Orientated growth of Copper-based MOF for acetylene storage
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Abstract

Manipulating crystal growth of metal-organic frameworks (MOF) has great potential in achieving unique
properties for adsorption, separation and catalysis applications. For the first time, we used Mg/Al layered
double hydroxide (LDH) nanosheets as modulators to tune-the growth orientation of HKUST-1 without
either pore blockage or crystallinity degradation. Through the introduction of LDH during hydrothermal
process, HKUST-1 crystal shape transfers from octahedron with fully exposed {111} facets to
tetrakaidecahedron with both {100} and {111} facets. The exposure of {100} facet with large pore size
faciliates the activation of MOF, thereby providing more open metal sites. As a result, the micropore
volume and BET surface area increase remarkably from 0.75 cm®/g to 1.01 cm®/g and 2255m?%/g to 3001
m?/g, respectively. The tetrakaidecahedral HKUST-1 exhibits high acetylene uptake of 275 cm® (STP)/g

at 298 K and 1 atm, which.is the highest value ever reported to the best of our knowledge.
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Acetylene is an important feedstock for manufacturing many value-added chemical products and
polymer materials in petrochemical and polyester industries.[1-3] However, acetylene storage is a
daunting challenge because it becomes explosive when compressed to over 0.2Mpa at room
temperature.[4, 5] For safety purposes, acetylene is usually stored in special cylinders filled with
acetone and monolithic porous material, however this method suffers from low storage capacity,
low gas withdrawal rate and no bulk storage.[2, 6] It is thus of great significant to develop
economical and efficient porous materials with high acetylene storage.

Metal-organic frameworks (MOFs), consisting of inorganic metal centres coordinated with
organic linkers, emerge recently as promising candidates for separation[7, 8], adsorption[9] and
especially hydrocarbon storage[10-12] because of their exceptionally high microporosity,
coordinatively unsaturated metal sites and uniformly structured cavities. Previous research on
MOFs for acetylene storage mainly focused on designing new MOFs enriched with unsaturated
metal sites and suitable micropores. For-example, ZJU-12a with pore windows of 3.2 A to 6.4 A
and unsaturated copper metals exhibited a remarkable high acetylene uptake capacity (244 cm®/g
at 298K and 1 atm).[11] Besides structure design of MOF by new pair of metal sources and
organic ligands, orientated growth of MOFs with controllable pore geometry[13] and specific
exposed facet[14] is an alternative strategy to improve the adsorption performance.

The crystal orientation of MOFs can be well controlled by epitaxial growth of MOFs on
functionalised crystalline substrates. By using substrates with —COOH or —OH terminated self-
assembled monolayers (SAMs), uniformly orientated three-dimensional MOFs (e.g. HKUST-
1[13, 15], MOF-5[16]) can be grown epaxially in a layer-by-layer fashion, repeating immersing
the substrate in a metal ion solution and a ligand molecules solution.[17] However, this method is
very complex and time consuming, thereby not efficient and economical feasible for large-scale

synthesis. Alternatively, chemical additives, such as surfactants, polymers and carboxylic acids



and their salts, have also been used as blocking agents, capping agents or modulators, showing
high efficiency and repeatability for the orientated growth of MOFs.[14] For instance, lauric acid
was used as the modulator to transform the HKUST-1 crystals from octahedron to
tetrakaidecahedron and cube through accelerating the growth rate of <111> direction. ‘However,
these additives may induce crystallinity defects,[18] and are also difficult to be removed from
MOFs micropore structures, thereby occupying the micropores and limiting the gas adsorption
capacity. For example, adding cetyltrimethylammonium bromide (CTAB) during HKUST-1
synthesis facilitates the formation of nanocubes, but significantly reduced the specific surface area
of the nanocubic product compared to the pristine HKUST-1.[{18]

Herein, we developed a facile strategy to control the growth orientation of HKUST-1 without
inducing pore block or crystallinity degradation, illustrated in Scheme 1. By using two-
dimensional LDH nanosheets as modulator, the crystal shape of HKUST-1 could be changed from
octahedron to tetrakaidecahedron and cube. After the shape manipulation, {100} facets are
exposed gradually. The window size of {100} facets is 9 A (for the purple pore cage) which is
larger than that of {111} facets (4.6 A, for the yellow sphere). That means, compared to
octahedral HKUST-1fully exposed with {111} facets, the tetrakaidecahedral and cubic crystals
can be activated more efficiently, leading to the enhancement of adsorption capacity by further
increase of ‘microporosity and surface area. By wusing this strategy, the as-obtained
tetrakaidecahedral HKUST-1 exhibits superior acetylene uptake than reported MOFs and other
porous materials. We hope this concept can pave a novel way to design MOFs materials for

sufficient hydrocarbon storage.

2. Experimental

2.1 Materials



All chemicals including magnesium chloride hexahydrate (MgCl,*6H,0, 99%), aluminium
chloride hexahydrate (AICI3*6H,0, 99%), sodium hydroxide (NaOH, 98%) and sodium carbonate
(Na,COs3, 99%), copper (1) nitrate trihydrate (Cu(NO3)2*3H,0, 99%), 1,3,5-benzene tricarboxylic
acid (HsBTC, 95%), N,N-dimethylformamide (DMF, 99.5%), were purchased from Sigma-
Aldrich without further purification. AR grade ethanol and methanol were obtained from Merck.

2.2 Synthesis of Mg/Al-LDH

Mg/Al-LDH nanosheets were prepared based on a reference[19] with some modifications. 10ml
salt solution containing 0.2M magnesium chloride hexahydrate and 0.1M aluminium chloride
hexahydrate were added into 40ml mixed basic solution containing 0.15M sodium hydroxide and
0.013M sodium carbonate under vigorously stirring for 30 minutes. The obtained LDH was
washed by centrifuging and redispersing in deionized water for twice. Redispersing the LDH
precursor in 45 mL of deionized water, theslurry was then transferred into a steel autoclave to
heat at 100 °C for 16 hours. The obtained LDH (0.4 g) was re-dispersed in 15 mL of deionized
water for the use in HKUST-1 synthesis.

2.3 Synthesis of orientated HKUST-1

HKUST-1 was prepared by solvothermal synthesis similar to previous work.[20] About 0.335 g
HsBTC was dissolved in 10 ml of a 1: 1 mixture of ethanol and N,N-dimethylformamide. In
another beaker, 0.692 g copper (II) nitrate trihydrate were dissolved in 5 mL water. For
controlling crystal growth orientation, different amount of above LDH slurry (0, 2.8 and 4.7 mL)
were mixed with metal precursor solution under sonication. Then metal solution and organic
ligand solution were mixed and stirred for 15 minutes before transferring into a Teflon-lined
stainless steel autoclave. After hydrothermal reaction at 100 °C for 7 h, blue crystals were
obtained and then washed by DMF and methanol for 6 times. During each washing process,

ultrasonic was utilised at the first 10min and then the supernatant solvents with small crystal were



replaced with fresh methanol for another two hours.. The final supernatant solvents should be
clear and the blue products were dried in a vacuum oven at room temperature for 2 h and then
60 °C for 8h.

Time-dependent experiments were carried out as normal procedure. The difference was that after
heating for certain time the autoclave were cooled to room temperature in 5 minutes and then the
as-prepared crystals were separated immediately by centrifugation. After washed with methanol
for twice, all products were collected by centrifugation.

2.4 Characterization

The X-ray diffraction spectra (XRD) of as-obtained HKUST-1 crystals were obtained with a
Bruker Advanced X-Ray Diffractometer (40 kV, 30 mA) with Cu Ka (A=0.15406 nm) radiation at
a scanning rate of 1°/min from 5° to 50°. Electron microscope images of synthesised samples were
collected on a JEOL JSM-7001F scanning electron microscopy with X-ray energy dispersive
analysis spectroscopy (EDS) and a JEOL JEM2100 LaBg S transmission electron microscopy
operated at 200 kV. Thermogravimetric analysis was carried out using a Perkin EImer Instruments
STA 6000 Thermo Gravimetric Analyser with a heating rate of 5 °C form 30 to 800 °C under air.
Inductively Coupled Optical Emission Spectrometer (ICP-OES) analysis was performed using a
Perkin EImer Optima 8300 DV.

Gas sorption isotherms were performed on a Micromeritics TriStar 11 3020 and samples were
degassed at 150 °C for 12 h. The N, sorption measurement was maintained at 77 K. The C;Hy,
CO; and C,Hg sorption measurements were performed at 273 K with an ice-water bath and at 298
K with a water bath. Total specific surface areas were determined by the BET method using
relative pressure of 0.01-0.05. Micropore volumes were obtained by both t-plot (N2, 77K) and
Dubin method (CO,, 273K). Pore size distribution was determined by density functional theory

(DFT) method using CO, adsorption isotherm at 273K.



3. Results and discussions
3.1 Synthesis of HKUST-1 with different morphologies

Figure 1 shows the morphology of HKUST-1 crystals obtained by adding different amount of
Mg/Al-LDH (LDH/BTC molar ratio=0, 0.03 and 0.05) during solvethermal synthesis. The
samples synthesized without the addition of LDH (refer to Mg/Al-LDH) are typical octahedron
and the mean size of particle is about 12 um (Figure la and Sla). When LDH slurry was added
(LDH/BTC molar ratio=0.03), tetrakaidecahedral (Figure 1b and S1b) crystals with average size
of 9 um can be obtained. Cubic crystals (Figure 1c and S1c) with average 6 um particle size can
be achieved with further increment of LDH addition (LDH/BTC molar ratio=0.05). Obviously,
the shape of as-prepared products transferred from octahedron to tetrakaidecahedron and cube
with reduced crystals size (Figure S1).

To identify the crystalline structures of the samples, powder X-ray diffraction measurement was
performed. Figure 2 presents the corresponding XRD patterns of octahedral, tetrakaidecahedral
and cubic samples. It is clearly that all the characteristic diffraction peaks of crystal products
match well with the simulated peaks of HKUST-1. And the relative peak intensities of 6.75°,
9.51° and 13.47° of cubic HKUST-1, assigning to the (200), (220) and (400) lattices, respectively,
significantly increase as compared to those of octahedral HKUST-1, indicating a preferential
crystal growth of HKUST-1 along the <100> direction. In addition, no characteristic reflections
for impurity phases were detectable in XRD pattern. Meanwhile, no Mg and Al signal can be
observed in localised EDS scan of HKUST-1 crystal synthesised by LDH modulation (Figure S3),
indicating the obtain of high purity HKUST-1. ICP-OES was further applied to analyse the
potential existence of impurity in modulated HKUST-1. As shown in Table S1, trace amounts of
Mg (0.003~0.01 wt%) and small amounts of Al (0.16~0.36 wt%) was detected among the

tetrakaidecahedral and cubic HKUST-1 and their residual concentrations increased with LDH



modulation content. As a conclusion, only negligible LDH was incorporated into the HKUST-1
products during the modulation, while small amount of Al containing impurities can be formed at
high LDH modulation condition.

3.2 Growth mechanism of various morphologies of HKUST-1

In order to gain an insight into the evolution process of HKUST-1 morphologies,-a series of time-
dependent solvothermal experiments was carried out and the process of crystal growth was
monitored by SEM and XRD (Figure 3). It is noteworthy that negligible amount of crystals were
obtained before solvethermal process at the absent of LDH. However, large amount of crystals
could be obtained after 15min stirring when LDHs were added. This phenomenon is attributed to
the hydroxyl groups on the surface of LDH that can deprotonate the H3BTC ligand. As a result,
the crystal-growth units were rapidly yielded and much more crystal were obtained compared to
the case without LDH. [21] As shown in Figure 3a-c, octahedral crystals grew gradually alone
<111> direction at the absence of LDH. When medium amount (LDH/BTC =0.03) of LDH was
employed, the evolution from octahedron to tetrakaidecahedron (Figure 3e-g) and preferential
growth alone <100> (Figure 3h) were observed during crystal growth. Further increase of LDH
(LDH/BTC =0.05) resulted in the formation of tetrakaidecahedral crystals even before the
solvothermal reaction (Figure 3i). This result could be explained by surface-energy-driven
mechanism.[21] The surface energy of {111} facets is lower than the {100} surface. Octahedral
crystals with 8 {111} facets are the most stable structure and could be formed without any
additives. With the addition of LDH, supersaturation of HKUST-1 crystal-growth units increased
significantly, resulting the appearance of tetrakaidecahedral HKUST-1 with high-energy surfaces
{100}. During the solvethermal process, the surface {100} facets of the tetrakaidecahedral

HKUST-1 became larger, therefore the shape transformation to cubic crystals occurs at 60min



solvothermal reaction (Figure 3k). The orientated growth alone <100> can also be observed from
the increase of relative intensity of (200) and (400) in Figure 3l.

To probe the intrinsic factors governing the orientated growth of HKUST-1, the time-dependent
concentrations of Cu, Al and Mg ion in reaction solution of HKUST-1 (LDH/BTC =0.03) were
measured. As shown in Figure S5, the concentration of Al and Mg ions increased gradually by
leaching LDH. Then the Al ions concentration decreased gradually after the appearance of
tetrakaidecahedral HKUST-1 (~45 min), while the Mg ions concentration remained at same level.
This phenomenon indicates that the Al ions play an important role on the preferential growth of
HKUST-1. To further investigate the crystal growth mechanism, the comparison experiments was
conducted subsequently by directly adding aluminium nitrate into the precursor solution instead
of LDH. As presented in Figure S6, octahedral crystals began to appear after 30min solvothermal
reaction, while the nucleation of HKUST-1 synthesized without Al ions was occurred in short
time (<15min) . This implied that the coordination of Cu ions and BTC ligands was suppressed
because of the competing reaction of Al ions and BTC ligands. With prolonging the reaction time,
tetrakaidecahedral (Figure S6b), truncated cubic (Figure S6c¢) and cubic (Figure S6d) crystals
were obtained. Notably, many rod-like micron-sized impurities can be observed in the final
products. The EDS in Figure S3e displays that there is Al signal in those rods, implying that the
impurities was formed because of the reaction of Al ions and BTC ligands. The morphology
evolution could be explained by the BFDH (Bravais, Friedel, Donnay and Harker) law.[22]
According to the law, different facets of crystal have different growth rate and the slowest growth
facet dominates the shape of crystal. The growth rate of a facet is inversely proportional to the
lattice spacing, dhkl.[23] As to HKUST-1, {111} face with largest d-spacing (15.1723A) has
lowest growth rate, resulting in the formation of octahedral crystals with 8 {111} facets at the

absence of additives. When Al ions were involved, it could compete with Cu ions to link with



BTC ligands, which constrained the growth rate of {100} facets profoundly. Therefore, when the
growth rate of {100} facets and {111} facets were very close (v {100} =~ vq1113), tetrakaidecahedral

HKUST-1 will be obtained. When increasing the amount of LDH, more Al ions could be released
and vgi00y became much smaller than vyi113, leading to the formation of cubic HKUST-1.

The potential mechanism of orientated HKUST-1 growth by LDH modulation is illustrated in
Scheme 2. Overall, there are two stages in the formation of HKUST-1: nucleation and crystal
growth. In the first stage, the addition of LDH could accelerate the deprotonation of H3BTC,
resulting in high supersaturation and fast nucleation rate. Thus the formation of tetrakaidecahedral
crystal with {100} facets can be facilitated at early stage. ‘In the second stage, the preferential
growth of {100} facets was induced by the competitive reaction between Al ions and Cu ions with
BTC ligands, resulting in the shape evolution.

3.3 Stability, surface area and pore volume analysis

Thermal and chemical stability of the materials is essential for industrial application.[24, 25] The
TGA curves of serials of HKUST-1 crystals are presented in Figure 4a. Similar to referenced
HKUST-1[26, 27], all samples with different shapes are thermally stable up to 250 °C and have a
similar sharp weight loss attributed to decomposition of BTC (280 ~330 °C). To investigate the
chemical stability, as-prepared three samples were immersed in harsh condition (pH=3 HNO3
solution and pH=11 NaOH) for 24h at room temperature and the change of crystal structure was
characterized by XRD. As shown in Figure 4, all those three samples could retain their original
phase structures in pH=3 HNOj; solutions. However, when they were exposed in pH= 11 NaOH
solution, the octahedron suffered more destruction than the cube. This indicated that the exposure
of {100} facets could promote the tolerance towards alkaline media.

The surface area and microporosity of MOF materials are crucial for the gas adsorption. Figure 5

shows typical type | isotherms of N, adsorption for all three HKUST-1 samples. The high N



adsorption capacity at low relative pressure indicates that all HKUST-1 samples are micropore
dominant. As shown in Table 1, the octahedral HKUST-1 has a BET surface area of 2255 m?/g
consistent with reported values.[4, 28] The oriented growth of HKUST-1 by LDH modulation
increased the surface area significantly. The tetrakaidecahedral HKUST-1 exhibited a surface area
of ~3000 m?/g, which was much higher than HKUST-1 obtained from different synthesis and
activation conditions.[29, 30] The surface area of cubic HKUST-1 is larger than the octahedron
but smaller than the tetrakaidecahedron. As compared with other methods for achieving the
orientated growth of HKUST-1,[18] the higher surface area and microporosity achieved in this
study indicates the minimisation of pore blockage and crystal defects. The enhancement of
HKUST-1 surface area by preferential growth could be attributed to the sufficient remove of
DMF during solvent activation. As shown in Figure S7, the presence of N elements of octahedral
HKUST-1 was confirmed by N 1s peak. While tetrakaidecahedral and cubic HKUST-1 with
{100} facets showed no obviously N signal. This phenomenon could be explained as follow. As a
kind of face-centred cubic (fcc, space group Fm3m) structure, the structure unit of HKUST-1 has
two types of facets (shown-in Figure 6): a small triangle window size of 0.46 nm for <111>
orientation and a large square one of 0.9 nm for <100> orientation.[14] The kinetic diameter of
DMEF is about 0.55 nm which is larger than the window size of {111} facets and smaller than that
of {100}. Therefore, the exposure of {100} facets could facilitate the remove of DMF during
activation, leading to higher BET surface area of the tetrakaidecahedral and cubic HKUST-1 than
that of octahedral HKUST-1. The observed BET surface area of cubic HKUST-1 was slightly
lower than that of tetrakaidecahedral one, it is probably due to that the AI-BTC impurities derived
from high LDH addition cannot be fully washed out.

Both surface area and micropore volume play significant roles in the adsorption capacity of micro

materials. The calculated micropore volumes of HKUST-1 samples are summarised in Table
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1.The referenced octahedral HKUST-1 has a micropore volume of 0.748 cm®/g, which is in the
range of the values reported in the literatures.[28, 31, 32] The tetrakaidecahedral crystals have
much higher micropore volume (1.011 cm®g) than the octahedral and cubic ones. In order to
understand the pore geometry difference, pore size distributions of those HKUST-1 were depicted
in Figure S8. Compared with octahedral HKUST-1, the tetrakaidecahedral and cubic one has
more large pores (around 0.9 nm) as a result of the fully exposed {100} facets. Overall, the
exposed large pore windows in tetrakaidecahedral and cubic HKUST-1 will benefit the activation
and provide more accessible micropores for gas uptake, expecting better adsorption capacity than
octahedral HKUST-1.

3.4 Gas adsorption measurement

Gas-adsorption measurements for as-prepared HKUST-1 were carried out using C,H,, CO, and
C,He. All gas-adsorption isotherms were measured after pre-treatment under a dynamic vacuum
at 150 °C. The low-pressure acetylene adsorption of different shaped HKUST-1 was evaluated at
both 273K and 298K. As shown in Figure 7a, the C,H, uptake of tetrakaidecahedral HKUST-
1(409 cm?® (STP)/g) is much-higher than that of the octahedral (305 cm® (STP)/g) and cubic ones
(352 cm® (STP)/g) at 273K, 1 atm. C,H, uptake at room temperature (298K) were also studied
considering the practical storage condition(Figure 7b). The tetrakaidecahedral HKUST-1 still has
the extraordinary C,H. uptake (275 cm® (STP)/g) at 298K, which is higher than all the reported
acetylene storage materials, summarised in Table 2. The cubic one also exhibits favourable C,H
uptake at 239 cm® (STP)/g, while that of octahedron reaches 223 cm?® (STP)/g. There are two
strong binding sites (open metal sites and small side pockets) and a weak binding site (large cage)
for the adsorption of C,H, on HKUST-1.[33] For the octahedral HKUST-1, residual DMF could
occupy some open metal sites, resulting in lower C,H, uptake than that of tetrakaidecahedral and

cubic HKUST-1. As to the cubic HKUST-1, the existence of impurities in cubic HKUST-1 limits
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the further increase of C,H; uptake capability. CO, adsorption isotherm in Figure S9a was quite
similar with that of C,H, (Figure 7a). This could be easily understood by the fact that both CO,
and C,H; are liner molecule and their kinetic diameter are 0.33 nm.[34] Nevertheless, the C;Hg
adsorption isotherm on HKUST-1 with different shapes are quite different (Figure S9b). The
C,Hs adsorbed more on the tetrakaidecahedron than the others at low pressure. This may be
attributed to the steric hindrance effect of larger C,Hg molecules (0.44nm) and the impurities in
cubic HKUST-1. The gas-adsorption measurement shows that the tetrakaidecahedral HKUST-1 is

a potential candidate for gas storage and adsorption.

4. Conclusions

In summary, using LDH as modulator can be a facile and effective method for orientated growth
of HKUST-1. With increasing LDH concentration, crystal shape transfers from octahedron to
tetrakaidecahedron and cube. Tetrakaidecahedral HKUST-1 with both {100} and {111} facets
exhibited higher surface area (3001'm?%/g)and micropore volume (1.011 cm®/g) than the other two
shapes of HKUST-1. The ultrahigh C,H, uptake of 275 cm® (STP)/g was also observed on
tetrakaidecahedral HKUST-1 at 298K under atmospheric pressure, indicating the practical
potential for acetylene storage. The possible role of LDH in orientated growth mechanism was
investigated. The methodology for oriented growth of MOFs presented in this study will provide
useful insights in fine-tuning microstructure of MOFs for various applications, such as adsorption,
catalysis-and sensing.

Supporting Information

SEM morphologies of obtained HKUST-1 from different LDH/BTC molar ratio, XRD patterns,

SEM, HRTEM and SAED images of Mg/Al-LDH, EDS patterns of oriented HKUST-1, SEM
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images of HKUST-1 synthesized by adding Al ions, XPS survey spectrums of oriented HKUST-

1 pore size distributions of oriented HKUST-1.
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FIGURE CAPTIONS:

Scheme 1. Schematic illustrations of the orientated growth of (a) octahedral, (b) tetrakaidecahedral and

(c) cubic HKUST-1 crystal by LDH modulation.

Scheme 2. Schematic illustrations of the mechanism for the orientated growth of HKUST-1 by LDH

modulation.

Figure 1. SEM images of octahedral (a), tetrakaidecahedral (b) and cubic (c) HKUST-1 prepared with

different LDH/BTC molar ratio (a: 0; b: 0.03; c: 0.05)

Figure 2. XRD patterns of as-prepared octahedral (a), tetrakaidecahedral (b), cubic (c) and simulated

HKUST-1

Figure 3. Morphological evolution of octahedral (a, b, c, d), tetrakaidecahedral (e, f, g, h), cubic (i, g, k, I)
HKUST-1 synthesised with different heating duration time of 0 (a, e, i), 30 (b), 45(f), 60 (j, c),

75 (g) and 120min (k); Corresponding XRD pattern were shown at the bottle of SEM image.

Figure 4. TGA curves of HKUST-1 (a) and XRD patterns of octahedral (b), tetrakaidecahedral (c), cubic

(d) HKUST-1 under different conditions.

Figure 5. N sorption isotherms at 77K for HKUST-1 with different morphologies

Figure 6. Unit cells of HKUST-1 projected along <111> (a) and <100> (c); (b) a standard growth unit

with 8 triangle window (yellow) for {111} facets and 6 square window (purple) for {100} facets
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Figure 7. Acetylene adsorption isotherms of HKUST-1 with different morphologies at 273K (a) and 298K

(b)

Table 1. Surface area and micropore volume of HKUST-1 with different morphologies

BET special T-plot DUBIN T-plot
HKUST-1 surface area Micropore Micropore Micropore
[m?/g] arealm*g]  volume [em*/g] volume [cm®/g]
octahedron 2255 1917 1115 0.748
tetrakaidecahedron 3001 2580 1.482 1.011
cube 2642 2279 1.251 0.890

Table 2 Comparison of BET surface area, pore volume and C,H, uptake in reported porous

materials at 298K and 1 atm

Surface area
pore volume  C,H, uptake

C,H, uptake

MOFs (BET) STP Ref.
(cm®/g) STP (cm®/g)
(m?/g) (cm*/cm?)
HKUST-1
3001 1.01 275 242 This work
tetrakaidecahedron
HKUST-1 cube 2642 0.89 239 210 This work
ZJU-12a 2316 0.94 244 195 [11]
MFM-188 2568 - 232 193 [35]
FJI-H8 2025 0.82 224 196 [6]
NJU-Bai-17 2423 0.91 222.4 187 [5]
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Scheme 1. Schematic illustrations of the orientated growth of (a) octahedral, (b) tetrakaidecahedral and

(c) cubic HKUST-1 crystal by LDH modulation.
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Figure 1. SEM images of octahedral (a), tetrakaidecahedral (b) and cubic (c) HKUST-1 prepared with

different LDH/BTC molar ratio (a: 0; b: 0.03; c: 0.05)
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Figure 2. XRD patterns of as-prepared octahedral (a), tetrakaidecahedral (b), cubic (c) and simulated

HKUST-1
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120min (K); Corresponding XRD pattern were shown at the bottle of SEM image.
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Scheme 2. Schematic illustrations of the mechanism for the orientated growth of HKUST-1 by LDH
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Figure 4 TGA curves of HKUST-1 (a) and XRD patterns of octahedral (b), tetrakaidecahedral (c), cubic

(d) HKUST-1 under different conditions.
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Figure 5. N sorption isotherms at 77K for HKUST-1 with different morphologies

28




(b) (c)

Figure 6. Unit cells of HKUST-1 projected along<111> (a) and <100> (c); (b) a standard growth unit

with 8 triangle window (yellow) for {111} facets and 6 square window (purple) for {100} facets
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Figure 7. Acetylene adsorption isotherms of HKUST-1 with different morphologies at 273K (a) and




Highlights

e Layered double hydroxide nanosheets were applied as modulator for crystal growth.
e Different orientated growth of HKUST-1 were observed.

e The exposure of <100> facets facilitated the removal of guest molecular.

e Surface area and pore volume of HKUST-1 were enhanced by orientated growth

e Tetrakaidecahedral HKUST-1 exhibited high acetylene uptake at ambient condition.
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Mg/Al layered double hydroxide (LDH) nanosheets have been applied as modulators to tune the growth
orientation of HKUST-1. The derived tetrakaidecahedral HKUST-1 crystals are free of impurity and pore blockage,
exhibiting high acetylene uptake at room temperature.
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