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The effect of the solvent on the synthesis process and on the nanocrystal characteristics of the zeolitic
imidazolate framework-8 (ZIF-8) was investigated. A synthesis protocol at room temperature employing
a series of aliphatic alcohols, water, dimethylformamide and acetone was employed. The results show
that the solvent modifies the evolution of the reaction, altering the crystallization rates and nanocrystal
sizes. Its hydrogen bond donation ability is the main factor that governs this effect. More precisely, the
solvent modulates the formation of ZIF-8 nanocrystals with sizes in the range between 15 and 42 nm.
When synthesized in alcohol and acetone, these nanocrystals form globular aggregates with sizes
between 130 and 420 nm. In contrast, under the same synthesis conditions, when using water or
dimethylformamide the ZIF phase is not developed. In alcohols other than methanol, the crystals develop
pill-shaped morphologies with poorly defined facets. Moreover, a markedly fast growing kinetics is
verified in these alcohols, leading to an ultra-fast crystallization of ZIF-8 in about 60 s. These findings
provide new information about the role of the solvent in the synthesis process of nanoZIF-8, which
can be useful for controlling the crystallization rates and nanocrystal sizes of this material.

� 2014 Elsevier Inc. All rights reserved.
Introduction

Zeolitic imidazolate frameworks (ZIFs) are a subclass of metal
organic frameworks (MOFs) with zeolite-type topology and out-
standing thermal and chemical stability [1]. ZIF-8, one of the most
widely studied ZIFs, was originally synthesized as microcrystals by
Yagui and co-workers using dimethylformamide (DMF) [2]. This
MOF has sod (sodalite-type) topology, with pore size of 11.6 Å
and window openings of 3.4 Å even though its structure is flexible
and allows the entry of larger molecules than this window size [3].
In general, solvothermal methods using amide-type solvents have
been developed for the synthesis of ZIFs [1]. The fabrication of
these microporous materials under the shape of nanosized crystals
(nano-MOFs) could be highly valuable for the development of new
functional and nanotechnological applications [4]. More specifi-
cally, nano-MOFs could be advantageous in catalysis and adsorp-
tion processes due to the decrease in diffusive resistances [5] as
well as in controlled drug release applications [6]. Moreover, they
can be used as a new type of filling in mixed-matrix membranes
for gas separation [7] and for the preparation of supported
membranes by secondary synthesis methods [8].
In particular, ZIF-8 has been synthesized under the shape of
nanocrystals by methods involving simple mixing of the compo-
nents at room temperature in methanol [9,10]. More recently,
nanocrystals of this material have also been obtained in water
[11]. However, the regulation of the ZIF-8 crystal morphology
and crystal size distribution at the nanoscale level is still a chal-
lenge. The control of crystal size distribution has been achieved
by means of different strategies such as the adjustment of the re-
agent ratios [12], the incorporation of additives (i.e. trialkylamine)
[13], cetyltrimethylammonium bromide [14], small amounts of the
polyelectrolyte poly-diallyldimethylammonium chloride [15], for-
mate [16] and ancillary ligands with different chemical functional-
ities [17]. The sources of Zn have also been modified, leading to the
formation of ZIF-8 phases coexisting with ZnO nanoneedles [18].
Besides the above protocols, other non-conventional methods have
also been used to regulate the size of ZIF-8 nanocrystals, such as
sonocrystallization [19], microwave irradiation [20], using a
micromixer [21] or by ionothermal microwave-assisted synthesis
[22]. In all the above mentioned cases, ZIF-8 was synthesized using
only three solvents: DMF, water and methanol. In general, in the
design of synthetic methods for MOF fabrication, less attention
has been given to this parameter and a small number of solvents
have been used [23]. However, the synthesis medium should play
an important role in the coordination chemistry of supramolecular
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Fig. 1. XRD patterns of the materials obtained after 120 min employing different
aliphatic alcohols, acetone and water. Theoretical ZIF-8 pattern was simulated from
CCDC archive (602538).
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systems [24]. In this context, this study performs a systematic
exploration of the influence of the solvent on the formation rate
and nanocrystal characteristics of the archetypical MOF ZIF-8,
using a synthesis protocol at room temperature.

Experimental

Synthesis methodology

A synthesis protocol reported by Cravillon et al. [9] was taken as
reference. In this work, Zn(NO3)�6H2O (Aldrich 99.0%), 2-methyl-
imidazole (Aldrich 99.0%) and the selected solvent were mixed in
molar proportions of 1:8:700, respectively. Methanol (Cicarelli,
99.8%), ethanol (Cicarelli, 99.5%), n-propanol (Dorwil, 99.5%),
2-propanol (Cicarelli, 99.5%), n-butanol (Cicarelli, 99.4%), 2-butanol
(Merck, 99.5%), n-octanol (Merck, >99%), dimethylformamide
(DMF, Aldrich, 99.0%), acetone (Cicarelli, 99.5%), and distilled water
were the different solvents employed. First, Zn(NO3)�6H2O and
2-methylimidazole were dissolved separately in equal amounts
of the respective solvent. Then, the first solution was rapidly added
onto the second one under agitation (350 rpm) at room tempera-
ture. Stirring was continued for time periods ranging from 1 to
480 min and the solids thus formed were recovered by centrifuga-
tion at 7000 rpm for 5 min. Once separated, they were re-
suspended in methanol in order to be washed and centrifuged. This
operation was repeated twice and finally the materials were dried
overnight in an oven at 70 �C.

Characterization of synthesized materials

X-ray diffraction (XRD) was performed with a Shimadzu XD-D1
instrument by scanning the 2h angle at 2� min�1 between 5� and
50� using Cu Ka radiation (k = 1.5418 Å, 30 kV, 40 mA). The relative
crystallinity was calculated using the integrated peak areas of the
diffraction peaks at 2h = 7.4�, 10.4�, 12.7� and 18.06�, and consider-
ing 100% crystallinity for the sample synthesized in methanol after
120 min. The mean crystallite size (t) was estimated using the
Scherrer equation: t = 0.9 k/(B cosh), where B2 ¼ B2

sample � B2
standard.

The intrinsic broadening of the diffraction signals (Bstandard) was
estimated using a standard Si single crystal [25] and the validity
of this equation was confirmed by verifying the expected linear
relationship between cos(h) and B�1 for the four peaks considered
for each sample. Scanning electron microscopy (SEM) was per-
formed on glass-supported samples with a JEOL JSM-35C operated
at 20 kV. Thermogravimetric analysis (TGA) was conducted with a
Shimadzu TGA-51 instrument from 25 �C to 1000 �C at 10 �C min�1

in N2 flow (50 mL min�1, STP). Analysis by atomic force microscopy
(AFM) was carried out in the non-contact mode with an Agilent
5400 microscope on glass-supported dispersed samples. The tur-
bidity evolution of the synthesis medium during the reaction was
followed with a LaMotte 2020e nephelometer furnished with a
tungsten lamp (2300 �C) and a photodiode detector located at
90�. The apparent pH was monitored with an Altronix pH-meter
and a BOECO BA 2S electrode calibrated between measurements.
FTIR spectra were taken on powder samples supported in KBr pel-
lets with a Shimadzu 8101 M Prestige-21 instrument equipped
with a high sensitivity DLATGS detector, from 400 to 4000 cm�1

recording 40 scans with a 2 cm�1 resolution.

Results and discussion

Synthesis of ZIF-8 nanocrystals in aliphatic alcohols

In order to gradually vary the physicochemical properties of the
reaction medium, a series of individual syntheses was conducted
using a sequence of straight and branched aliphatic alcohols as sol-
vents. The molar ratios of the reagents and other synthesis condi-
tions such as temperature, stirring power and reaction time
(120 min) were kept constant. Under these conditions, all the sol-
ids obtained with the different alcohols were pure and well-devel-
oped phases of ZIF-8 (Fig. 1) [2]. This is the first report of the
synthesis of ZIF-8 in solvents different from methanol, DMF or
water. However, differences in the relative crystallinity and
crystallite size were noticed, as shown in Table 1. The materials ob-
tained in methanol and n-octanol showed the highest crystallinity
and crystallite size while those obtained in 2-butanol had the
lowest values. Even though in all cases the crystallites presented
nanometric sizes, the SEM images (Figs. 2 and S1) showed that
they were aggregated as globular particles of varying dimensions
(Table 1). The variable aggregation level could be associated with
the ability of the different solvents to disperse the nanocrystals
formed during synthesis. Moreover, the efficiency of the synthesis
in a zinc basis appears to be slightly lower for methanol and etha-
nol, while for other alcohols it was around 40–50% (Table S1).
Although a precise determination of the primary crystal sizes
was not possible from the SEM micrographs, it can be observed
that the estimated crystal sizes are comparable with those calcu-
lated by XRD. Furthermore, the edges of the crystals looked
rounded, probably because the crystallization proceeded quickly
under vigorous stirring.

The solvent can exert thermodynamic and kinetic effects in the
assembly of MOFs and the ways in which this occurs can be thus
summarized [24]: (i) solvent as ligand; (ii) solvent as guest; (iii)
solvent as both ligand and guest (iv) solvent as structure directing
agent (SDA). Moreover, it has been found that for a given MOF
these effects may be modified by the addition of different aromatic
molecules to the synthesis mixture [26]. In the case of ZIFs struc-
tures Park et al. [2] postulated that such frameworks are not only
produced by an appropriate functionalization of the linker, but also
by a SDA effect induced by an amide-type solvent. Similarly, Tian
et al. [27] noted that some organic solvents play a key role as
SDA or primary template agents in the synthesis of imidazolates
with zeolitic topologies. The primary template effect occurs when



Table 1
Structural properties of the obtained ZIF-8 nanocrystals, a parameter of the solvents and the relative rates of ZIF-8 formation.

Solvent Relative crystallinitya Crystallite size at 120 min/nmb Crystallite size at 60 s/nmb Aggregate size at 120 min/nmc a [33] r0
rel

d

Methanol 1.00 42.1 – 134 ± 15 0.98 1.0
Ethanol 0.82 31.3 16.6 342 ± 56 0.86 14.6
n-Propanol 0.80 22.5 16.7 212 ± 63 0.84 14.1
2-Propanol 0.81 19.7 20.1 421 ± 103 0.76 18.2
n-Butanol 0.89 24.7 22.8 324 ± 77 0.84 12.3
2-Butanol 0.63 17.8 18.1 372 ± 122 0.69 15.3
n-Octanol 0.97 35.2 27.7 413 ± 94 0.77 –
Acetone 0.93 14.8 – – 0.08 32.5
Water – – – – 1.17 –
DMF – – – – 0.00 0.6

a Estimated by integrating the main XRD signals and considering 100% crystallinity for the sample synthesized in methanol.
b Estimated from Scherreŕs equation: t = 0.9 k/B cosh; B2 ¼ B2

sample � B2
standard in which B is the full width at half maximum (FWHM).

c Estimated from SEM pictures.
d r0

rel is the ratio of initial turbidity (15 s) of the reaction mixture in methanol and the initial turbidity of the reaction mixture in the respective solvent.

Fig. 2. SEM image of the solid obtained after 120 min in n-octanol. The inset is a
zoom in a region of 0.9 � 0.7 lm.

Fig. 3. FTIR spectra of the solids obtained after 120 min synthesis in the alcohols
series; acetone and water. Spectrum of 2-methylimidazole (Hmim) is also shown.
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the solvent acts as a mold of the structure and is included in the
framework by non-covalent interactions [28]. Meanwhile, a SDA
effect takes place when the formation of a MOF or the increase in
its growth rate is favored by the solvent [29]. From the above dis-
cussion and in view of our results in which almost identical ZIF-8
phases can be obtained in such different alcohols, with differences
in crystallinity, crystallite size, extent of aggregation, and forma-
tion rate (shown later) it can be concluded that the solvent is prob-
ably involved as a SDA.

Furthermore, the grain boundaries and sizes of the nanocrystals
were analyzed by AFM using topographic and phase-contrast
images as those shown in Fig. S2. These AFM images show nano-
crystals with apparently rounded edges and, in some cases, slightly
faceted shapes, whose sizes vary between 20 and 40 nm. This con-
firms the crystallite characteristics previously estimated by XRD
and SEM.

The FTIR spectra of the obtained materials (Fig. 3) confirm that
the chemical bond structure corresponds to that reported for ZIF-8
[2]. Fig. S3 shows the main bond connectivity in the motif of the
ZIF-8 structure and in the 2-methylimidazole, which are associated
with the main FTIR bands observed. Imidazole derivatives such as
2-methylimidazole possess a typical IR spectrum with a broad
absorption band in the 2250–3300 cm�1 frequency region due to
vibrations of the hydrogen bonds established between the pyrrole
group and the pyridinic nitrogen [30]. This absorption band and
the associated signal at 1850 cm�1 are absent in the IR spectra of
materials obtained in alcohols and acetone (Fig. S4), which indi-
cates the formation of imidazolates. The signal around 1585 cm�1

is due to the stretching mode of C@N, while that observed in the
region between 1350 and 1500 cm�1 is associated with the vibra-
tion of the ring [31]. A shift of the CH bending signal from
1117 cm�1 to 1147 cm�1 was observed (Fig. 3), which can be as-
signed to the transformation of imidazole to imidazolate [30].
Bands in the region below 800 cm�1 are usually caused by out-
of-plane bending of the ring [31] and the peak at 423 cm�1 is
due to the vibration mode of ZnAN [32]. The presence of this latter
signal in all samples synthesized in alcohols indicates that Zn cat-
ions are connected to nitrogen atoms of the methylimidazole
groups forming the imidazolate (Fig. S3).
Interactions of the solvents during nanocrystal formation

The syntheses of ZIF-8 nanocrystals were also conducted in
water, DMF and acetone, using the same synthesis conditions em-
ployed for the syntheses in the alcohols. It should be noted that
ZIF-8 crystals were previously obtained in DMF and water [2,11],
but these syntheses were conducted using other molar composi-
tions of reactants and/or temperatures. After mixing the reactants



Fig. 4. Plot of ZIF-8 crystallite size after 120 min synthesis vs the hydrogen bond
donation parameter (a) of the solvent.
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in water, the formation of a white suspension was observed but the
XRD pattern of the solid obtained did not match the ZIF-8 structure
but seemed to correspond to an imidazolate with denser structure
(Fig. 1), which is also supported by the FTIR spectrum of this sam-
ple (Fig. 3).

On the other hand when using DMF, turbidity was not visually
observed even after 120 min, although the presence of nano-parti-
cles was detected by the Tyndall effect when illuminating the sus-
pension with a laser (Fig. S5). This DMF-based mixture was left to
rest for 6 months and, after this period, no changes were noticed;
furthermore, it was not possible to isolate the solids even centri-
fuging at 15,000 rpm. This low solid content was confirmed by
studies of turbidity as shown below. Then, it can be considered that
the extent of ZIF-8 formation in this solvent, compared with that of
the other solvents, was negligible. Meanwhile, when using acetone
a white precipitate was rapidly produced which corresponded to a
pure phase of ZIF-8 (Figs. 1 and 3) with the smallest crystallite size
(Table 1).

It should be noted that the syntheses in water and DMF that we
report in this work did not lead to previously reported results be-
cause other conditions were used, which surely are not the opti-
mum conditions to obtain the material in these two solvents. In
particular, we tried to keep constant the molar ratio of the reac-
tants at the same value that was used with the alcohols. In this
way, we made sure that the observed effects were only related to
the properties of the solvents. Our experiments show a remarkable
effect of the solvent in the reaction between Zn2+ and 2-methylim-
idazole, which can lead to the formation of both an undesired
phase (in water) and developed phases of ZIF-8 with different sizes
and degree of crystal aggregation (in alcohols and acetone) under
the same synthesis conditions. It could also lead to practically inhi-
bit the phase evolution (in DMF). All the solvents used (protic and
aprotic) were polar and had different capabilities to dissolve and to
solvate Zn2+, NO3

� ions and the organic ligand because of their dif-
ferent dielectric constants, dipole moment and van der Waals vol-
ume [24]. However, the studied solvents had other properties that
would modulate the assembly between the organic ligand and the
metal center in the formation process of ZIF-8. In this sense, a ser-
ies of parameters that characterize specific molecular interactions
for different types of solvents, called solvatochromic parameters,
have been defined [33]. They were obtained with appropriate sol-
utes so that the contribution of each type of molecular interaction
can be discriminated and differs from other macroscopic proper-
ties such as the permittivity (e). Among these, parameters ET-30
(defined as a polarity index), a (which characterizes the ability of
hydrogen bond donation, or HBD), and b (which represents the
capacity to accept and stabilize protons) are the most relevant ones
in this analysis.

It can be seen (Table S1) that while DMF has an ET-30 value
comparable to that of the alcohols, in this solvent no evolution of
the ZIF-8 was verified. Besides, water (where no ZIF-8 phase devel-
oped) has the highest ET-30 value of the series. This may suggest
that an optimum value of this parameter is needed. However, as
acetone has a lower ET-30 value than DMF, the connection be-
tween the ZIF-8 formation and the ET-30 parameter is discarded.
When analyzing b (Table S1), it can be seen that all the solvents
studied have the capacity to accept and stabilize protons, but nei-
ther of them shows a clear correlation between the ZIF-8 evolution
or crystal characteristics with this parameter.

By contrast, when the a parameter of the solvents is analyzed
(Table 1), a clear correspondence with the results can be observed.
For DMF, which is an aprotic solvent that has a non-polarized
hydrogen atom, the value of a is zero. Meanwhile, water has the
highest a value, while acetone, despite being aprotic, has a certain
HBD capacity. The apparent correlation of the results obtained in
this work with the HBD capacity of the solvent suggests that this
parameter may affect the evolution of ZIF-8. Bertrán et al. [34] re-
ported that the formation of a Zn imidazolate initially involves the
coordination of the metal atom with the electron-deficient pyridi-
nic nitrogen of the imidazole group. This coordination polarizes the
proton of the pyrimidine group, then allowing another Zn2+ cation
to coordinate with the other nitrogen of the imidazole. In a solvent
with polar characteristics and capable of generating hydrogen
bonds, a greater lability of the pyrimidinic proton could be induced
facilitating the evolution of the reaction (see Fig. S3). Fig. 4 shows
the relationship between the crystallite size and the a values,
which verifies a good correspondence that only moves away from
the apparent trend in the case of n-octanol. However, as this last
alcohol has a long carbon chain, other factors that are simulta-
neously involved (such as the ion solvation capacity and dispersion
of the formed crystals) may have a greater influence in this case.

The relationship between the progress in ZIF-8 formation and
the solvent interaction agrees with the results found by Moh
et al. [35], who monitored by in situ AFM the molecular assembly
of ZIF-8 during its synthesis in methanol. They concluded that the
formation of the ZIF-8 is dependent on the presence of non-frame-
work species (solvent) that provide interactions that stabilize the
pores of the network during the crystal growth. The interaction be-
tween solvent and framework was also suggested from crystallo-
graphic data reported for ZIF-8 [2], which indicated the presence
of solvent molecules near the hydrogen atoms of methylimidazo-
late groups.

Evolution of the ZIF-8 nanocrystal formation

The rates of the formation of the solids in the series of alcohols,
except for methanol, were very high and turbidity was immedi-
ately observed when the reagents were mixed. The turbidity, mea-
sured as the intensity of the scattered light, depends on the particle
concentration, size, shape, and aggregation [36]. The turbidimetric
curves (Fig. 5a) show that within the first 5 min the rate of solid
formation was high and similar for all the alcohols, except for
methanol. For the latter, a plateau for about 90 s is observed which
indicates an induction period [9]. Then the turbidity raised due to
an increase in the number of particles (nucleation) and in the par-
ticle size (growing), as already proposed for these synthesis condi-
tions [10]. After about 20 min, the turbidity change became
smaller, which is compatible with a low crystal growth rate caused
by a capping effect of the ligand on the surface of the crystals
[9,16]. In contrast, the evolution of the solids in the other alcohols
showed a fast initial rate, which decelerated from approximately



Fig. 5. Turbidimetric curves during syntheses in different solvents: (a) alcohols; (b)
non alcohols.

Fig. 6. XRD patterns of the materials synthesized at 60 s employing alcohols
different from methanol.

E.L. Bustamante et al. / Journal of Colloid and Interface Science 424 (2014) 37–43 41
60 s (dotted line). As shown below (Ultrafast synthesis of ZIF-8
nanocrystals), this evolution corresponds to a crystallization pro-
cess. The maximum observed for n-octanol was due to the forma-
tion of large aggregates, which were later partially redispersed. The
amount of solid produced in DMF was very low and remained vir-
tually unchanged throughout the analyzed period (Fig. 5b). Mean-
while, the curve corresponding to the synthesis in acetone shows a
faster increase at the beginning of the reaction, which reflects the
rapid nucleation and crystal growth in this solvent, in agreement
with the XRD results.

On the other hand, the proton concentration in the different sol-
vents was followed and measured as an apparent pH. A sharp ini-
tial drop was observed in all synthesis mixtures (Fig. S6) which can
be assigned to the acidity introduced by the zinc solution and the
ligand deprotonation during the reaction. The drop of the apparent
pH (DpH) in all mixtures ranged between 2.1 and 2.7 (Fig. S6) and a
clear correlation between the extent and/or the rate of crystalliza-
tion and the acido-base properties cannot be established. This evi-
dence reinforces the hypothesis that the formation of ZIF-8 is
influenced by interaction effects of the solvent rather than by the
acidity-basicity of the medium. This can also be related to the stud-
ies of formation of polymeric imidazolates in solid phase [30]. In
this sense, it was observed that the imidazole does not react with
very basic oxides, indicating that the first step of the reaction is not
the removal of pyrrolic hydrogen but the complexation of the
pyridinic nitrogen by the cation, with the subsequent release of
the proton. This process is further enhanced by binding the
expelled proton to a basic entity, such as imidazole, nitrate or
the solvent.
Ultrafast synthesis of ZIF-8 nanocrystals

Given the high rates of solid formation using alcohols different
from methanol, the solids produced after 60 s were collected and
analyzed by XRD. Their diffractograms surprisingly exhibited sig-
nals of well-evolved and pure ZIF-8 phases (Fig. 6), indicating that
the evolution of solids at the initial stages is due to a rapid crystal-
lization process. To our knowledge, these are the highest crystalli-
zation rates reported so far for the various synthetic protocols for
obtaining this MOF [2,9–22]. The efficiency of the synthesis was
somewhat lower compared to that produced at 120 min but re-
mains around 20–30% (Table S1). The crystallite sizes of the ob-
tained solids were generally slightly lower than those found at
120 min, and in some cases (for example in 2-propanol and 2-buta-
nol) practically remained constant (Table 1). These trends are in
agreement with the low slope of the turbidimetric curves beyond
60 s (dotted line in Fig. 5a). Moreover, the processing of XRD sig-
nals yield crystallinity values practically identical to those of the
materials obtained after 120 min. The evolution of the nanocrystal
size is exemplified with the solids obtained in n-propanol, which in
the course of 1 h increased their crystallite size only about 3.3 nm
(Fig. S7). Since the fast crystallization is reflected by the change in
turbidity at the first moments, a relative initial crystallization rate
(r0

rel) can be estimated relating the turbidity after 60 s for each alco-
hol (except for n-octanol in which agglomerates were produced)
with respect to that of methanol (Table 1). It can be observed that
the growth rate in any alcohol other than methanol was an order of
magnitude greater, while it was very low in DMF. The FTIR spectra
of these solids (Fig. S8) correspond to a pure phase of ZIF-8 and no
signals from minority phases can be detected (such as unreacted 2-
methylimidazole), confirming that the formation of the ZIF-8 struc-
ture proceeded completely.

In the topographic AFM image of the sample synthesized at 60 s
in n-propanol (Fig. 7a), rounded edges can be observed, similar to



Fig. 7. AFM images (up) and topographic profiles (down) of ZIF-8 nanocrystals synthesized in n-propanol at different times: (a) 60 s; (b) 480 min.
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those seen at longer times (Fig. S2). The topographic profile indi-
cates a high aspect ratio of the crystals, with a height of about
17 nm in agreement with the estimations made by XRD. The sam-
ple synthesized at 480 min (Fig. 7b) slightly increased its crystal
size to about 22 nm, while keeping the flattened profile with
rounded edges. Furthermore, all the nanocrystals obtained at 60 s
showed a thermal stability up to �400 �C (Fig. S9), which is compa-
rable to that verified on materials obtained after 120 min and on
other reported ZIF-8 nanocrystals [9,12,13,19]. In the TGA profiles
of the activated crystals, the small mass loss up to 300 �C (<3%)
may be due to the release of water adsorbed at the crystal surface
and residuary solvent inside the pores. Subsequently, near 400 �C,
the sharp mass loss is due to the collapse of the framework with
release of organic material. The differences in the temperatures
at which this occurs may be linked to variations in the packing be-
tween the aggregated nanocrystals, which generate different mass
transfer resistances to remove the degradation products.
Conclusions

ZIF-8 nanocrystals were synthesized at room temperature in
solvents other than those already reported for the synthesis of this
MOF. More precisely, a series of aliphatic alcohols and acetone
were employed as solvents. These syntheses allowed obtaining
pill-like nanocrystals having rounded edges, with variable relative
crystallinity, crystallite sizes and aggregation. In contrast when
water was used under the same synthesis conditions, the ZIF-8
phase was not obtained whereas in DMF the extent of ZIF-8 forma-
tion was very small. These findings show a remarkable effect ex-
erted by the solvent in the reaction between the Zn2+ and 2-
methylimidazole, and suggest that it plays a role as a secondary
structuring agent (SDA) modulating and guiding the formation of
the ZIF-8 phase.

The progress of the reaction seems to be influenced by molecu-
lar interactions between the reagents and the solvent with hydro-
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gen bond donation (HBD) ability, which probably increases the
polarization of the pyrimidinic hydrogen, facilitating its deproto-
nation and subsequently its coordination with Zn2+ to follow the
reaction. The crystallization rates in non-methanol alcohols were
higher than those reported for methanol [9,10], and allowed the ul-
tra fast synthesis (60 s) of nanocrystalline ZIF-8 (16–28 nm) which
maintained their structural integrity up to about 400 �C. These re-
sults demonstrate the importance of the solvent in the crystalliza-
tion kinetics and evolution of ZIF-8 nanocrystals.
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