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Controlled Synthesis of Porous Coordination-Polymer
Microcrystals with Definite Morphologies and Sizes under Mild
Conditions
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Abstract: Herein, we report a facile and convenient method
for the synthesis of the porous coordination polymer MOF14 [Cu3(BTB)2] (H3BTB = 4,4’,4’’-benzene-1,3,5-triyl-tribenzoic
acid) as microcrystals with definite shapes and crystal facets
controlled by the reaction medium at room temperature.
The amount of sodium acetate added to the reaction system
plays a crucial role in the shape evolution of MOF-14 from
rhombic dodecahedrons to truncated rhombic dodecahedrons and cubes with truncated edges and then to cubes.
The addition of a base could accelerate the formation rate

Introduction
Over the past decade, crystals with specific morphologies and
sizes have attracted great interest from researchers because
the physical and chemical properties of crystals are intensively
determined not only by their chemical composition, but also
by the morphology, size,[1] and the exposed facets of the crystals.[2] For example, noble-metal nanocrystals with high-energy
facets generally show much higher catalytic activity than such
crystals with low-energy facets.[3] Therefore, the controlled synthesis of crystals with specific crystal facets is desired, but still
a challenge.
Porous coordination polymers (PCPs) or metal–organic
frameworks (MOFs), which are considered as a unique class of
inorganic–organic hybrid material with metal centers and organic linkers,[4] have received growing attention in recent years
because of their tailored pore structure; high surface area; interesting properties, such as gas adsorption; and potential use
in storage,[5] drug release,[6] sensing,[7] membranes,[8] and catalysis.[9] In addition, relative to the bulk MOFs materials, nanosized MOF (NMOF) materials have become increasingly interesting because their nano-/microstructure, morphology, size,
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of crystal growth and increase the supersaturation of crystal
growth, thus resulting in the formation of MOF-14 cube crystals with high-energy crystal facets. The morphological evolution was also observed for HKUST-1 [Cu3(BTC)2] (H3BTC =
1,3,5-benzenetricarbocylic acid) from octahedrons to cubes,
thus verifying the probable mechanism of the morphological
transformation. The gas-adsorption properties of MOF-14
with different shapes were studied and reveal that the
porous coordination-polymer microcrystals display excellent
and morphology-dependent sorption properties.

and crystal facets play an important role in determining the
property and application of NMOFs materials.[10] Therefore,
controlled synthesis of well-defined NMOFs crystals with definite morphology, size, and specific exposed crystal facets is
highly desirable. However, it is still difficult to develop a facile
synthetic method to achieve such a target due to the variety
in MOFs structures and various factors that affect the crystal
shape and size.
To date, several strategies have been employed to fabricate
NMOFs, such as direct precipitation,[11] hydro-/solvothermal
techniques,[10b, 12] and microwave-assisted,[13] sonochemical, and
electrochemical syntheses.[14] Among these approaches, direct
precipitation at room temperature, in which solutions of metal
salts and organic linkers are mixed directly, is the simplest
method to produce NMOFs. On the other hand, the use of various additives is an important synthetic approach to the fabrication of NMOF materials with tunable morphologies and sizes
because the additives can affect the nucleation and growth
process of NMOFs. Coordination modulators, such as monocarboxylic acids and their salts, have been widely used as the additives or capping agents for the preparation of NMOFs, which
can alter the coordination equilibrium at the crystal surface
during the nucleation and growth process.[13, 15] Kitagawa and
co-workers used the combination of coordination modulation
and microwave synthesis to control the size and morphology
of HKUST-1 [Cu3(BTC)2] (H3BTC = 1,3,5-benzenetricarbocylic
acid), in which dodecanoic acid was employed as the coordination modulator.[13] Fischer and co-workers obtained stable and
size-selected MOF-5 colloids by the addition of para-perfluoroethylbenzoic acid as a capping reagent.[15] Furthermore, Nheterocyclic compounds and alkylamines were also used as coordination modulators in the synthesis of MOFs.[16, 17] Oh and
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co-workers reported that the addition of pyridine in the solvothermal synthesis of In-MIL-53 [In(OH)(BDC)] (H2BDC = 1,4-benzenedicarboxylic acid) could manipulate the morphology of
the microsized crystals.[16] Huber and Wiebcke reported a rapid
room-temperature production of ZIF-8 (ZIF = zeolitic imidazolate framework) crystals of different sizes by employing an
excess of auxiliary ligands, such as 1-methylimidazole and nbutylamine.[17] In addition, other kinds of additive, including
surfactants and polymers, also have been used to control the
morphology and size of NMOFs, which could suppress the
growth of specific crystal facets.[11a, 18, 19] Our previously reported
HKUST-1 crystals with a controllable morphology from cubes
to octahedrons have been readily synthesized at room temperature by adjusting the concentration of cetyltrimethylammonium bromide (CTAB).[11a] Eddaoudi and co-workers reported that
highly monodisperse MIII-soc-MOFs (MIII-based square-octahedral metal organic frameworks, M = In and Ga) with a morphological evolution from simple cubes to complex octadecahedra were achieved by using a series of surfactants and structure-directing agents.[18] The porous coordination polymer
[Cu2(PZDC)2(PYZ)] (PZDC2 = pyrazine-2,3-dicarboxylate, PYZ =
pyrazine) crystals with tunable sizes were prepared in a predictable manner by the addition of the organic polymer poly(vinylsulfonic acid) as a sodium salt.[19] However, an investigation of
other types of additive, such as acids or bases, to control the
morphology and size of NMOFs, especially by inducing the
crystal-morphological evolution of polyhedrons with specific
crystal facets, has not been realized so far to the best of our
knowledge. Although it is known that the pH value of the reaction mixture can affect the nucleation rate, thus, controlling
the particle size as a consequence, detailed studies on the
morphological evolution of NMOFs crystals are rare.[20]
Herein, we report a simple and straightforward method for
the morphology-controlled synthesis of porous coordination
polymers by using different bases, such as sodium acetate,
aqueous ammonia, triethylamine, and NaOH, in an aqueous solution with ethanol at room temperature. We chose the previously reported porous coordination polymers MOF-14
[Cu3(BTB)2] (H3BTB = 4,4’,4’’-benzene-1,3,5-triyltribenzoic acid)
and HKUST-1 as the candidate materials because they have dicopper paddle-wheel secondary building units, unsaturated
metal centers upon activation, high porosity, and large specific
surface areas.[21] The gas-adsorption properties of MOF-14 with
different shapes were studied.

Results and Discussion
In contrast to the solvothermal and mechanochemical synthetic methods reported previously,[21, 22] a facile and convenient
method for the synthesis of MOF-14 was developed in this
study. MOF-14 microcrystals were obtained through a solution
approach at room temperature by using sodium acetate as an
additive. The molar ratio of sodium acetate/H3BTB plays an important role in determining the shape and size of the MOF-14
polyhedral microcrystals. In the absence of sodium acetate, the
mixed solution of H3BTB and Cu(NO3)2·3 H2O remained transparent for a few minutes and then a blue precipitate formed
Chem. Eur. J. 2014, 20, 14783 – 14789
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Figure 1. SEM images and high-magnification SEM images (inset) of MOF-14
microcrystals prepared with different amounts of sodium acetate: a) 0, b) 1,
c) 2, d) 3, e) 4, and f) 5 equivalents.

gradually; however, the products of the blue precipitate appeared immediately when sodium acetate was added into the
reaction solution, thus implying that sodium acetate significantly accelerates the rate of formation of the products.
Figure 1 shows the SEM images of the samples obtained
with different amounts of sodium acetate. The crystals prepared without the addition of sodium acetate are rhombic dodecahedrons and the mean particle size is about 3–5 mm (Figure 1 a). When one equivalent of sodium acetate (given below
as equivalents with respect to H3BTB) was added, truncated
rhombic dodecahedral crystals with average sizes of 2–3 mm
were observed as illustrated in Figure 1 b. Two equivalents of
sodium acetate also resulted in the formation of truncated
rhombic dodecahedral crystals; however, the squares on the
crystal surface became larger (Figure 1 c). The particle morphology changed to cubes with truncated edges with average
sizes of 2 mm in the presence of three equivalents of sodium
acetate (Figure 1 d). Figure 1 e shows that four equivalents of
sodium acetate leads to the formation of cubic crystals, and
the particle size is about 1 mm. When the amount of sodium
acetate was further increased to five equivalents, rodlike crystals with narrow diameter distributions of approximately 1 mm
in length and 100 nm in width were achieved (Figure 1 f). Obviously, with the amount of sodium acetate increased, an evolution of particle morphology from rhombic dodecahedron, truncated rhombic dodecahedron, and cube with truncated edges
to cube was observed. Meanwhile, the particle size decreased
gradually.
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Figure 2. PXRD patterns of MOF-14 microcrystals prepared with different
amounts of sodium acetate: a) 0, b) 1, c) 2, d) 3, e) 4, and f) 5 equivalents.

The structures of the samples prepared with different
amount of sodium acetate were studied by powder X-ray diffraction (PXRD). All the characteristic diffraction peaks of MOF14 were identified, and all the samples were pure-phase MOF14 (Figure 2). The absence of sodium acetate in the products
was further confirmed by elemental analysis (see the experimental details in the Supporting Information). Remarkably,
when five equivalents of sodium acetate were added, all the
characteristic diffraction peaks became very weak and the
sample became amorphous. The above results indicate that
the addition of sodium acetate not only accelerates the formation rate and affects the particle morphology and size of MOF14, but also affects the structure of MOF-14.
FTIR spectroscopic data were used to characterize the obtained MOF-14 samples, which further support the chemical
composition of the products (see Figure S1 in the Supporting
Information). All the samples show similar characteristic bands
in their IR spectra. The characteristic bands at ñ = 1585 and
1401 cm 1 belong to the stretching vibrations of nas( COO )
and ns( COO ) of the carboxylate group of the BTB3 ion, respectively, thus indicating that the carboxylate groups of the
ligand are coordinated to the CuII center. In addition, the
broad band at around ñ = 3420 cm 1 indicates the presence of
water molecules. The absence of characteristic bands of free
H3BTB at ñ = 1611 and 1283 cm 1, which belong to the stretching vibration of the C=O and C OH groups, respectively, indicates that H3BTB is completely deprotonated in MOF-14.
Typical thermogravimetric analysis (TGA) curves of MOF-14
microcrystals with different morphologies show that all the
samples have similar weight-loss processes (see Figure S2 in
the Supporting Information). The TGA curves recorded in N2
exhibit two major weight losses in the temperature range 30–
500 8C. The first weight loss below 200 8C is due to the elimination of solvent molecules. All the samples were stable up to
250 8C, in agreement with the reported stability of the bulk
crystal sample.[21] When the temperature was above 300 8C,
weight loss was observed, which is attributed to the decomposition of the framework. TGA results show that the microcrystal
samples are as stable as the bulk samples and are not affected
by the particle morphology greatly.
Chem. Eur. J. 2014, 20, 14783 – 14789
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It is known that sodium acetate is not only a base that can
deprotonate the H3BTB ligand to accelerate the rate of formation of the products, but the acetate ion is a good coordination modulator that affects the nucleation and growth process
of NMOFs. Acetic acid, which is considered as a good capping
agent in the coordination modulation method, was initially
chosen in the reaction system to explore the role of sodium
acetate during the nucleation and growth process of MOF-14.
When 1–4 equivalents of acetic acid with respect to the H3BTB
was added, the MOF-14 structures were not affected and the
crystal morphology was rhombic dodecahedron (see Figures S3
and S4 in the Supporting Information), thus implying that the
coordination role of the acetate ion does not work on the morphology of MOF-14 and the acid/base environment of the synthetic medium may determine the microcrystal morphology. A
set of experiments was performed subsequently by using
other kinds of base, including aqueous ammonia, triethylamine, and NaOH to verify this assumption. The particle morphology transforms from truncated rhombic dodecahedron to
cube with the addition of 1–3 equivalents of ammonia (Figure 3 a–c). When 1–3 equivalents of triethylamine was added,

Figure 3. SEM images of MOF-14 microcrystals prepared with different
amounts of ammonia: a) 1, b) 2, and c) 3 equivalents; triethylamine: d) 1,
e) 2, and f) 3 equivalents; and NaOH: g) 1, h) 2, and i) 3 equivalents.

truncated rhombic dodecahedrons and cubes were obtained
successively (Figure 3 d–f). These two kinds of base that contain nitrogen atoms may affect the coordination equilibrium
during the nucleation and growth process of MOF-14; therefore, the inorganic base NaOH was used to further verify our
assumption. Truncated rhombic dodecahedrons, cubes with
truncated edges, and cubes were observed by the addition of
1–3 equivalents of NaOH to the reaction (Figure 3 g –i). According to these observations, the morphology-evolution process
of MOF-14 from rhombic dodecahedron to truncated rhombic
dodecahedron and then to cube can be achieved only dependent on the amount of base, thus indicating that the crystal
morphology is actually determined by the acid/base environment of the reaction.
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To demonstrate further that this synthetic strategy is general, sodium acetate and other bases were utilized to prepare
other NMOFs. HKUST-1,[23] which contains the benzenetricarboxylate ligand and possesses the same dicopper paddlewheel secondary building units, was selected as an example.
HKUST-1 was synthesized by mixing Cu(NO3)2·3 H2O and H3BTC
in a 1:1 (v/v) mixed solvent of ethanol and deionized water at
room temperature with different amounts of sodium acetate
and confirmed by means of PXRD measurements (see Figure S5 in the Supporting Information).
In the absence of sodium acetate, irregularly octahedral microcrystals were obtained by stirring at room temperature (Figure 4 a). When one equivalent of sodium acetate with respect

Figure 4. SEM images of HKUST-1 microcrystals prepared with different
amounts of sodium acetate: a) 0, b) 1, c) 2, d) 3, and e) 4 equivalents.

to H3BTC was added to the reaction mixture, the particle morphology also was octahedron as shown in Figure 4 b. On increasing the amount of sodium acetate to two equivalents, irregular truncated octahedrons and cuboctahedrons were observed (Figure 4 c). When three equivalents of sodium acetate
with respect to H3BTC was added, the particles have cuboctahedral shapes (Figure 4 d). A further addition of four equivalents of sodium acetate with respect to H3BTC in the reaction
mixture meant that the crystal morphology changed to truncated cube or cube (Figure 4 e). At the same time, the particle
size decreased from 2–3 mm to 500 nm with increasing
amounts of sodium acetate. When other bases, such as aqueous ammonia and NaOH, were employed, the particle morphology also transformed from octahedron to cuboctahedron
and finally to cube (see Figures S6 and S7 in the Supporting Information). The morphological evaluation of HKUST-1 was also
only affected by the amount of base, thus implying that the
particle shapes of porous coordination polymers can be determined by the acid/base environment of the reaction medium.
On the basis of these results, it can be concluded that the
shape-controlled synthesis of porous coordination polymers
can be achieved by adjusting the acid/base environment of
the reaction at room temperature in a mixed solvent of ethanol and water.
It is known that the morphology of crystals is mainly determined by the surface energy of the crystal facets and the crystallite enclosed by crystallographic facets with the lowest surface energy is the most stable structure and readily formed
Chem. Eur. J. 2014, 20, 14783 – 14789
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under ordinary conditions. At the same time, it has been proposed that the supersaturation of crystal-growth units during
the crystal-growth process could affect the surface energy,
thus controlling the shape and surface structures of the crystals. The crystal faces with higher surface energy will be observed with increased supersaturation of the growth units.[24]
In this study, the XRD diffraction peaks of MOF-14 can be indexed as a body-centered cubic (bcc) structure (a = b = c =
26.496 , a = b = g = 908, space group Im3̄), thus indicating
that MOF-14 adopts the bcc structure and the {110} surfaces
have the lowest surface energy, whereas the surface energy of
the {100} surface is higher than that of the {110} surface.[24]
Therefore, rhombic dodecahedral crystallites with 12  {110}
faces, which have the lowest surface energy and the most
stable structure, could be obtained with stirring without any
additives at room temperature. When sodium acetate was
added to the reaction system, the ligand H3BTB was deprotonated, and coordinates with the CuII center quickly, thus accelerating the formation of the crystal-growth units and yielding
a high supersaturation of crystal-growth units in the reaction
system. As a result, crystal facets {100} with higher surface
energy are formed. On increasing the amount of sodium acetate, supersaturation of the crystal-growth units also increases
and the area of crystal facets {100} get larger on the crystal surface. Therefore, truncated rhombic dodecahedrons and cubes
with truncated edges, which consist of {110} and {100} facets,
are obtained in succession. When the molar ratio of sodium
acetate/H3BTB was high enough, which causes higher supersaturation of the crystal-growth units, the low-energy surfaces
{110} totally disappeared, and MOF-14 cube crystals with six
high-energy surfaces {100} were finally achieved. In conclusion,
the addition of sodium acetate to the reaction system could
accelerate the formation rate of crystal-growth units and increase the supersaturation, thus resulting in the formation of
cubic MOF-14 crystallites with crystal faces of a higher surface
energy (Figure 5).
The formation of HKUST-1 with different morphologies can
also be explained by the above surface-energy-driven mecha-

Figure 5. A schematic illustration of the shape evolution of MOF-14 microcrystals with varied morphologies.
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nism (see Figure S8 in the Supporting Information). The crystal
structure of HKUST-1 (space group Fm3̄m) can be represented
as a face-centered cubic (fcc) structure, in which the surface
energy of the {111} facets is the lowest and the surface energy
of the {100} surfaces is higher than that of the {111} facet.[25]
Octahedral HKUST-1 crystallites with 8  {111} surfaces are the
most stable structure and are formed without any additives
under mild conditions. With the addition of sodium acetate to
the reaction mixture, the deprotonation rate of H3BTC accelerates and the crystal-growth units are rapidly yielded, thus resulting in higher supersaturation. Therefore, high-energy surfaces {100} appear and the particle shape of HKUST-1 changes
from octahedron to cuboctahedron (enclosed by 8  {111} and
6  {100} faces) and then cube (enclosed by 6  {100} faces). The
above discussion can explain the crystal-formation mechanism
and the role of the base in the reaction process. The addition
of the base accelerates the deprotonation rate of the carboxylic acid ligands and the reaction rate for the formation of
porous coordination polymers, thus increasing the supersaturation of crystal-growth units and resulting in crystals with specific crystal facets.
The solvent is another important factor that affects the particle morphology and size in the synthesis of MOFs, and the
volume ratio of ethanol/water plays a crucial role in the formation of MOF-14 of different morphologies. When the solvent
consists of 20 mL of 1:1 mixture of ethanol and water, individual spherelike superstructures accumulated by numerous polyhedral units were observed (see Figure S9 a in the Supporting
Information). On the addition of one equivalent of sodium acetate with respect to H3BTB, irregular microspheres with rough
surfaces were obtained (see Figure S9 b in the Supporting Information). Amorphous beltlike products emerged when two
equivalents of sodium acetate were added (see Figure S9 c in
the Supporting Information). Figure S10 a in the Supporting Information shows that the product is composed of rhombic dodecahedrons and that the surface of the product is rough in
the presence of 13.3 mL of ethanol and 6.7 mL of water. The
crystal morphology changed from spheres to cubes and rods
with increasing amounts of sodium acetate (see Figure S10 b–d
in the Supporting Information). Interestingly, cubes with truncated edges of about 1 mm were observed in 20 mL of ethanol
in the absence of water (Figure 6 a). Ligand H3BTB is soluble in
ethanol and has poor solubility in water; herein, we propose
that the higher solubility of H3BTB in ethanol benefits the formation of MOF-14 crystal-growth units and increases the supersaturation. Therefore, cubes with truncated edges with
high-energy surfaces were obtained. Remarkably, individual
spherelike and cubelike superstructures in the range of 1–2 mm
were obtained when 1–2 equivalents of sodium acetate with
respect to H3BTB were added, and the superstructures were accumulated by numerous cubic units (Figure 6 b, c). Particles of
about 50 nm were observed when more sodium acetate was
added (Figure 6 d). According to such results, the particle morphology and size are crucially affected by the volume ratio of
ethanol and water and the acid/base environment of the reaction system.
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Figure 6. SEM images and high-magnification SEM images (inset) of MOF-14
microcrystals prepared in ethanol with different amounts of sodium acetate:
a) 0, b) 1, c) 2, and d) 3 equivalents.

Figure 7. Adsorption and desorption isotherms of nitrogen (at 77 K) for
MOF-14 microcrystals prepared with different amounts of sodium acetate:
a) 0, b) 1, c) 2, d) 3, and e) 4 equivalents (solid and open markers represent
adsorption and desorption, respectively).

In an effort to explore potential applications and the morphology-dependent property of the polyhedral microcrystals,
gas-adsorption measurements were conducted on the MOF-14
microcrystals with different shapes prepared in the mixed solvent of ethanol and water (20 mL, 4:1 v/v). All the evacuated
samples show a characteristic type I sorption isotherm
(Figure 7), which is typical for microporous materials with
a high level of N2 adsorption at 77 K. The BET and Langmuir
surface areas of the samples prepared with different amount
of sodium acetate (see Table S1 in the Supporting Information),
thus implying that the sample prepared without sodium acetate has the highest BET surface area of 1841 m2 g 1 and Langmuir surface area of 2155 m2 g 1, which is much higher than
the reported value of 1502 m2 g 1 (Langmuir surface area) and
indicates an excellent specific surface area of microporous
MOF-14 crystals.[21] Increasing the amount of sodium acetate
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decreases the Langmuir surface area from 1617, 1561 to 1054,
967 m2 g 1, (see Table S1 in the Supporting Information) thus
indicating that the presence of sodium acetate has a significant
effect on the gas-adsorption property and decreases the Langmuir surface. The crystal morphology of exposed surfaces has
been reported as an important factor that could affect the gassorption property of MOF microcrystals.[10c,d, 26] In the case of
MOF-14, two exposed crystal facets {100} and {110} were determined by the different amounts of base and revealed two
porous channels with inconsistent orientations on the crystal
surfaces of the MOF-14 structure, which may lead to a differentiation in N2 uptake. Meanwhile, the lowest sorption amount of
the cubic crystals may also be attributed to the lowest crystallinity and growth defects caused by the fastest rate of the formation of the particles, which may block the channels. On the
basis of the above results, the surface area decreases with increasing amounts of added sodium acetate, and MOF-14 microcrystals with different shapes lead to different gas-adsorption properties.
The adsorption and desorption of N2 and CO2 at 273 K were
also performed for the MOF-14 microcrystals with different
morphologies (see Figures S11–S15 in the Supporting Information for the results). All the samples show remarkable CO2
uptake at 273 K and 1 bar, whereas little N2 adsorption was observed, thus indicating excellent adsorption selectivity for CO2
over N2 for MOF-14 microcrystals. The adsorption amount of
CO2 for MOF-14 at 273 K and 1 bar decreases with the morphological evolution from rhombic dodecahedron to cube,
which agrees well with the specific surface area; however, the
estimated adsorption selectivity for CO2 over N2 increases accordingly (see Table S1 in the Supporting Information).

Conclusion
We have demonstrated a general approach toward the facile
synthesis of porous coordination-polymer MOF-14 microcrystals with controlled morphologies and sizes by tuning the
acid/base environment of the reaction system at room temperature. Sodium acetate not only leads to a morphological evolution of MOF-14 microcrystals from rhombic dodecahedron to
truncated rhombic dodecahedron, cube with truncated edges,
and finally to cube, but also decreases the particle size by accelerating the nucleation rate of the particles. This simple synthetic method avoids the use of high pressure, heat, and harmful solvents such as DMF; furthermore, this approach results in
the formation of framework structures with well-defined morphologies, high crystallinities, and excellent gas-adsorption
properties. The applicability of this method was demonstrated
for the synthesis of HKUST-1, and the crystal morphologies and
sizes were also determined by the acid/base environment of
the reaction system. The gas-adsorption property of the MOF14 microcrystals was dependent on the morphology of the
particles.
Chem. Eur. J. 2014, 20, 14783 – 14789

www.chemeurj.org

Experimental Section
Preparation of MOF-14
All the commercially available chemicals and solvents were of reagent grade and were used as received without further purification. Ligand H3BTB was synthesized according to a reported
method.[27] In a typical experiment, H3BTB (22 mg, 0.05 mmol) was
dissolved in ethanol (16 mL) and deionized water (4 mL) under ultrasonic wave conditions. Sodium acetate (0–5 equiv with respect
to H3BTB) or other additives was added to this solution under stirring to give a clear solution. Cu(NO3)2·3 H2O (24 mg, 0.1 mmol) was
added to the reaction mixture with stirring at ambient temperature. The mixed solution was stirred for 30 min at room temperature, and blue precipitates were subsequently collected by centrifugation, washed with distilled water and absolute ethanol several
times, and dried under vacuum at 60 8C for 5 h (see the experimental details in the Supporting Information).

Preparation of HKUST-1
In a typical experiment, H3BTC (4.2 mg, 0.02 mmol) was added to
ethanol (25 mL) and deionized water (25 mL) under ultrasonic
wave conditions. Different equivalents of bases (sodium acetate,
aqueous ammonia, or NaOH) with respect to H3BTC were added
with stirring to this solution to give clear solution. Cu(NO3)2·3 H2O
in aqueous solution (0.3 mL, 0.1 m) was added to the reaction mixture with stirring at room temperature. After 30 min, blue precipitates were subsequently collected by centrifugation, washed with
distilled water and absolute ethanol several times, and dried under
vacuum at 60 8C for 5 h.

Characterization
The PXRD data of the products were collected on a Bruker D8 Advance X-ray diffractometer with CuKa (l = 1.5418 ) radiation at
room temperature. SEM observations were performed on a Hitachi
S-4800 field emission scanning electron microscope at an accelerating voltage of 5 kV. TGA was performed on a Mettler-Toledo
(TGA/DSC1) thermal analyzer in the temperature range 30–800 8C
in a nitrogen atmosphere with a heating rate of 10 8C min 1. FTIR
spectra were recorded on a Bruker Vector22 FTIR spectrophotometer in the range l = 400–4000 cm 1 with KBr pellets. N2 and CO2
sorption experiments were carried out on a Belsorp-max volumetric gas-sorption instrument. Surface areas were determined by
using the BET and Langmuir methods. The ratio of the initial slopes
of the CO2 and N2 adsorption isotherms was applied to estimate
the adsorption selectivity for CO2 over N2 according to a previous
report.[28] Prior to the N2 and CO2 sorption measurements, the samples were activated under vacuum at 373 K for about 5 h.
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