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In this report, we present a simple, swift mechanochemical
synthesis of metal–organic frameworks (MOFs) using a kitchen
grinder. By adopting this tool, we could synthesize ZIF-8, CuBTC,
and MIL-100ĲFe) in multi gram-scale and successfully employ MIL100ĲFe)-KG for the efficient (ca. 98%) removal of an organic dye
(methylene blue) from aqueous solution. In particular, we demonstrated the significance of pore aperture for effective dye adsorption by comparing the adsorption behaviours of ZIF-8-KG and
MIL-100ĲFe)-KG. We believe that this approach could be of economic interest towards the green synthesis of porous adsorbents
for waste-water treatment.

Metal–organic frameworks (MOFs)1 are considered as an
advanced class of porous materials composed of metal nodes
and organic struts. Since their discovery, MOFs have emerged
as potential materials for many appealing applications such
as gas storage, separation, heterogeneous catalysis, sensing,
and opto-electronics due to their high thermal stability, structural tunability, and porosity.2 Among a vast library of MOFs,
ZIF-8,3 CuBTC,4 and MIL-1005 have been widely investigated and applied owing to their outstanding structural features and thermo-chemical stability. However, a green, facile
synthesis route in the multi-gram scale using a commonly
available tool remains unexplored and requires prompt attention. Typically, MOF materials have been synthesized using
several synthesis methodologies such as conventional
solvothermal reactions (which require large amount of solvents), microwave-assisted sonochemical reactions (which rea
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quire high energy), and mechanochemical routes (which require use of special equipments such as a ball-mill or a screw
extruder).6 Although, the mechanochemical approach has
been proven convenient, it demands specific costly
equipments,6a which cannot be afforded by small universities
and industries for basic research purposes. Hence, the synthesis of such materials in an environment friendly manner
using minimal amount of organic solvents and commonly
available equipment is desirable. If realized, this approach
would be beneficial to researchers in poor-economy areas and
their large-scale production could be employed for important
applications including waste-water treatment. The aforementioned discussion inspired us to devote our effort towards a
feasible solution. Herein, we report, for the first time, the
multi gram-scale synthesis of three different well-known
MOFs, namely, ZIF-8, CuBTC, and MIL-100ĲFe), using a
kitchen grinder and their successful utilization for the adsorption of methylene blue (MB) dye from aqueous solution.
The literature review revealed that there has been a significant increase in the production and utilization of organic
dyes in last few decades.7a,9 Dyes are hazardous organic
compounds present in the effluents of many industries, including those of textile, leather, paper, rubber, plastics, printing, cosmetics, pharmaceuticals, and food.7,8 Moreover, dye
degradation is a tedious process because dyes present in industrial effluents are generally resistant to light, oxidizing
agents, and many chemicals. Therefore, adsorption would be
an efficient and appropriate option.7a,9 Notably, the most
commonly used dye adsorbent is activated carbon and in recent years, researchers have been exploring a handful of materials such as zeolites, silica, and alumina.9 These materials
have their own advantages as well as disadvantages in terms
of cost, stability, sludge production, environmental impact,
pretreatment requirements, feasibility, and toxic formation of
byproducts. Herein, we used mechanochemically synthesized
MIL-100ĲFe)-KG as the MB dye adsorbent from aqueous solution. We also showcased the necessity of pore aperture for
dye adsorption (MB; 0.76 nm width) by comparing the
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adsorption behaviours of MIL-100ĲFe)-KG and ZIF-8-KG. Due
to appropriate pore aperture (0.89 nm), MIL-100ĲFe)-KG displays excellent adsorption capacity of ca. 98% within 3 h.
However, under similar conditions, ZIF-8-KG failed to exhibit
adsorption ability due to a narrow pore aperture (0.34 nm).
ZIF-8-KG, CuBTC-KG, and MIL-100ĲFe)-KG were synthesized in ∼20 g scale by placing the respective organic ligands
(2-methylimidazole and 1,3,5-benzenetricarboxylic acid) and
metal salts ZnO, CuĲOAc)2·H2O, and FeĲNO3)2·9H2O, respectively, in a stainless steel kitchen grinder jar along with minimal amount (5 mL) of ethanol, N,N-dimethylformamide
(DMF), and aqueous solution of NaOH (0.4 M) respectively.
The mixture was ground at 1st level (∼500 rpm) in a kitchen
grinder and the respective samples were collected at 5, 15,
30, and 60 min time intervals (for details see section S1,
ESI†). All the powder samples of ZIF-8-KG, CuBTC-KG, and
MIL-100ĲFe)-KG were washed thoroughly, activated and
subjected to further characterizations. For comparison, we
also synthesized the aforementioned MOFs using the standard reported solvothermal method.10–12 The experimental
powder X-ray diffraction (PXRD) patterns of ZIF-8-KG,
CuBTC-KG, and MIL-100ĲFe)-KG matched well with the simulated patterns derived from the single crystal data.13–15 Three
additional peaks at 2θ of 31°, 32°, and 36° were observed for
ZIF-8-KG due to unwashed ZnO residue (Fig. 1d). Similarly,
in the case of CuBTC-KG one extra peak was seen at low 2θ
value of 6° and could not be assigned (Fig. 1e). However, for
the mechanochemically synthesized MIL-100ĲFe)-KG, all the
peaks in the PXRD pattern matched fairly well with the those
of MIL-100ĲFe) synthesized following the solvothermal
method and the simulated pattern (Fig. 1f).
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To identify the chemical functional groups present in all
three MOFs, we recorded the FT-IR spectra in the attenuated
total reflection (ATR) mode. It has been found that the characteristic band corresponding to the functional groups of
2-methylimidazole and 1,3,5-benzenetricarboxylic acid were
present in the FT-IR spectra of ZIF-8-KG, CuBTC-KG, and
MIL-100ĲFe)-KG (Fig. S2, ESI†). In order to study the thermal
stability of all three mechanochemically synthesized MOFs
(ZIF-8-KG, CuBTC-KG and MIL-100ĲFe)-KG), we performed
thermogravimetric analysis (TGA) under steady nitrogen flow
(Fig. 2b). From the data, it has been confirmed that ZIF-8-KG,
CuBTC-KG, and MIL-100ĲFe)-KG are thermally stable until
600 °C, 250 °C, and 350 °C, respectively, which is in good
agreement with the literature.16–18
The permanent porosity and pore size distribution of the
ZIF-8-KG, CuBTC-KG and MIL-100ĲFe)-KG samples were
obtained from N2 adsorption data collected at 77 K. Typical
type-I N2 adsorption isotherms were observed for all three
MOFs (ZIF-8-KG, CuBTC-KG and MIL-100ĲFe)-KG), similar
to their solvothermal congeners.15,19,20 Brunauer–Emmett–
Teller (BET) surface areas of 1024 m2 g−1 for ZIF-8-KG, 707
m2 g−1 for CuBTC-KG, and 255 m2 g−1 for MIL-100ĲFe)-KG
were obtained by using the data points on the adsorption
branch in the range of P/P0 0.01–0.20 (Fig. 2a). The pore
size distribution was calculated using the non-local density
functional theory (NLDFT) method for all three MOFs and
found to be 1.4 nm (ZIF-8-KG), 1.0 nm (CuBTC-KG), and
1.4 nm (MIL-100ĲFe)-KG), similar to the reported materials
with minor variations (section S3, ESI†).15,19,20 We reasoned that the variation in surface area and pore size in some
cases could arise due to the moderate crystallinity and

Fig. 1 Schematic representation of the mechanochemical synthesis of a) ZIF-8-KG, b) CuBTC-KG, and c) MIL-100ĲFe)-KG using kitchen grinder;
d), e), and f) comparison of the experimental PXRD patterns of ZIF-8-KG, CuBTC-KG, and MIL-100ĲFe)-KG samples, respectively, collected at
different time intervals with the corresponding solvothermally synthesized and simulated patterns (ZIF-8-KG: *ZnO and *CuBTC-KG: unknown).
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Fig. 2 a) N2 adsorption isotherms; b) thermogravimetric analysis; c–e) SEM images and f–h) TEM images of ZIF-8-KG, CuBTC-KG, and MIL100ĲFe)-KG, respectively, synthesized using a kitchen grinder.

insoluble oligomeric fragments trapped inside the pores as a
result of mechanical grinding. This is a very common and
unsolved issue often noticed during mechanochemical synthesis of porous materials.20b
The external morphology of the ZIF-8-KG, CuBTC-KG, and
MIL-100ĲFe)-KG samples was visualized using scanning
electron microscopy (SEM) and transmission electron microscopy (TEM) imaging techniques. From the images, it is clear
that the adopted synthesis using a kitchen grinder facilitated
crystal formation, and very well defined rhombic dodecahedron shaped crystals were seen for the ZIF-8-KG 60 min sample, with an average size of 100–200 nm (Fig. 2f). However, in
case of CuBTC-KG, much larger crystallites (ca. 40–50 μm)
were observed and for MIL-100ĲFe)-KG, relatively smaller crystallites (ca. <50 nm) were observed (Fig. 2d, e, g, and h).
>It is noteworthy that many dye industries usually discharge 10–15% dye into water bodies during the coloration
process; these effluents can create serious health hazards to
the living beings since most of the effluents are carcinogenic
and mutagenic in nature.21 Although a handful of materials
including porous carbons are being extensively used for the
removal of dyes from waste water, they have certain disadvantages such as slow pollutant uptake, poor uptake capacity towards hydrophilic molecules, and non-selective molecular uptake.9 Moreover, although a handful of MOFs have been
investigated for dye adsorption,5b there still remains a quest
for new advanced porous materials to widen the understanding of dye-adsorption and for developing effective removal
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technologies. Keeping this in mind, we decided to utilize our
mechanochemically synthesized MOFs for dye adsorption and
to study the influence of pore aperture on the adsorption process. All the dye adsorption experiments were conducted at
room temperature and as per the standard conditions
reported in the literature.22 As a proof of concept, MB was
chosen as the dye for the entire study; it has approximate molecular dimensions of 1.7 nm × 0.76 nm that was calculated
using Material Studio 2016 and based on the optimized structure. Herein, we chose samples of MIL-100ĲFe)-KG and ZIF-8KG, synthesized for 60 min, for the entire dye adsorption
study as both these MOFs display exceptional chemical stability in aqueous medium. Also, both these MOFs have a large
difference in their theoretical pore aperture [MIL-100ĲFe)-KG:
∼0.89 nm and ZIF-8-KG: ∼0.34 nm]; hence, these chosen systems are appropriate to study the selective adsorption behaviours. The initial dye concentration of MB was fixed to be ∼20
ppm in Milli-Q distilled water. Typically, 50 mg of MOF-KG
was added into 100 mL of the dye solution and the mixture
was stirred with a magnetic stirring bar at room temperature
at a rate of 500 rpm. At appropriate time intervals (5, 15, 30,
60, and 180 min) the samples were collected and filtered over
Whatman PTFE 0.45 μm membrane filters. The change of
concentration of dye in the filtrate was detected using a UVvis spectrophotometer. The removal efficiency of the dye was
calculated according to the following eqn (1):
Removal efficiency (%) = (C0 − C)/C0 × 100

(1)
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Fig. 3 a) and b) Comparison of UV-vis absorption spectra of aqueous solutions of MB. c) and d) Change in concentration of MB over time after
treatment with MIL-100ĲFe)-KG and ZIF-8-KG, respectively, at different time intervals, determined by the change in absorbance relative to initial
absorbance (C/C0) (Inset: real photographs of aqueous solution of MB after treatment with MIL-100ĲFe)-KG and ZIF-8-KG at different intervals
presented in min). e) and f) Schematic representation of possible mode of MB adsorption on MIL-100ĲFe)-KG and ZIF-8-KG respectively with an
emphasis on the effect of pore apertures (Pa).

where C0 and C are the concentrations of dye at initial condition and in the filtrate, respectively. To our delight, MIL100ĲFe)-KG exhibited the capacity to quickly adsorb and remove
the organic dye (MB) from water at the beginning (Fig. 3a and c
and S10, ESI†). At 5 min, MIL-100ĲFe)-KG adsorbs ca. 50% of
the dye, while ZIF-8-KG adsorbs only ca. 5%. After longer time
intervals, MIL-100ĲFe)-KG showed a linear consistency in the
adsorption until ca. 98% was adsorbed within 3 h; however, at
the end of 3 h ZIF-8-KG adsorbs negligible (ca. 3%) amount of
MB. This could be attributed due to the difference in the pore
aperture as the pore aperture (0.34 nm) of ZIF-8-KG is narrow
for MB (0.76 nm) to enter. Thus, the initial adsorption on ZIF8-KG could be the result of surface interactions and it detached
easily later on when stirred for long time. This is also clearly visualized from the UV data (Fig. 3b and d). Overall, it was clear
that the pore aperture of MOFs has a profound effect on the
dye adsorption from aqueous solution. Finally, to confirm the
reusability of MIL-100ĲFe)-KG towards multiple cycles of MB
adsorption, we washed the MB treated MIL-100ĲFe)-KG,
solvent-exchanged several times and activated to recover the
same for the next cycle of dye adsorption. In total, 3 cycles were
performed and the adsorption is found to be reversible with
slightly lower adsorption efficiencies of ca. 97.8% (1st cycle),
ca. 90.2% (2nd cycle), and ca. 92.1% (3rd cycle) as calculated
from the UV-vis spectrum (Fig. S11, ESI†). Further, to establish
the integrity of the MIL-100ĲFe)-KG, we checked the PXRD and
FT-IR of the recovered samples (Fig. S12 and S13, ESI†). From
these analyses, we found that the general characteristic features
of the recovered MIL-100ĲFe)-KG as compared to the pristine
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MIL-100ĲFe)-KG sample are mostly intact even after the 3rd cycle of dye adsorption, which strongly support the fact that the
MIL-100ĲFe)-KG can be reused as an adsorbent for several
cycles.
In summary, we introduced through this report a faster, greener, and economical method for the synthesis of MOFs in the
multi gram-scale using a kitchen grinder. Further, we showcased that the MOFs are good candidates for the selective adsorption of dye molecules if the size of the pore aperture are
appropriate based on the incoming guest. The key result was
obtained for MIL-100ĲFe)-KG, which could rapidly adsorb MB
with the maximum adsorption of ca. 98% within 3 h from
aqueous solution. However, ZIF-8-KG was not found useful for
the MB dye adsorption purposes due to its narrow pore aperture. In conclusion, we believe that our findings will open up
the exploration of new aspects towards easy, convenient, and
green synthesis of MOF materials using a common technique
and their utilization towards waste-water treatment.
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