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supports for water adsorption†
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This work describes the preparation of HKUST-1 layers on brass supports by a thermal gradient approach.

Supports were perforated using laser irradiation to create 30–50 μm microholes. Perforation improved the

adhesion and loading of the MOF. The microhole environment generated during the laser treatment led to

well-anchored coatings. Two distinct samples were synthesized with the reaction temperature (100 and

150 °C) as the main difference. A continuous HKUST-1 coating was only achieved with the higher tempera-

ture of 150 °C. However, the microholes were totally filled with crystals in both samples reaching weight

fractions of crystallized material of 2.4 and 6.6 wt%. PXRD and N2 physisorption studies confirmed the for-

mation of HKUST-1 crystals with high quality (SBET = 1105 m2 g−1). Water adsorption was performed on

both samples, showing the main sorption event below a relative pressure of 0.4 and obtaining uptakes

(0.48 and 0.45 g g−1 at 293 K and p/p0 = 0.9) among the reported values for HKUST-1 powder. The

HKUST-1 properties and the enhanced MOF–support interaction make these coatings candidates for use in

gas storage and separation, sensing and water-based adsorption applications, such as chillers or heat

pumps.

Introduction

The global warming phenomenon has attracted much atten-
tion in recent years. Many efforts are aimed at mitigating the
effects of anthropogenic actions of emitting and distorting
the presence of greenhouse gases in the atmosphere. In par-
ticular, the contribution of chlorofluorocarbon (CFC) and hy-
drochlorofluorocarbon (HCFC) gases to climate change is esti-
mated to be roughly 12% of the total impact from greenhouse
gases.1 In addition, stratospheric accumulation of CFCs and
HCFCs, having long atmospheric lifetimes, causes ozone layer
depletion.1 Environmental concerns about the use of CFCs
and HCFCs as refrigerants have provoked the search for
harmless working fluids.2 Adsorption technology employs
more environmentally friendly refrigerants such as water,
ammonia, methanol and ethanol.3,4 Despite the problems

arising from its low vapour pressure, water is the preferable
refrigerant owing to its non-toxicity and high latent heat of
vaporization.3,5,6 Adsorption cycle systems can operate using
efficient energy resources, such as waste heat and solar
energy.3,7 Active carbons, silica gels and zeolites are the adsor-
bents usually employed.3 Recent studies have focused on
metal–organic frameworks (MOFs) as adsorbents for efficient
sorption-based heating and cooling systems with water as
the refrigerant.8–17 The increasing interest in MOFs as water
adsorbents is due to the wide variety of available organic
and inorganic moieties affording tunable pore sizes, shapes
and chemical surfaces, thus tailoring their adsorption and
chemical properties.14,17–21 MOFs, also known as porous co-
ordination polymers (PCPs), are highly porous compounds
consisting of metal ions or clusters coordinated by organic
linkers leading to one-, two- or three-dimensional net-
works.22 MOFs have emerged as intriguing materials for a
number of applications, such as catalysis,23,24 encapsula-
tion,25 gas separation26 and storage,23,27 drug delivery,23 sen-
sor technology,28 etc.

HKUST-1 (also named Cu-BTC or MOF-199, [Cu3ĲBTC)2-
ĲH2O)3]n) is a MOF with an open framework composed of
Cu2+ cations as metal nodes and benzene-1,3,5-tricarboxylate
(BTC) anions as organic connectors.29 The pseudo-octahedral
coordination sphere of HKUST-1 includes paddle-wheel clus-
ters formed by dinuclear cupric tetracarboxylate units
(Cu2ĲOOC–)4).

29–31 Cu2+ ions are coordinated by four oxygen
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atoms from BTC and one oxygen atom in the axial position
from a water ligand.29 HKUST-1 comprises two kinds of pores
and windows. Larger cuboctahedral pores (11 Å), delimited
by 12 paddle-wheel subunits, are accessible through square-
shaped windows (9 Å) (Fig. 1).29,32,33 Octahedral side cavities
(5 Å) are connected to the main channels by triangular win-
dows (3.5 Å) (see also Fig. 1).32–34 The inner surface of the
smaller pockets comprises four benzene rings from BTC
resulting in a more hydrophobic character.35 Upon activation,
water ligands are removed from the HKUST-1 structure creat-
ing coordinatively unsaturated metal sites (CUS).30 Thereby,
coordinative vacancies on Cu2+ cations could bind to distinct
guests, such as water molecules, among others.36

In this work, HKUST-1 layers were prepared on micro-
perforated brass supports following a thermal gradient syn-
thesis.37 The thermal gradient synthesis allows better control
of MOF deposition on the supports38 and renders mechani-
cally and thermally stable coatings.37–39 Perforations of metal
substrates were carried out by laser irradiation to promote
the formation of HKUST-1. For many years, laser technology
has been widely applied in common metal drilling and
machining processes.40,41 But laser processing has also been
used in the so-called surface activation and surface engineer-
ing for numerous purposes. For instance, laser surface engi-
neering afforded the development of controllable wettability on
distinct materials42 and preservation of functional properties
under abrasive wear and cavitation loads.43 In addition,
chemical surface activation enhanced the biocompatibility in
implants and controlled the cell growth,44,45 as well as
improved the bonding in metal–ceramic joints.46 Previously
in our group, laser microperforation was used to activate
silicalite-1 and ZIF-8 growth on stainless steel47 and brass
sheets,48 respectively, for micromembrane preparation. In
this case, the process also profited from the chemical surface
activation of brass due to the melting and spallation
phenomena related to laser ablation during the drilling pro-
cess. Therefore, two distinct HKUST-1–brass samples were
synthesized by changing the reaction temperature to form a
uniform HKUST-1 layer on the laser-perforated support.
Characterization by different techniques (optical microscopy,
OM; scanning electron microscopy, SEM; energy-dispersive
X-ray spectroscopy, EDX; powder X-ray diffraction, PXRD;

N2 physisorption) and water sorption isotherms of both
samples are presented and discussed. Upon demonstration
of adsorbate access to the microporosity of the MOF present
in the MOF–metal composite, supporting HKUST-1 on micro-
perforated metal sheets could provide advantages in
adsorption-based applications taking into account the MOF
properties along with the water sorption uptakes in accor-
dance with values from the bulk powder. The highly porous
coatings obtained in this work could increase the efficiency
of adsorption systems by reducing the heat and mass transfer
limitations.38

Experimental section
General methods and materials

CopperĲII) nitrate hemiĲpentahydrate) (CuĲNO3)2·2.5H2O,
>99.99%, Aldrich), benzene-1,3,5-tricarboxylic acid (H3BTC,
C6H3ĲCO2H)3, 98%, Alfa Aesar), and N,N-dimethylformamide
(DMF, HCONĲCH3)2, 99.99%, Fisher Chemical) were obtained
commercially and used without further purification.

Perforation of brass supports

The laser used was a commercial diode-pumped Yb:YAG fiber
laser device emitting at 1050 nm (Easy Mark 20, Jeanologia)
with a 100 ns pulse width and the beam was deflected by a
pair of galvanometric mirrors controlled by CAD software.
The laser CAD software allows generating a predefined pat-
tern of spots onto a given material surface with any geometri-
cal design by combining the laser repetition rate and the
scanning speed. The pattern may be repeated as many times
as required assuring exactly coincidence in position so that,
in principle, sheets of any thickness can be drilled by just
varying the number of laser cycles. In this case, brass sheets
of 75 μm thickness were drilled with a 4 kHz repetition rate
and a 500 mm s−1 scanning speed that yielded a pattern of
holes with 125 μm of separation between centres. For this
sheet thickness, 50 cycles were needed to complete drilling
the material. The energy parameter applied was 150 J cm−2.
According to energy-dispersive X-ray spectroscopy, brass
sheets were composed of 68, 30 and 2 atomic% Cu, Zn and
O, respectively, thus the Cu/Zn ratio was 2.3. Square sheets,
5 × 5 cm2, were employed and irradiated generating a dot
linear pattern of 4.5 × 4.5 cm2.

Synthesis of HKUST-1 coatings on microperforated brass
sheets

After perforation, supports were washed twice with water and
acetone for 15 min in an ultrasonic bath to remove impuri-
ties. The supports were dried at 100 °C overnight. HKUST-1
was formed on the perforated brass supports by means of the
thermal gradient approach reported by Jeremias et al.37 and
following their synthesis conditions. Sample 1 and sample 2
were prepared from a solution of 8.17 g of CuĲNO3)2·2.5H2O
and 4.21 g of H3BTC in 250 mL of DMF. The synthesis was
carried out using a heating block (Fig. S1a†). The heating

Fig. 1 (a) Representation of the bimodal pore system of HKUST-1
viewed along the (1 0 0) direction. Green and yellow spheres are
depicted filling the larger cuboctahedral (11 Å) and smaller octahedral
cavities (5 Å). (b) Details of the cuboctahedral (left) and octahedral
(right) pores. Cu, O and C atoms are coloured in blue, red and grey, re-
spectively. H atoms are omitted for clarity.

CrystEngComm Paper

Pu
bl

is
he

d 
on

 1
0 

Ja
nu

ar
y 

20
17

. D
ow

nl
oa

de
d 

on
 2

4/
03

/2
01

7 
08

:3
2:

51
. 

View Article Online

http://dx.doi.org/10.1039/c6ce02490d


1472 | CrystEngComm, 2017, 19, 1470–1478 This journal is © The Royal Society of Chemistry 2017

block consists of a rectangular prism made of brass. The
block has 6 bores: one for mounting purposes, one for tem-
perature control by a thermocouple and four for insertion of
the heating cartridges. The support was grabbed with clips
on the heating block in such a way that its non-irradiated
side was in contact with the block surface and not with the
solution. Consequently, crystals were only formed on the irra-
diated surface of the substrate. The block with the brass
sheet attached was placed into the reactant solution. The
glass beaker containing the solution and the heating block
was immersed in a cooling thermostatic bath (Fig. S1b†). The
temperatures on the block surface and near the beaker wall
(at the interface between the cooling bath and the synthesis
solution) were continuously monitored. The heating power
was adjusted in such a way that the surface temperature was
100 and 150 °C for sample 1 and sample 2. The temperature
of the cooling bath was set at 10 and 75 °C for sample 1 and
sample 2, respectively. After a reaction time of 2 h, the setup
was cooled down to room temperature. Blue HKUST-1 crys-
tals covered the perforated sheets. The sheets were rinsed
twice with DMF and dried under ambient conditions. Table
S1† shows the synthesis parameters and MOF weight frac-
tions of both sample 1 and sample 2.

Characterization

Optical microscopy (OM) images were taken with a Leica M80
reflected-light microscope. Powder X-ray diffraction (PXRD)
patterns were obtained at ambient temperature on a Bruker
D2 Phaser equipped with a Lynx-Eye detector in reflection ge-
ometry. Samples for PXRD were prepared on a flat sample
holder with a Si-wafer platform using Cu-Kα radiation (λ =
1.54182 Å). Molecular graphics of HKUST-1 were obtained
with Diamond49 using the cif file from Yakovenko et al.
(CCDC 943009).50 Scanning electron microscopy (SEM) im-
ages were recorded with a Jeol JSM-6510LV QSEM advanced
electron microscope with a LAB-6 cathode at 5–20 keV. The
microscope was equipped with a Bruker XFlash 410 silicon
drift detector and Bruker ESPRIT software for energy-
dispersive X-ray spectroscopy (EDX) analysis. Cu, Zn, C and O
atomic composition maps were obtained by EDX. Atomic per-
centages were calculated as an average of measurements on
two distinct spots. Cross-sections were prepared by cutting
the samples with conventional scissors along the perforation
of the support and then coated with gold by a Jeol JFC 1200
fine-coater (at an approximate current of 20 mA for 20–30 s).
N2 physisorption isotherms were acquired on a Nova 4000e
from Quantachrome at 77 K. Brunauer–Emmett–Teller (BET)
surface areas were calculated from the N2 sorption isotherms.
Water physisorption isotherms were measured volumetrically
on a Quantachrome Autosorb iQ MP at 293 K. For measuring
the isotherms, samples were loaded into glass tubes capped
with septa. The weighed tubes were attached to the corre-
sponding degassing port of the sorption analyzer, degassed
under vacuum at 160 °C for 2 h, weighed again and then
transferred to the analysis port of the sorption analyzer. The

adsorption phenomenon is only due to the MOF because the
metal substrate does not show sorption features. For this rea-
son, the N2 and water isotherms were corrected by dividing
the adsorption data by the MOF weight fraction of the corre-
sponding sample.

Results and discussion
Microperforated brass sheets

The goals of using laser irradiation to perforate brass sheets
were to achieve a high (through the filling of the support
microperforations) and uniform loading of MOF material
and to improve the MOF–support attachment through the
created roughness. Laser irradiation produced truncated
cone-shaped holes with the largest and smallest diameters of
ca. 50 and 30 μm, respectively. The higher diameter corre-
sponds to the irradiated side of the support. On this side, the
surface became rough and craters appeared around holes
(Fig. 2a and b). EDX analysis at the area between holes gave
an atomic composition of 31, 32 and 37% Cu, Zn and O, re-
spectively (see Table S2†). However, these values were 49, 35
and 16% at the crater rims. The resulting atomic Cu/Zn ra-
tios, therefore, decreased to 1.0 and 1.4 for the non-
perforated surface and crater rims, respectively, in compari-
son with the value from the bare metal sheet (2.3). According
to the work reported by Navarro et al., one could expect an in-
crement instead of a reduction in the ratio of the laser-
affected zones due to higher volatilization of Zn (lower vapor-
ization temperature), giving rise to Cu enrichment.48 In our
case and probably due to a smaller diameter of the inlet
microperforations (50 μm vs. 72 and 59 μm for Navarro
et al.48), after laser ablation, Zn recondensed and was depos-
ited on the surface between craters. The evaporated material
inside the holes was unable to leave the craters and was de-
posited on the hole walls and crater peripheries.51 Both facts
resulted in Zn enrichment in the non-perforated areas and
crater rims, as compared to the bare sheet, decreasing the
Cu/Zn ratio. On the other hand, the atomic content of O was
moderately raised from 2 to 16% for the crater rims while it
was substantially increased from 2 to 37% for the surface be-
tween holes, so the metallic oxides were preferentially formed
at the non-irradiated zones, more exposed to the surrounding
atmosphere. As seen in Fig. 2b, the non-perforated areas are
partially covered with particles deposited during irradiation
as a result of the ablation and oxidation of the brass sheet.
Smaller particles are generated by nucleation and condensa-
tion of vapour and are placed away from craters.51,52 Bigger
particles are ejected from the melted liquid remaining at the
craters' surroundings.51,52 Several authors have related the
particle size with the composition, determining that the
larger particles are mainly composed of Cu, whereas the
smaller particles are rich in Zn.52,53 Liu et al.52 supported
that vaporized atoms and ions condense on the ejected drop-
lets creating an outer layer. Thus, vaporized Zn is supposed
to condense as ZnO, forming small particles and covering
large ejected Cu droplets. The lower standard reduction
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potential of Zn in comparison to that of Cu facilitates the for-
mation of ZnO instead of CuO. Although HKUST-1 is not con-
stituted by Zn, ZnO could affect and assist the formation of
the MOF acting as heterogeneous nucleation sites.54 On the
other hand, the higher content of Cu species in the crater
rims may facilitate the growth of HKUST-1 crystals on them.

Characterization of HKUST-1 coatings on microperforated
brass supports

The thermal gradient approach was developed by Jeremias
and co-workers in 2012.37 They used the thermal gradient

synthesis to grow a dense HKUST-1 layer on a copper sub-
strate. Conductivity tests were carried out, determining good
heat transfer between the MOF and the metallic sheet. A sim-
ilar procedure was reported by Tatlier and Erdem-Senatalar
in 1999.38 They prepared zeolite 4A coatings on stainless steel
substrates to enhance the mass and heat transfer in adsorp-
tion heat pumps. Here, HKUST-1 coatings were synthesized
on laser-microperforated brass supports instead of bare sub-
strates to improve the MOF–metal interaction, as mentioned
above, and water sorption studies were carried out (see be-
low). HKUST-1 was selected as the adsorbent because it is one
of the most investigated hydrophilic MOFs, thus its properties

Fig. 2 Top view SEM images of (a) linear patterns and (b) a microhole detail from the laser-irradiated side of the brass support, (c and e) sample 1
and (d and f) sample 2. Insets in images (c) and (d) are the corresponding optical images. Cross-sectional SEM images of (g) sample 1 and
(h) sample 2.
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such as thermal and chemical stabilities and high surface
area are well-known. Concerning its water vapour stability,
Low et al.55 placed HKUST-1 in the moderate steam stability
region. In contrast, the studies of Küsgens et al.35 and
Henninger et al.9 concluded that this MOF degrades upon
vapour exposure and under hydrothermal conditions,
respectively.

Sample 1 and sample 2 were prepared following condi-
tions similar to those used by Jeremias et al.,37 but the
heating block surface (100 and 150 °C) and cooling bath (10
and 75 °C) temperatures were different (Table S1†). As a re-
sult, sample 1 achieved a 2.4 wt% MOF loading, whereas
sample 2 achieved a 6.6 wt% MOF loading. The increase in
the block surface temperature for sample 2 led to a higher re-
action rate, resulting in the formation of more MOF material.
OM images reveal that both sheets were completely coated
with blue crystals (see insets in Fig. 2). The PXRD patterns of
sample 1 and sample 2 are in good agreement with the simu-
lated pattern of HKUST-1,50 confirming that the blue crystals
were HKUST-1 (Fig. 3). No peaks related to ZnO or CuO are
observable. In contrast, contributions of Cu2O and a rouaite
phase from Cu2NO3ĲOH)3 are present (denoted in Fig. 3 by
black rhombi and circles), as reported in the article by Jere-
mias et al.37 Sample 1 is mostly composed of HKUST-1, with
only weak intensities coming from the abovementioned impu-
rities. On the other hand, the stronger intensities of peaks in
sample 2 related to Cu2O and rouaite phases denote a higher
content of impurities. Sample 1 was not uniformly coated
with MOF crystals, as observed in Fig. 2c. HKUST-1 principally
adhered to the rough edges and not to the non-perforated sur-
face. Thus, MOF formation was benefited from a larger amount
of Cu on crater rims and the creation of roughness in spite of
the higher presence of metallic oxides on the surface between
holes. Unlike sample 1, sample 2 was completely covered by
crystals (Fig. 2d), thus the higher temperature synthesis
favoured the formation of a continuous coating. Microholes
were blocked with crystals for both samples (Fig. 2g and h).
The crystals exhibit an octahedral shape typical for HKUST-1

(Fig. 2e and f). The crystal size distribution for both samples
is heterogeneous with sizes ranging from 1 to 15 μm and
from 2 to 30 μm for sample 1 and sample 2, respectively. The
thicknesses of the HKUST-1 layers are about 26 for sample 1
and 42 μm for sample 2, as seen in Fig. 4. The larger size of
the crystals and layer thickness in sample 2 are due to the
higher reaction temperature of 150 °C used in its synthesis.
The existence of Zn deposits on the brass substrates after
laser irradiation could have brought about the appearance
of Zn–HKUST-1, a polymorph of HKUST-1 with Zn2+ as the
metal cation.56,57 However, Zn–HKUST-1 crystals are
colourless and cubic. If the Zn analogue had been formed in
large amounts, its presence would have been identified
through SEM, PXRD and OM characterization.

EDX analysis was performed on the cross-sections of both
samples in order to visualize the deposition of the MOF
(Fig. 4). The different elemental mappings show areas where
the Cu and Zn concentrations are higher corresponding to
the brass support while higher O and C concentrations indi-
cate the MOF. In the Zn + O + C-overlaid images, the thor-
ough hole-filling is clearly visualized. Some MOF crystals
were also deposited on the laser-irradiated side of the sup-
port, where the C and O density is higher. The N2

physisorption isotherm at 77 K of sample 2 and its corre-
sponding correction using the MOF weight fraction are
displayed in Fig. S2.† As the metal substrate does not exhibit
any adsorption, isotherm data were divided by the actual
MOF weight fraction (wt%) to correct the uptake values,
referencing them to the amount of MOF. The N2 isotherms
are a combination of types I and IV, typical for microporous
and mesoporous materials. This implies the presence of hier-
archical porosity,58 with some mesoporosity coming from
intercrystalline voids, in accordance with a thin hysteresis
loop from p/p0 = 0.4. The BET specific surface area for the
corrected sample 2 (1105 m2 g−1) is found among the values
reported in the literature for HKUST-1 powder (Table S3†).
This is consistent with the formation of high-quality MOF
crystals.

Water adsorption of HKUST-1 coatings

Water adsorption was carried out on sample 1 and sample 2
at 293 K. Besides the adsorption data for the composite sam-
ple, isotherms obtained through the correction with the MOF
weight percent are also depicted in Fig. 5. Water adsorption
occurs in a two-step fashion. According to the work devel-
oped by Küsgens et al.,35 the first step (p/p0 = 0.04–0.16) cor-
responds to the filling of more hydrophilic (cuboctahedral,
11 Å) pores via interaction of water with CUS. The second
step (p/p0 = 0.16–0.4) is related to either total filling of
cuboctahedral pores or filling of less hydrophilic (octahedral,
5 Å) cages.35 Water adsorption on HKUST-1 pores is a contro-
versial issue since it has also been suggested that the filling
of water could take place first on the octahedral micropores
with the consecutive adsorption on the cuboctahedral cavi-
ties.59 The slight increase in adsorption above p/p0 = 0.8

Fig. 3 PXRD patterns of sample 1 and sample 2 in comparison with
that of simulated HKUST-1 (CCDC 943009).50 Symbols denote peaks
assignable to: ♦, Cu2O and ●, rouaite Cu2NO3ĲOH)3.
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indicates water condensation in voids between MOF parti-
cles.35 Hysteresis is promoted due to the strong hydrogen
bonds between water molecules.35 Furthermore, the chemi-
sorption of water molecules by copper sites caused an open
hysteresis loop, denoting an irreversible process.35 It is worth
mentioning that the adsorption phenomenon takes place
mainly at a low relative pressure range, being of great interest
for thermally driven chillers or adsorption-based heat pumps,
where the working relative pressure region is p/p0 = 0.05–
0.32.17 When comparing water adsorption capacities with
HKUST-1 powder data from other studies (Table 1), the
corrected uptakes for sample 1 and sample 2 (at 293 K) are
observed within the range of the reported values (at 298 K).
Although the uptake of sample 2 was slightly lower than that
of sample 1, both capacities were similar. The presence of
Cu2O and rouaite Cu2NO3ĲOH)3 impurities could explain the
difference in the water uptake. Concerning HKUST-1 thin

films, the corrected values for sample 1 and sample 2 also
fall between the uptakes for an HKUST-1 coating on a QCM-
gold electrode (at 294 K and p/p0 = 0.8)60 and a 60 layer
HKUST-1 film on a hydroxylated SiO2 support (at 298 K).61

The advantage of MOF attachment on microperforated metal
sheets is the improvement of both high adsorbent loading
(ca. 66 mg of MOF per g of support) with more uniform crys-
tal coatings and MOF–support interaction. Besides, water
adsorption could be favoured due to a better MOF distribu-
tion on the substrate and the presence of accessible inter-
crystalline voids (external surface area). This would enhance
the contact and interaction between water molecules and
HKUST-1 crystals, thus improving the mass and heat transfer.
The benefits originating from growing HKUST-1 coatings on
microperforated brass sheets as well as the remarkable water
adsorption capacity of samples may promote their use in
applications such as heat pumps and adsorption chillers.

Fig. 4 Cross-sectional EDX mapping images of (a) sample 1 and (b) sample 2. Cu, Zn, O and C are represented in red, green, blue and pink,
respectively. The laser-irradiated sides of the supports are facing down. In the Zn + C + O-overlaid images (second row from the top), Cu has been
omitted for better contrast as it is part of both HKUST-1 and the perforated brass support. The crystalline non-coloured part of the sample at the
bottom of the layered image is the surface of the MOF layer which is not part of the elemental map because it is located in a further distance from
the electron beam compared to the cross-section of the sample. Zn and Cu are also detected outside the sample cross-sections because the sam-
ple holder is made from brass.
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Although the insufficient water vapour stability of HKUST-1
could be a barrier for further development, it can be obviated
by using other working fluids such as methanol.15,62,63

HKUST-1 features a type-I adsorption isotherm for MeOH
and exhibits a methanol loading lift of ca. 0.5 g g−1, and it
turned out that it retains its crystallinity even after several
thousands of methanol adsorption–desorption cycles.15

HKUST-1 layers on microperforated supports may also be
employed in catalysis, membrane reactors, gas separation
and storage, and sensor technology.

Conclusions

This work deals with MOF HKUST-1 layers on laser-
microperforated brass sheets synthesized according to the
thermal gradient procedure. The formation of HKUST-1 on
the supports was confirmed by PXRD patterns where the
presence of phases as Cu2O and rouaite Cu2NO3ĲOH)3 was
also observed. High-quality crystals were produced, as dem-

onstrated by PXRD and N2 physisorption characterization.
The coating thickness and crystal size depended on the reac-
tion temperature. Microholes were completely filled by
HKUST-1 crystals. Creation of roughness after laser irradia-
tion and a larger Cu content on crater rims caused crystal
growth to take place at the channel edges preferentially. The
use of a higher reaction temperature (150 °C) ensured that
the brass substrate was totally covered with MOF crystals.
Corrected water capacities and the BET surface area values
fell within the reported values for HKUST-1 powder, demon-
strating full adsorbate access to the supported HKUST-1 crys-
tals, for which then also other gas storage applications could
be envisioned. Corrected water adsorption isotherms showed
that the main adsorption step occurred at a low relative
pressure. The benefits of perforating brass supports with
laser irradiation include an improvement of MOF attachment
and a better arrangement of crystals all over the surface,
giving rise to strongly and uniformly adhered coatings with-
out the use of any organic binder which might alter the
adsorption capacity of the active MOF material in the MOF–
metal composite. These properties could result in faster water
uptake in the MOF due to improved mass and heat transfer,
aided by the presence of accessible intercrystalline spaces
(which suggests the formation of a hierarchical porous struc-
ture). Consequently, and considering the features of the tar-
get MOF, the HKUST-1 coatings prepared here could be used
in a number of applications related to separation and stor-
age, sensing and catalysis, among others.
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