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In this paper, mixed-ligand Zn-based metal-organic framework [Zn(1,3-bdc)q s(bzim)] was synthesized
via the electrochemical method. Studies on different synthesis parameters demonstrated that the time
of reaction and the current density were the most significant factors affecting the purity and yield of the
product. We found that the best conditions to obtain pure-phase MOF with high yield (87%) were a
60 mA current and a 2 h reaction time. The applied synthesis conditions allowed the reaction time and
size of the crystallites to be significantly reduced when compared to the conventional solvothermal,
hydrothermal or diffusion methods. The most promising sample was fully characterized by Powder X-ray
Diffraction (PXRD), Infrared Spectroscopy (FTIR), Scanning Electron Microscopy (SEM), Thermogravimetry
(TG), and surface area measurement (BET). The electrochemically synthesized pure-phase sample was
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tested for the adsorption of a model analgesic and anti-infammatory drug, lbuprofen, which was
quantified by UV-Vis and 3C NMR spectroscopy. The presence of the drug loaded on the material was
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Introduction

Metal-organic frameworks (MOFs) are hybrid materials struc-
turally based on metal ions or clusters and polytopic organic
ligands which are interconnected forming 2D or 3D porous
structures. In the last two decades, research on MOFs has
received much attention because of the increasing number of
applications for these materials in gas storage and separation,’
catalysis,” sensors,’ imaging,” drug delivery’ and many others.
Importantly, especially for biomedical applications, the size
of MOF particles must be reduced to the nanoscale regime
in order to reach high viability for practical applications.
Moreover, it is well known that nano-MOFs present different
or at least enhanced properties compared to bulk materials due
to the high surface-to-volume ratio and quantum size effects.®
The size requirements cannot be frequently achieved by using
conventional synthetic routes such as hydrothermal and solvo-
thermal methods or the slow diffusion approach. Also, the
conventional routes have some limitations on scaling up.
Therefore, alternative approaches such as the microwave assisted
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also verified by FTIR, TG, SEM, and BET analyses.

method, and sonochemical and electrochemical methods have
also been successfully introduced.

The electrochemical method presents many advantages over
other approaches such as mild reaction conditions (commonly
performed at ambient temperature and pressure), short reac-
tion time (up to 2 hours), high yields, low-energy consumption,
simple operation, and no need of using special equipment.”
Pioneered by researchers from BASF in 2005,% anodic dissolu-
tion has become the most common electrochemical method
for MOF preparation, mainly those based on Cu®",*™** Co*",*?
Zn** "% Ni** 17 and AI**."" In this approach, metal cations are
produced in situ by anodic oxidation, which eliminates the use
of troublesome counterions such as nitrates or chlorates, and
thus, facilitates the synthesis control. It has been demonstrated
that electrochemical parameters such as supporting electrolyte
and current density play an important role in tuning the
morphology (size, shape, and distribution of particles) and
the yield of the reaction.”’® Despite the attractive features
exhibited by this method, the electrochemically synthesized
MOFs are still rare compared to materials prepared by using
other methods and systematic studies on the effects of the
electrochemical parameters on product formation are still
needed.

In this work, [Zn(1,3-bdc),s(bzim)] nano-MOF has been
synthesized using the electrochemical method, and a detailed
study of the most important variables governing the electro-
chemical synthesis of MOFs is presented. The influence of
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three factors (current, time of reaction and quantity of supporting
electrolyte) on the yield, purity and crystallite size of the product
was evaluated. The pure-phase sample was tested for the adsorp-
tion of a model analgesic and anti-inflammatory drug, Ibuprofen,
which was quantified by UV-Vis and confirmed by >C NMR
spectroscopy.

Experimental
Materials

All reagents and solvents were purchased from commercial
suppliers and used without further purification. Sodium nitrate
(NaNO; - 99%) was provided by Vetec. Ibuprofen sodium salt
(Na-IBU - 99%, MM 228.29 ¢ mol "), isophthalic acid (1,3-H,BDC -
99%) and benzimidazole (Hbzim - 98%) were acquired from Sigma
Aldrich. Zinc plates (70 x 10 cm) from Ilca were used as an
electrode material. Solvents: N,N-dimethylformamide (DMF-PA)
and ethanol (EtOH-PA) were purchased from Dinamica. 1,4-
Dioxane (99%) and CDCl; (99.9%) used for NMR measurements
were purchased from Sigma Aldrich.

Equipment and characterization

Electrochemical syntheses were performed under constant current
or voltage using a Micken DC power supply PS-1502DD+ and a
HIKARI multimeter HM-1000. Powder X-ray diffraction patterns
were recorded on a Bruker D2 Phaser using CuK,, (% = 1.5406 A)
radiation with a Ni filter, at a voltage of 30 kv and 10 mA.
Experiments were conducted at 20 values ranging from 3 to 70°
with a step of 0.02°. For the calculations of the crystallite size, the
most intense peak of the XRD patterns of [Zn(1,3-bdc), 5(bzim)] at
20 = 7.85° was chosen. The simulated XRD pattern was obtained
using the program Mercury 3.8. Thermogravimetric analyses (TGA)
were performed using a Shimadzu DTG-60H thermal analysis
system. Samples were heated from 20 °C to 900 °C at a rate of
10 °C min~* in a continuous nitrogen flow atmosphere. Fourier
transform infrared (ATR-FTIR) experiments were carried out on a
Bruker Vertex 70/v spectrometer in the range of 4000-400 cm ™"
Morphological analyses and images were acquired on a Scanning
Electron Microscope (SEM), model Tescan Mira 3. The surface area
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was measured from BET adsorption isotherms of N, using a
Quantachrome apparatus model Nova 3200e. UV-Vis spectra
of Ibuprofen were recorded on a PerkinElmer Lambda 650
spectrophotometer in the range of 500-240 nm. “*C NMR
spectra of Ibuprofen were acquired on an NMR spectrometer
(Agilent 300 MHz). Typically, 10 000 scans were collected into
32 K memory data points with a relaxation delay of 20 s and an
acquisition time of 1.39 s. The integrations were computed
according to the GSD protocol'® using Mnova 11.04 software.

Electrochemical synthesis of [Zn(1,3-bdc), 5(bzim)]

The synthesis of [Zn(1,3-bdc), s(bzim)] was first reported by
Cui et al.’® and later by our group®® (see the ESL{ Fig. S1).
Nevertheless, the hydrothermal,'® solvothermal®® and slow
diffusion®® methods provided the material in only low to
moderate yields, 23.0, 45.4 and 41.6%, within long reaction
time, 8.5, 8 and 14 days, respectively. In this work, [Zn(1,3-
bdc)o.5(bzim)] was synthesized by the electrochemical method.
Initially, 8 syntheses (T1-T7) were carried out using the following
levels of electrochemical variables: time of reaction, 7' (1 h, 1.5 h or
2 h), quantity of electrolyte, Q (112, 156 or 200 mg) and current,
C (40, 60 or 80 mA) to evaluate the influence of these parameters
on the phase purity, crystallite size and yield of products (Table 1).

Typically, 2 mmol (332 mg) of 1,3-H,bdc and 1 mmol
(118 mg) of Hbzim were dissolved in 30 mL of DMF/EtOH
mixture (15/15 mL). Separately, an aqueous solution of the
supporting electrolyte (NaNO;) was prepared in 15 mL of
distilled water and then added to the reaction mixture. Subse-
quently, two zinc electrodes (previously polished with sand
paper and washed with ethanol) were suitably placed in a
polymer lid in such a way that 2.5 cm of the plates were
immersed in the reaction mixture and apart from each other
by 1.5 cm. A DC power supply was then connected to the
electrodes, and the voltage was adjusted to keep the current
constant at the levels as shown in Table 1. All the tests were
performed at room temperature and with stirring during 1, 1.5
or 2 h. At the end of the reaction, the white powder formed
in the electrode surface and solution was carefully isolated,
filtered, washed with DMF and distilled water, and dried at

Table 1 Summary of synthesis parameters employed for the preparation of [Zn(1,3-bdc)q s(bzim)]

Time of reaction, Quantity of electrolyte, Current, Voltage, No. of Zn** Yield of Crystallite
Sample T [h] Q [mg] C [mA] V[V] [mmol] reaction [%] size [nm]|
T1 2 112 40 6.0-6.5 1.49 0.0 ND
T2 2 200 40 4.0-4.2 1.49 43.6" 105.9
T3 1 112 80 10.5-12.0 1.49 11.2 ND
T4 2 112 80 12.3-15.2 2.98 160.8¢ 69.8
T5 1 200 80 7.5-7.9 1.49 9.9 ND
Té6 2 200 80 8.4-13.0 2.98 212.6° 106.0
T7 1.5 156 60 5.4-6.4 1.68 73.4 27.5
T8 2 156 60 6.1-6.5 2.24 87.0 32.3
T9 2 200 65-70 8.0 2.61 138.2¢ 69.8
T10 2 200 70-80 10.0 2.98 159.5¢ 238.8
T11 2 200 80 6.7-7.1 2.24 ND? ND
RT¢ 14 days — — — 2.00 41.6 61.5
ST¢ 8 days — — — 2.00 45.4 721

ND - not determined,” Presence of two or more phases. ” Molar ratio 1,3-H,bdc: Hbzim, 1:0. ¢ Barros et al.>
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60 °C for 2 h. After the evaluation of the effect of the variables
(C, Q, and T) on the phase purity and yield, another synthesis
(T8) was performed under the same synthesis conditions as T7
but with the time of reaction increased to 2 h. Additionally, two
syntheses with the fixed voltage at 8 V (T9) and 10 V (T10) and
the synthesis without the presence of benzimidazole (T11) were
performed.

Drug adsorption experiments

Adsorption tests were conducted as follows: 20 mg of the
adsorbent (T8) were immersed in 1 mL of Ibuprofen ethanolic
solution (30 mg mL ™" of Na-IBU), and the resulting suspension
was stirred during 1 day in a 5 mL glass sealed tube carefully
protected against luminosity due to the drug photosensitivity.
The system without the adsorbent (blank experiment) was also
conducted under the same conditions. Afterward, the super-
natant was separated from the solid material by centrifugation
(6000 rpm, 10 minutes) and the solution was analyzed by two
different methods, UV-Vis spectrophotometry and *C NMR
spectroscopy, to determine the rest of the unloaded Ibuprofen.

For the quantification by the UV-Vis method, three aliquots
of 40 nL were withdrawn from the centrifuged supernatant
solution and placed in three tubes (5 mL) each containing 3 mL
of ethanol. The same procedure was carried out for the blank
experiment. The quantity of the drug adsorbed on the material
(mgIBU/gMOF) was calculated according to eqn (1). The con-
centrations of IBU in the sample and blank experiments were
obtained using a calibration curve equation (see details in the
ESL,T Fig. S2).

{[BC] — [SC]} x Dy
MMOF X V

mgIBU/gMOF = x 1000 (1)

where: BC is the concentration of IBU in the blank experiment
(mg mL™"), SC is the concentration of IBU in the sample
experiment (mg mL™'), D is the dilution factor, V is the
solution volume, and myor is the amount of MOF used in
the adsorption tests.

For the IBU quantification by *C NMR, 500 uL of the IBU
centrifuged solution were transferred to a 5 mm NMR tube, and
300 uL of the internal standard solution (1,4-dioxane) dissolved
in CDClI; (600 pL) were added. The same procedure was used for
the blank experiment.

The adsorbed amount of Ibuprofen was calculated from

eqn (2):

ALy Nrer  MMjpy

Nre x 1000 2
Tet Nisu 2)

mgIBU/gMOF = P
MOF

where, Algy is the difference of the integral in the spectrum
before (I;) and after the adsorption (Iy,), Ler and n..r are the
integral value and number of mol, respectively, of 1,4-dioxane
(reference), N is the number of carbon nuclei corresponding to
the signal of IBU or reference, MMz, is the molar mass of IBU,
and myor is the amount of MOF used in the adsorption test.

All details including *C NMR spectra and calculations are
placed in the ESIt (Fig. S3 and S4 and Table S1).
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All adsorption experiments were carried out in triplicate.
The integration area corresponds to the average of the repetition
of ten times of the integrals measured (error <1%), and the
absorbance is the average of three repetitions.

Results and discussion
Electrosynthesis of [Zn(1,3-bdc), 5(bzim)]

The careful analysis of data from Table 1 led to the conclusion
that only two variables, time of reaction (7) and current (C), had
a significant influence on the yield of the reaction, whereas the
quantity of supporting electrolyte (Q) did not have a significant
influence on this response. Although the quantity of Zn**
ions produced during the synthesis T1 was sufficient for the
formation of [Zn(1,3bdc), 5(bzim)], no product was obtained.
This fact may be explained by the low conductivity of the
solution. By increasing the electrolyte concentration, the con-
ductivity was increased, which resulted in higher yields (43.6%
for T2). The increased conductivity improves the yield because
less energy is thus required to overcome the Ohmic drop in the
solution and can, therefore, be used to dissolve the electrode.
The conditions of the highest level of current (80 mA) and the
time of reaction (2 h) drastically increased the quantity of the
product (T4 and T6). As expected, the increased conductivity in
the case of T6 compared to T4, increased the yield of the
reaction. One can notice, however, that the yield of the reaction
was higher than 100% in both cases, which can indicate the
formation of two or more phases and this was posteriorly
confirmed by XRD studies. When the time of reaction was
shortened to 1 h, the yield of the product was very low, 11.22 and
9.89, for T3 and T5, respectively. In these cases, the increased
conductivity did not influence the yield of the reaction. Thus, one
can conclude that the time of reaction and current (and their
interactions) influenced the yield of the product the most. A T7
test was conducted to optimize the synthesis conditions. In this
test, the intermediate levels of the three factors were applied (the
time of reaction 1.5 h, the quantity of electrolyte 156 mg, current
60 mA). These conditions furnished the desired product in 73.4%
yield. To further increase the yield of the product, the time of
reaction was increased to 2 h (T8) maintaining the other two
factors at the same level as in T7. This combination of factors
furnished the product in 87% yield. This yield is much higher
than that reported by Cui et al. (23%)"° or previously by our group
(41.6 and 45.4% for RT and ST, respectively).”° Two syntheses
performed at constant voltages T9 and T10 led to the formation of
secondary phases (yield higher than 100%) posteriorly confirmed
by PXRD analysis. To keep the voltage constant at 8 and 10 V, the
current changed between 65-70 mA and 70-80 mA for T9 and T10,
respectively. These values of current, higher than 60 mA, might
have promoted the formation of secondary phases as observed in
current-constant syntheses.

X-ray diffraction analysis

Fig. 1 shows the powder diffraction patterns of samples T2,
T4, T6, T7, T8, T9, and T10, as well as the simulated pattern

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019
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Fig. 1 PXRD patterns of obtained samples T2, T4, T6, T7, T8, T9, and T10
and the simulated one from the single crystal data of [Zn(1,3-
bdc)o 5(bzim)I*® compared to PXRD patterns of the products obtained by
the solvothermal and room temperature methods.2° Syntheses T1, T3, and
T5 did not produce a sufficient quantity of product for this analysis.

generated from the CIF file COD no 2213328."° It can be seen
that the desired phase of [Zn(1,3-bdc),s(bzim)] crystallized
during all synthesis conditions tested. However, only the
pattern of the sample T8 presents a single-phase. Although
the synthesis conditions of T7 were similar to that of T8, the
presence of the secondary phase in the PXRD pattern of T7 may
be evidenced (marked with a filled circle, phase not identified).
It appears that the formation of the MOF [Zn(1,3-bdc), 5(bzim)]
occurs via the crystallization of an intermediate with a subse-
quent phase-transformation completed only after two hours
of reaction. The same intermediate phase was found in the
pattern of T10 (synthesis performed at a constant voltage of 10 V).

Samples prepared within 2 h under a current of 40 or 80 mA
(T2, T4, and T6) and those prepared under constant voltage
(T9 and T10) present a broad peak below 5° (26). Curiously, this
peak appears in a variable position depending on the synthesis
conditions, which can be associated with the variation of the
unit cell size of the structure. Hirai et al. have reported the
formation of layered zinc hydroxides (Zn-LDH) stabilized by
intercalated terephthalate molecules (TPA).>' Three types of
Zn-LDH were identified with different interlayer distances
according to the amount of TPA molecules intercalated in these
structures. As a result, a peak related to this phase was shifted
as a function of the size of the unit cell.>! Thus, in our work, we
suggest that because isophthalic acid was used in excess, the
secondary phases containing isophthalate might have been
formed.

To estimate the composition of the secondary phases, the
synthesis in the absence of benzimidazole was performed
(T11). In the PXRD pattern of T11 (Fig. S5, ESIt), peaks at
about 6.4°, 7.10° and 10.5° coincide with the peaks found in
sample T10 and less intense in T7. Also, the peak at a low angle
at about 260 = 3.0° can be observed. The same peak appeared in
samples T2 and T4, and was more shifted in sample T6, as well
as in samples conducted under constant voltage (T9 and T10).
This observation indicates that the secondary phases in those

This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2019
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samples do not contain benzimidazole and most probably are
associated with Zn-isophthalate hybrid materials.

Crystallite size

The electrochemical synthesis afforded nano MOFs with a
crystallite size in the range of 27.5-238.8 nm (see Table 1).
Samples T7 and T8 present the smallest and very similar
crystallite size, 27.5 and 32.3 nm, respectively, both prepared
under intermediate current (60 mA) and electrolyte quantity
(156 mg) but different synthesis time (1.5 and 2 h, for T7 and
T8, respectively). Slightly bigger crystallite size in the case of
sample T8 might have been caused by the longer reaction time.
For the rest of the samples, the crystallite size is at least two
times (for T4 and T9) or three times bigger (for T2, T6) than that
observed for T8, which may be related to the presence of the
secondary phase in these samples. Sample T10, for which at
least two different secondary phases were found, presents the
largest crystallite size (238.8 nm).

Worth noting is the fact that the reference samples prepared
by the slow diffusion method at room temperature and the
solvothermal method present larger crystallite size (61.50 nm
and 72.1 nm, respectively) than that of the pure-phase sample
T8 (32.3 nm) indicating that the electrochemical method is
more efficient in reducing the crystallite size of a MOF sample.
This fact may be explained by the greater control over the
concentration of metal ions during the electrochemical synthesis.
In general, rapid dissolution increases the metal ion concen-
tration, which affords fast nucleation and consequently smaller
crystals.

TGA

Thermal stability of the electrochemically synthesized pure-
phase sample T8 was investigated by thermogravimetric analysis
(TGA), and the results were compared to those of the previously
reported sample prepared by the solvothermal method (ST).*° The
thermogravimetric profiles of both samples are similar to each
other (Fig. 2), and present two-step weight loss corresponding to
the decomposition of the carboxylate and benzimidazolate part of
the framework.
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Fig. 2 TG curves of the samples T8 and ST.2°
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The two samples, however, starts to decompose in very distinct
temperatures. Whereas the reference sample is stable up to 472 °C,
sample T8 starts to collapse at a much lower temperature (347 °C).
The lower thermal stability of the sample T8 is related to the
smaller particle size (32.3 nm) compared to the ST sample
(72.1 nm). Since nanoscale materials have higher surface-to-
volume ratio compared to bulk materials and more “matter” is
exposed to the environment, they tend to be thermodynami-
cally unstable because the surface atoms are more energetic
than those from the volume.>*

Adsorption of Ibuprofen onto [Zn(1,3-bdc), 5(bzim)]

In the field of drug loading and release, MOFs have been shown
as promising host systems. Férey et al. reported for the first
time the use of a porous material MOF (MIL101-Fe) to incorpo-
rate Ibuprofen for controlled release.”® Since then, studies on
drug loading capacity, and kinetic release with the use of
diverse frameworks including Zn-based MOFs'®** have been
reported. In this work, [Zn(1,3-bdc), s(bzim)] was tested for
Ibuprofen loading capacity. Sample T8 was chosen for drug
adsorption tests due to the highest yield and purity among all
synthesized samples. The Ibuprofen sodium salt was adsorbed
by the sample from a solution of ethanol, and the adsorbed
amount was quantified by UV/Vis spectroscopy and confirmed
by *C NMR spectroscopy.

X-Ray powder diffraction performed on both materials T8
and IBU@TS (before and after adsorption, respectively) proved
that the structure is retained after the drug adsorption (see
Fig. S6, ESIt). The presence of the adsorbed Ibuprofen was
confirmed by FT-IR spectroscopy, Thermogravimetric analysis
(TGA), Scanning Electron Microscopy (SEM) and N, adsorption
experiments.

The FT-IR spectrum of T8 presents some changes after drug
loading (Fig. 3a); however, the structure of the framework
maintained its integrity, which is consistent with the PXRD
analyses.

The change in the relative intensity of the bands corres-
ponding to the two asymmetric vibration modes of COO™ of the
framework may be observed. New bands at 1698 cm™ ' and in
the region between 2796 and 3642 cm ™', corresponding to the
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COO™ and the C-H groups, respectively, of the Ibuprofen salt,
are visible in the FT-IR spectrum of IBU@T8. Both bands are
also present in the spectrum of the free anionic Ibuprofen.
Also, a set of bands at 1609, 1464, 1063, 889 and 586 cm™*
highly consistent with those of free Ibuprofen, can also be
observed in the IR spectrum of IBU@TS. The band at 1655 cm™*
associated with the presence of DMF molecules in the framework
is absent in the FT-IR spectrum of IBU@T8 suggesting that
drug molecules might have expelled solvent molecules from the
structure. The IR results indicate the presence of Ibuprofen
molecules in the drug-loaded T8. We believe that the inter-
actions between drug molecules and the framework are mostly
governed by m-m interactions between the aromatic rings of
Ibuprofen and the ligands in the framework. This assumption
may be supported by the observation of the band shift at
ca. 1500 cm ™! corresponding to the benzimidazole stretching
mode, which may indicate the contribution of the benzimidazole
ring in the framework-drug interactions. Since the dimensions of
the pores in the structure of [Zn(1,3-bdc), s(bzim)] (5.9 A x 5.0 A)
are much smaller compared to those of Ibuprofen (6 A x 9.4 A),*®
the adsorption may have occurred mostly on the surface of the
material.

Thermogravimetric curves of T8, IBU, and IBU@T8 samples
are compared in Fig. 3b. Four weight losses can be observed
within the range 22-100 °C (I), 160-400 °C (II), 400-600 °C (III)
and 600-775 °C (IV) for the IBU@T8 sample. The first two
losses correspond to the departure of water and Ibuprofen,
respectively, which is consistent with the results for the
MIL53-IBU sample reported by Férey et al.>® No weight loss
corresponding to the DMF molecules was found, which is
consistent with the FT-IR results. Above 400 °C, the two losses
are associated with the two-step destruction of the framework
as well as possible traces of Ibuprofen. At temperatures higher
than 400 °C, the distinction of the weight losses is more
complex due to the drug and the framework decomposition
at the same time.

Fig. 4 presents micrographs of the MOF loaded with Ibuprofen
IBU@T8 compared to the T8 sample before adsorption. The
powder of the T8 sample is composed of small particles assembled
into soft micrometric porous sponge-like agglomerates (Fig. 4a).
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Fig. 3 FT-IR (a) and TGA (b) of the framework with Ibuprofen loaded (IBU@T8) compared to free IBU and T8 before adsorption.
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Fig. 4 Micrographs of the sample T8 before adsorption (a) and Ibuprofen
loaded MOF (IBU@TS8) (b).

The sample IBU@TS8 presents different morphology of the drug-
free sample. The morphological analysis of IBU@TS8 revealed the
presence of quasi-spherical particles smaller than 500 nm on the
surface of the micrometric blocks, which may indicate that
Ibuprofen has been attached to the surface of the agglomerates.

The sample T8 [Zn(1,3-bdc)y s(bzim)] shows a reversible
Type-1I isotherm of N, adsorption/desorption which is typical
for a macroporous adsorbent®” (see Fig. S8, ESIT) and a surface
area of 14.404 m> g~'. Such behavior is expected since the
[Zn(1,3-bdc), 5(bzim)] possesses clipped structural pores, with
little accessible surface or pore volume. On the other hand, the
presence of inter-grain macropores can be observed from the
SEM image (Fig. 4a). N, adsorption/desorption isotherms after
Ibuprofen loading are similar to the pure sample; however, the
BET surface area was 8.036 m” g~ *. This decrease of 45% might
confirm the crystallization of the Ibuprofen molecules mostly
on the surface of the adsorbent.

The UV-Vis studies showed that the material adsorbed
163.9 mg g of Ibuprofen, which was similar to the value obtained
by "*C NMR spectroscopy (160.7 mg g~ *). This value is lower than
those obtained for large-cage frameworks such as MIL-100 and
MIL-101 (347 and 1376 mg, respectively).”® On the other hand, the
synthesized material exhibited higher Ibuprofen uptake than
another MOF from the MIL family, MIL-53 (104 mg for 1 day).>
The significant uptake of the drug by [Zn(1,3-bdc), 5(bzim)] may
be governed by the hydrophobic feature of the framework,
which is compatible with the hydrophobic nature of Ibuprofen.

Conclusions

In this work, the mixed-ligand metal-organic framework [Zn(1,3-
bdc), 5(bzim)] was successfully synthesized via the electrochemical
method for the first time. It was found that the time of reaction
and current were the most significant factors affecting the purity
and the yield of the desired product. The appropriate selection
of the synthesis conditions (time of reaction, 2 h and current of
60 mA) allowed us to obtain pure-phase desired nano-MOF
(crystallite size of 32.3 nm) in a much higher yield (87%) than
previously reported hydrothermal, solvothermal or slow diffusion
methods. Moreover, the time of reaction was shortened from at
least 8 days (solvothermal method) to only 2 h. The preliminary
UV-Vis studies showed that the material adsorbed a significant
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amount of Ibuprofen (163.9 mg g~ '), which was similar to the
value obtained by *C NMR spectroscopy (160.7 mg g~ ).
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