hydrolysis
reaction in an aqueous solution. In an aqueous medium, revers-
ible hydrolysis of linker takes place initially which produces (H2-
methylimidazole)* and consequently increases the pH. Then
complexation of zinc ions with 2-methylimidazole linker occurs
simultaneously with reverse hydrolysis because of continuous
consumption of 2-methylimidazole and shift of equilibrium to
the left side of the hydrolysis reaction. The increase in the linker
concentration and decrease in metal/linker ratio gives rise to
an increase in the rate and extent of ligand exchange reactions
between 2-methylimidazole linkers and methanol/water/ni-
trate ligands around zinc ions. Hence a higher linker concentra-
tion will lead to a zinc ion coordination sphere, which is more
abundant in 2-methylimidazole linkers, established in a shorter
time. As a result, a higher concentration of linker coordinated
zinc ion complexes will result in an increased reaction rate of
2-methylimidazole deprotonation. These deprotonated zinc
ions complexes are vital for nucleation since a single deproton-
ated 2-methylimidazole ligand can bridge two zinc ions centers,
leading to oligomerization and therefore nucleus formation. It
is thus expected that the nucleation rate increases for higher
linker concentrations owing to the increase in the deproton-
ation rate, eventually yielding more nuclei/particles for higher
linker concentrations, and more formed nuclei lead to smaller
particles. This can be rationalized by the fact that metal and
linker constituents in the solution are to be distributed amongst

a larger number of nuclei for lower metal/linker ratios, leading
to smaller particles [31-33].
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Figure 3: The suggested mechanism of formation of ZIF-8 crys-
tals in (a) alcoholic and (b) aqueous solvents.

Conclusion

Here, to obtain the best quality of ZIF-8 in morphology, size
distribution, and phase crystallinity, it was synthesized in aque-
ous or alcoholic media with different ratios of ligand/metal. The
samples were characterized by X-ray diffraction and field emis-
sion scanning microscope. It was revealed that morphology, size
distribution, and the phase crystallinity of final products depend
mostly on the type of solvent. The ZIF-8 nanoparticles obtained
in methanolic media with a 1:35 molar ratio of 2-methyl imidaz-
ole: zinc nitrate, have the best quality.

Conflict of interest
The authors have no conflict of interest to declare.
Acknowledgment

Financial support of this work by the ACECR Institute of High-
er Education (Isfahan Branch) is gratefully appreciated.

Data availability: Not applicable.
References

1. Valizadeh B, Nguyen TN, Stylianou KCJP. Shape engineering of
metal-organic frameworks. POLYHEDRON. 2018; 145: 1-15.

2. Laybourn A, Lopez-Fernandez AM, Thomas-Hillman L, Katrib J,
Lewis W,et al. Combining continuous flow oscillatory baffled
reactors and microwave heating: Process intensification and
accelerated synthesis of metal-organic frameworks. Chemical
Engineering Journal. 2019; 356: 170-177.

3. Yap MH, Fow KL, Chen GZ. Synthesis and applications of MOF-
derived porous nanostructures. Green Energy & Environment.
2017; 3:218-245.

4, Lustig WP, Mukherjee S, Rudd ND, Desai AV, Li J, et al. Metal-
organic frameworks: functional luminescent and photonic ma-
terials for sensing applications. Chemical Society Reviews. 2022.

5. Liu Q, et al. 2016; 9: 681.

6. Gangu KK, Maddila S, Mukkamala SB, Jonnalagadda SB. A review
on contemporary Metal-Organic Framework materials. Inorgan-
ica Chimica Acta. 2016; 446: 61-74.

7. Nune SK,Thallapally PK, Dohnalkova A, Wang C, Liu J,et al. Syn-
thesis and properties of nano zeolitic imidazolate frameworks.
Chem Commun (Camb). 2010; 46: 4878-4880.

8. Mahmoodi M, Javanbakht V. Fabrication of Zn-based magnetic
zeolitic imidazolate framework bionanocomposite using basil
seed mucilage for removal of azo cationic and anionic dyes from
aqueous solution. Int J Biol Macromol. 2021; 167: 1076-1090.

Nanoscience and Nanotechnology: Open Access



MedDocs Publishers

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hadi A, et al. 2019; 1-16.

LEEYR,JANG M S, CHO HY, et al. ZIF-8: A comparison of synthe-
sis methods. Chemical Engineering Journal. 2015; 271: 276-280.

Marsiezade N, Javanbakht V. Novel hollow beads of carboxy-
methyl cellulose/ZSM-5/ZIF-8 for dye removal from aqueous
solution in batch and continuous fixed bed systems.Int J Biol
Macromol. 2020; 162: 1140-1152.

Sophia AC, Lima EC.Removal of emerging contaminants from the
environment by adsorption.Ecotoxicol Environ Saf.2018; 150:
1-17.

Andres-Garcia E, Lopez-Cabrelles J,0ar-Arteta L, Roldan-Marti-
nez B, Cano-Padilla M, et al. Cation influence in adsorptive pro-
pane/propylene separation in ZIF-8 (SOD) topology. 2019; 371:
848-856.

Liu J, Li J, Wang G, Yang W, Yang J, et al. Bioinspired zeolitic im-
idazolate framework (ZIF-8) magnetic micromotors for highly
efficient removal of organic pollutants from water. J Colloid In-
terface Sci. 2019; 555: 234-244.

Hadi A, Karimi-Sabet J, Dastbaz A. Parametric study on the
mixed solvent synthesis of ZIF-8 nano- and micro-particles for
CO adsorption: A response surface study. Front Chem Sci Eng.
2020; 4: 579-594.

Banerjee R, Phan A, Wang B, Knobler C, Furukawa H, et al. High-
throughput synthesis of zeolitic imidazolate frameworks and ap-
plication to CO2 capture. Science. 2008; 319: 939-943.

Ahmed I, Jhung SHICEJ. 2017; 310: 197-215.

Kuppler RJ, Timmons DJ, Fang QR, Li JR, Makal TA, et al. Potential
applications of metal-organic frameworks. Coordination Chem-
istry Reviews. 2009; 253: 3042-3066.

Wang H, SICCR, 2017; 349: 139-155.

Mahmoodi NM, Abdi J, Oveisi M, Asli MA, Vossoughi M. Metal-
organic framework (MIL-100 (Fe)): Synthesis, detailed photocat-
alytic dye degradation ability in colored textile wastewater and
recycling. Materials Research Bulletin. 2018; 100: 357-366.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Gao Q, J Xu, X.-H.J.C.C.R. Bu. 2019; 378: 17-31.

Park JH, Wanga JJ, Tafti N,Delaune RD.Removal of Eriochrome
Black T by sulfate radical generated from Fe-impregnated bio-
char/persulfate in Fenton-like reaction.Journal of Industrial and
Engineering Chemistry. 2019; 71: 201-2009.

Lee YR, Kim J, W-S.J.K.J.0.C.E. Ahn. 2013; 30: 1667-1680.

Ren J, Dyosiba X, Musyoka NM, Langmi HW, Mathe M, et al.
Review on the current practices and efforts towards pilot-scale
production of metal-organic frameworks (MOFs). Coordination
Chemistry Reviews. 2017; 352: 187-219.

Giménez-Marqués M, Hidalgo T, Serre C, Horcajada P. Nano-
structured metal-organic frameworks and their bio-related ap-
plications. Coordination Chemistry Reviews. 2016; 307: 342-
360.

Dey C, Kundu T, Biswal BP, Mallick A, Banerjee R. Crystalline met-
al-organic frameworks (MOFs): synthesis, structure and func-
tion. Acta Crystallogr B Struct Sci Cryst Eng Mater. 2014; 70(Pt
1): 3-10.

Lai ZJCoice, 2018; 20: 78-85.

Pan Y, Liu Y, Zeng G, Zhaoa L, Lai Z. Rapid synthesis of zeolitic
imidazolate framework-8 (ZIF-8) nanocrystals in an aqueous sys-
tem. Chemical Communications. 2011;11.

Wu CS, Xiong ZH, Lia C, Zhanga JM.Zeolitic imidazolate metal
organic framework ZIF-8 with ultra-high adsorption capac-
ity bound tetracycline in aqueous solution. RSC Adv. 2015; 5:
82127-82137.

Bao Q, et al. 2013; 37: 170-173.
Tsai CW, Langner EHJM, Materials M. 2016; 221: 8-13.

Jian M, Liu B, Liu R, Qu J, Wangc H,et al. Water-based synthesis
of zeolitic imidazolate framework-8 with high morphology level
at room temperature. RSC Adv. 2015; 5: 48433-48441.

Zhang, et al. 2018; 8: 1-7.

Nanoscience and Nanotechnology: Open Access



