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ABSTRACT: Defect engineering is a strategy for tailoring
the properties of metal−organic frameworks (MOFs). Plenty
of efforts have been devoted to study the defect chemistry and
structures of bulk MOFs; however, the reported example of a
defect engineered surface mounted MOF (SURMOF) thin
film is rare. In this work, defects were incorporated in
SURMOF thin films by using defect generating linkers and
taking advantage of the liquid phase stepwise epitaxial layer
by layer growth (LBL). Two methods based on the LBL,
named mixing method and alternating method, are proposed for incorporating defects in the prototypical SURMOF HKUST 1
by partially substituting the parent H3btc (benzene 1,3,5 tricarboxylic acid) linker with a set of defect generating linkers H2ip
(isophthalic acid), H2OH ip (5 hydroxyisophthalic acid), and H2pydc (3,5 pyridinedicarboxylic acid). The crystallinity and
phase purity of the obtained “defected” SURMOFs were confirmed by X ray diffraction, infrared reflection absorption
spectroscopy, and Raman spectroscopy. The incorporation of the defect generating linkers and the types of induced defects
were characterized by ultraviolet−visible spectroscopy, time of flight secondary ion mass spectrometry, methanol adsorption,
scanning electron microscopy, and 1H nuclear magnetic resonance spectroscopy (after digestion of the samples). These two
methods provide avenues for controlling the defect formation in MOF thin films.
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1. INTRODUCTION

Metal−organic frameworks (MOFs) are a class of crystalline
microporous materials with large internal surface areas,
controlled porosities, and tunable properties,1−3 which show
great potential in many application fields like storage,4

separation,5 catalysis,6 and chemical sensing.7 However,
many challenges need to be solved for MOFs before stepping
into real world technologies. Among them, the issues related to
improving the performances of parent MOFs, for example, by
implementing multifunctionalities and integrating into devices,
are of great importance.8 Especially aiming for sustainable
technology development, this demand is more urgent. Up to
now, many synthetic strategies have been proposed to endow
MOFs with multifunctionalities.9−16 One of these strategies is
defect engineering, which creates metal and/or linker vacancies
in MOFs by partially substituting the parent linker with a so
called defective linker.11 The presence of metal and linker
vacancies may enhance the functional properties of MOFs,

such as porosity,17 catalytic activity,18 and magnetic behavior,19

or even creates new properties, such as charge transport.20

Most recently, defect engineered MOF films are also reported
for many applications. For instance, defect engineered ZIF 8
films synthesized by partially substituting parent linkers with
defective linkers show advanced gas separation and carbon
capture properties.21−25 The redox conductivity and electro
catalytic activity of UIO 66 films can be tuned via control of
the defect density in the framework.26

Defects can be formed in MOFs intentionally by de novo
synthesis27 and special post synthetic treatment;28 meanwhile,
they may also be present inherently.29 It is still a great
challenge to control the formation of defects in MOFs (e.g.,
type, quantity, and distribution), which is important for many



fundamental studies. Moreover, the degree of defect
incorporation may affect the structural integrity; and as more
defects are present, the material will become more and more
instable. For instance, defect engineered HKUST 1 (also
known as Cu3btc2, btc = benzene 1,3,5 tricarboxylate) can
only incorporate the defective linker of ip (isophthalate) up to
50% of the feeding amount under solvothermal conditions, and
beyond this threshold, the HKUST 1 structure type will not be
formed.30,31

To date, the most synthetic efforts have been devoted to
bulk MOF materials;30,32 nevertheless, limited numbers of
defect engineered MOF thin films have been reported,
especially the surface mounted MOF (SURMOF) thin
films.21−26,33,34 Herein, we try to incorporate defects in
SURMOFs by taking advantage of the stepwise liquid phase
epitaxial layer by layer (LBL) technique.13,35,36 LBL is a
promising technique for fabricating MOF thin films due to
its high controllability of the growth process.37 Typically, the
metal and linker are dosed on the functionalized substrate in a
sequential fashion with rinsing after each step to remove the
unreacted or physisorbed species. Moreover, in combination
with surface plasmon resonance techniques36 and quartz
crystal microgravimetry (QCM),38 the LBL growth process
can be monitored in situ. The oscillation frequency change of
the QCM sensor during the thin film growth process is
recorded, and the resolution in terms of mass sensitivity is a
few nanograms. The concept of this work is utilizing the LBL
technique to synthesize defect engineered SURMOFs (DE
SURMOFs). Compared to other film growth methods (e.g.,
solvothermal growth), the LBL technique shows high
controllability of the growth process and also provides a closer
inspection of defect incorporation in the MOF lattice.

Moreover, the LBL derived SURMOFs typically show control
lable thickness and preferred orientation.15,37

In this work, we report our investigations on DE SURMOFs
of the HKUST 1 structure type. Thin film synthesis is
performed by partially substituting the parent H3btc linker
with a set of defect generating linkers H2ip, H2OH ip (5
hydroxyisophthalic acid), and H2pydc (3,5 pyridinedicarbox
ylic acid) using the LBL technique (Figure 1a). We investigate
two different methods for creating defects in SURMOF
HKUST 1 (Figure 1b): (1) mixing method, imitating the de
novo synthesis of bulk MOFs, in which the linker solution used
in the growth process is the mixture of parent and defective
linkers;19 (2) alternating method, in which the substrate is
separately exposed to parent linker solution and defective
linker solution in an alternating way. The obtained DE
SURMOFs HKUST 1 were characterized by X ray diffraction
(XRD), infrared reflection absorption spectroscopy (IRRAS),
and Raman spectroscopy to confirm that the structure of
HKUST 1 does not change by incorporating defective linkers
into the lattice. The combination of time of flight secondary
ion mass spectrometry (ToF SIMS), ultraviolet−visible spec
troscopy (UV−vis), methanol adsorption, and scanning
electron microscopy (SEM) together with of 1H NMR after
digestion of the DE SURMOF samples allowed the character
ization of the defects incorporated in the framework of
HKUST 1. Finally, the two methods of defect creation in
SURMOF HKUST 1 are discussed and compared.

2. EXPERIMENTAL DETAILS
2.1. Materials. The chemicals ethanol (99.96%, VWR), Cu

(OAc)2 (98+%, Alfa Aesar), H3btc (98%, abcr), H2ip (99%, Sigma
Aldrich), H2OH ip (98%, Alfa Aesar), and H2pydc (98%, Acros) are
commercially available and were used as received without further
purification.

Figure 1. Schematic illustration of (a) DE SURMOFs HKUST 1 formed by partially substituting the parent H3btc linker with defective linkers
H2ip, H2OH ip, and H2pydc; (b) the two methods for incorporating defects in SURMOF HKUST 1: the mixing method and alternating method.



2.2. General Methods. The crystallinity and orientation of the
obtained SURMOFs were identified by grazing incidence X ray
diffraction (GIXRD, Panalytical Empyrean instrument, grazing
incidence mode, room temperature, Cu Kα radiation, the range of
2θ = 5−18°, a step of 0.01313°, accumulation time of 1.5 s per step)
and 2D GIXRD (Beamline 9 of DELTA Dortmund, Germany,
monochromatic X ray beam with an energy of 13 keV and a
wavelength of 0.9607 Å, room temperature, MAR 345 detector,
sample to detector distance of 354.37 mm). IRRAS measurements
were performed on a Bio Rad Excalibur FTIR spectrometer (FTS
3000) with 2 cm−1 resolution at an angle of incidence of 80° relative
to the surface normal and further processed by using boxcar
apodization. Raman spectra were recorded using a Renishaw Raman
microscope spectrometer with an Ar+ laser emitting at 785 nm, output
power limited to 10% (100% power is 300 mW). 1H NMR
spectroscopy was recorded at room temperature on a Bruker
AV400 spectrometer, and the signal was referenced to that of
DMSO d6. ToF SIMS was performed on a TOF.SIMS 5 instrument
(ION TOF GmbH, Münster, Germany). UV−vis spectroscopy
measurements were performed on a SHIMADZU UV 3600 Plus
UV−vis−NIR spectrophotometer. SEM images were taken with a
JEOL JSM 7500F field emission scanning electron microscope under
gentle beam mode. Methanol adsorption of the SURMOFs was
measured by an environment controlled quartz crystal microbalance
(BEL QCM instrument, BEL Japan). Prior to sorption measurements,
the SURMOFs were activated by soaking in pure CH2Cl2 for 2 days at
room temperature and subsequently dried in a pure N2 stream.
Additionally, the samples were placed into the BEL QCM instrument
cells at 25 °C under He stream (99.999%, 100 sccm) for about 4 h.
After the activation process, the QCM frequency was recorded when
the frequency change was stable within ±5 Hz over 30 min.
Afterward, methanol sorption isotherms were collected by varying the
relative vapor pressure (P/P0) of saturated vapor of methanol
molecules in a He gas stream at 25 °C ranging from 0 to 95.0%. The
mass of the SURMOFs and adsorption amounts were calculated from
the difference of the read QCM frequency and the fundamental
frequency of the bare QCM substrate according to Sauerbrey’s
equation.
2.3. Pretreatment of QCM Substrates. The Au coated QCM

substrates (AT cut type, Au electrode, diameter of 14 mm, thickness
of 0.3 mm, and fundamental frequency of ∼4.95 MHz) were used for
thin film growth. Prior to the film growth, QCM substrates were
cleaned by immersing in a solution of water/H2O2/ammonia with a
volume ratio of 5:1:1 at 75 °C for 15 min. Thereafter, the cleaned
QCM substrates were functionalized by immersing in a 20 μM self
assembly monolayer (SAM) solution of 16 mercaptohexadecanoic
acid (MHDA) in ethanol for 1 day under room temperature followed
by rinsing with pure ethanol.
2.4. Thin Films Grown by the Mixing Method. 0.2 mM linker

solution was prepared by dissolving parent and defective linkers
(molar ratio 1:1) in a mixed solvent of water/ethanol (v/v = 2/8).
Meanwhile, the Cu(OAc)2 solution was prepared using pure ethanol.
SURMOFs were fabricated by LBL using the automated QCM
instrument Q Sense E4 Auto at 40 °C with a flow rate of 100 μL/min.
First, 10 cycles of HKUST 1 thin films were deposited on the SAM
functionalized QCM substrate as the seed layer, and then another 50
cycles of the Cu(OAc)2/mixed linker were subsequently deposited. In
each deposition cycle, the QCM substrate was first exposed to 0.5
mM Cu(OAc)2 solution for 5 min and then 0.2 mM linker solution
for 10 min. Each subsequent step of dosing components was
separated by a washing step with absolute ethanol for 5 min.
2.5. Thin Films Grown by the Alternating Method.

SURMOFs were synthesized by the following procedure: (1) 10
cycles of HKUST 1; (2) Cu(OAc)2/ethanol/defective linker/ethanol;
and (3) Cu(OAc)2/ethanol/parent linker/ethanol. The time of each
cycle is the same as above. The last two steps were repeated 25 times
for obtaining thick films. The concentrations of Cu(OAc)2, parent
linker, and defect linker were 0.5, 0.2, and 0.2 mM, respectively. The
same mixed solvent (water/ethanol = 2/8) was used as the solvent for
the linkers.

3. RESULTS AND DISCUSSION

3.1. Growth of DE-SURMOFs HKUST-1. The DE
SURMOFs HKUST 1 in this work were fabricated by using
the LBL technique. The growth process of SURMOF can be
followed by the frequency change against time (ΔF − t) curve
recorded by QCM. For clarity, the samples prepared by the
mixing method and alternating method using the ip defective
linker are denoted as ip M and ip A (OH ip and pydc are
denoted accordingly), respectively.

3.1.1. Mixing Method. In this method, the parent and
defective linkers are blended with a 1:1 molar ratio as the
linker solution for fabricating DE SURMOFs. The mass
deposition on the substrate can be followed by the ΔF − t
growth curves (left panels in Figure S1, Supporting
Information). The zoom in (right panels of Figure S1) reveals
that the defective linkers show diverse levels of incorporation
or framework doping (H2ip < H2OH ip < H2pydc) in
SURMOF HKUST 1, which leads to different mass deposi
tions of the DE SURMOF growth cycles, while the seed layer
growth cycles, obviously, have similar mass deposition.

3.1.2. Alternating Method. In the method, the parent linker
solution and defective linker solution are independently dosed
on the substrate in an alternating way. In a typical growth
procedure, 10 cycles of seed HKUST 1 were deposited first as
the seed layer, and then the loop of 1 cycle of Cu(OAc)2/
H3btc followed by 1 cycle of the Cu(OAc)2/defective linker
(ABAB fashion) was repeated 25 times to obtain DE
SURMOF HKUST 1. The ΔF − t growth data shown in
Figure S2 indicate the growth of MOF thin films. Similar to the
mixing method, the diverse framework doping of defective
linkers leads to different deposited masses of the Cu(OAc)2/
defective linker in the dosing cycles (right column of Figure
S2). Moreover, the total frequency change or mass deposition
of DE SURMOFs fabricated by the alternating method is less
than those synthesized by the mixing method.

3.2. Phase Confirmation of DE-SURMOFs HKSUT-1.
The purpose of introducing defects into SURMOFs is
modifying the intrinsic properties of MOFs without changing
the overall structure. Herein, the obtained DE SURMOFs
HKUST 1 were at first characterized by XRD, IRRAS, and
Raman spectroscopy to confirm their structures.

3.2.1. XRD Patterns. The out of plane XRD patterns are
presented in Figure 2, from which we can see that the
diffraction peaks of DE SURMOFs are assigned to the

Figure 2. XRD patterns of DE SURMOFs HKUST 1 fabricated by
the mixing method (light color) and alternating method (deep color).



HKUST 1 phase and the obtained thin films show a preferred
orientation along the (100). By comparison of the character
istic XRD peaks, we find that DE SURMOFs fabricated via the
mixing method show broader peaks than those prepared via
the alternating method. This observation indicates a smaller
crystallite size and overall poorer crystallinity of the thin films
prepared via the mixing method, possibly due to an increased
defect density.39 Supplementary 2D GIXRD patterns (inclu
sive in plane and out of plane diffraction data) of the thin films
synthesized by the alternating method further evidence the
strongly preferred orientation of the HKUST 1 phase and the
absence of any impurity phases as a consequence of defect
linker incorporation (Figure S3). Moreover, the deposition of
pure HKUST 1 as the seed layer has a significant impact on
the crystallinity of the DE SURMOFs. As we can see in Figure
S4, the presence of a seed layer greatly promotes the
crystallinity and crystallographic orientation of the DE
SURMOFs HKUST 1.
3.2.2. IRRAS and Raman Spectra. The IRRAS and Raman

spectra are shown in Figure 3 and Figure S5, respectively. For

those DE SURMOFs HKUST 1 doped with ip and OH ip, the
IRRAS and Raman spectra agree well with those of pristine
HKUST 1. However, two additional peaks located at 1631 and
1572 cm−1, indicated by green tick marks, are observed in the
IRRAS spectra of pydc M and pydc A, which are assigned to
the COO− vibration originating from mixed [Cu2(btc/
pydc)n(OAc)4−n] paddlewheels and [Cu2(OAc)4] paddle
wheels, respectively.40 The presence of mixed [Cu2(btc/
pydc)n(OAc)4−n] paddlewheels in the framework demonstrates
that acetate groups act as the counter anions in the modified
paddlewheels (Figure 4a).30 Meanwhile, the observation of the
vibrational bands for [Cu2(OAc)4] paddlewheels suggests that
a substantial amount of copper(II) acetate precursor is
included in the pores of SURMOF HKUST 1, probably due
to binding of the pyridinic N of pydc to the copper(II) acetate

paddlewheels. In accordance with the IRRAS spectra, addi
tional bands originating from such acetate based paddlewheels
are also observed by Raman spectroscopy (Figure S5).41 The
absence of these two bands in the ip and OH ip defected DE
SURMOFs HKSUT 1 is probably because of their lower
doping levels.
Based on the results and discussions above, it is concluded

that the incorporation of defects in SURMOFs HKUST 1 does
not change the overall network topology, at least at the studied
levels of defect linker doping. Moreover, we deduced the
possible defect types in DE SURMOFs HKUST 1 based on
the data, which are shown in Figure 4 in accordance to the
previously studied bulk samples of DE HKUST 1.30

3.3. Defect Characterization in DE-SURMOF HKUST-1.
The incorporation of defective linkers in MOFs can generate
metal and linker vacancies, both of which are important for
tailoring the properties of MOFs.42 However, it is still a
challenge to detect these defects in MOFs.43 For bulk defect
engineered HKUST 1, a vital characterization for defects is the
determination of Cu+ ions in the framework,19,30 while limited
Cu+ ions were formed in the growth process of SURMOF
HKUST 1 due to the Cu2+ source used and the mild synthetic
conditions. In this work, we characterize the defects in DE
SURMOFs by mainly focusing on the identification of
framework incorporated defective linkers (1H NMR spectros
copy, ToF SIMS, and UV−vis spectra) and also by analyzing
the porosity (methanol adsorption isotherms) and the thin
film morphology (SEM).

3.3.1. Quantitative Detection of Defective Linkers in DE-
SURMOFs (1H NMR and TOF-SIMS). The incorporated
defective linkers in DE SURMOFs HKUST 1 were quantita
tively detected by 1H NMR spectroscopy after digesting thin
films in a mixture of DMSO d6 and deuterium chloride in
deuterated water (DCl/D2O). Results are shown in Figure S6.
Note that the theoretical feeding ratio of defective linkers is
41.7% (considering the seed layer). From the spectra, we can
see that the doping levels of three defective linkers in
SURMOF HKUST 1 are different (11.8, 12.7, and 39.1% for
M ip, M OH ip, and M pydc; and 7.2, 7.7, and 33.3% for
A ip, A OH ip, and A pydc, respectively), which correspond
to the observation in ΔF − t growth curves. Another important
information we can derive from the 1H NMR spectra is that
more defective linkers were incorporated in DE SURMOFs by
the mixing method than by the alternating method. Compared
to the defect engineered bulk samples, we find that a less
amount of H2ip was incorporated in DE SURMOFs,30 while
more amounts of H2OH ip and H2pydc were integrated in the
thin films by the mixing method.19

The measurements of ToF SIMS were also performed to
determine the amount of defective and parent linkers in DE
SURMOFs HKUST 1.44 Unfortunately, it is difficult to

Figure 3. IRRAS spectra of pristine (black) and DE SURMOF
HKUST 1 fabricated by the mixing method (light color) and
alternating method (deep color). Herein, the peaks located at 1631
and 1572 cm−1 indicated by green tick marks are the COO− vibration
originating from mixed [Cu2(btc/pydc)n(OAc)4−n] paddlewheels and
[Cu2(OAc)4] paddlewheels, respectively.

Figure 4. (a) Modified paddlewheel, (b) linker vacancy, and (c) metal
vacancy.



distinguish defective linkers ip and OH ip from the parent
linker btc because of their close molecular structures and
elemental compositions. SIMS is quite destructive due to the
bombardment of the samples with 25 keV Bi3+ primary ions,
thus yielding identical fragments for ip and btc, as ip can be
seen as a btc substructure. Nevertheless, the situation for pydc
is different, which can be distinguished from btc (Figure S7a).
Finally, we find that the pydc concentration of pydc M is
∼15% more than that of pydc A (Figure S7b) by referencing
to precursor H2pydc, which agrees with the results of NMR
analysis.
3.3.2. UV−vis Spectroscopy. Since defects in the MOF

framework may affect the electronic and optical properties of
the material,33,45 UV−vis spectroscopy, shown in Figure 5, was

employed to investigate the defects in DE SURMOFs
HKUST 1. The UV−vis spectra show two characteristic
absorption bands assigned to the π−π* transition of the
phenyl ring at about 205 nm (band A)46,47 and ligand to metal
charge transfer at about 260 nm (band B).48 Moreover, the
absorption of d−d transitions in Cu paddlewheels can be
observed in the visible range (around 460 nm, band C). As we
can see in the spectra, by incorporating defective linkers, the
intensity of band B increases relative to that of band A as
compared to the pristine sample. In order to show how much
the intensity of band B was increased more clearly, the ratio of
the absorption intensities of bands B and A (B/A, shown in the
inset table of Figure 5) is proposed. The B/A ratios reflect the
defect density in DE SURMOF HKUST 1 and show an
uptrend in the following sample order: defect linker free, ip
defected, OH ip defected, and pydc defected. This tendency
matches with the different doping levels of defective linkers
and also with the electron donor/acceptor properties of
functional groups at the fifth position of defective linkers.49

Furthermore, the DE SURMOFs fabricated by the mixing
method have larger B/A ratios than those synthesized by the
alternating method. This means that more defects were
incorporated in the framework by the mixing method, which
is also supported by the 1H NMR data.
3.3.3. Methanol Adsorption. The presence of metal and

linker vacancies influences the porosity of DE SURMOF
HKUST 1. Herein, methanol vapor adsorption was performed
on SURMOFs to investigate the impact of defects on sorption
properties, which are presented in Figure 6. The DE

SURMOFs HKUST 1 defected by H2ip and H2OH ip exhibit
enhanced adsorption capacity in comparison with the parent
one. Notably, ip M shows the highest methanol adsorption
capacity (14.69 mmol g−1) among all thin films. This result
indicates that the porosity of DE SURMOF HKUST 1 is
enhanced by incorporating defects in the lattice. On the
contrary, the adsorption capacities of pydc M and pydc A are
drastically reduced, which is probably due to the inclusion of
large amounts of Cu(OAc)2 in the pores of HKUST 1 through
bonding with the pyridinic N of pydc. This situation differs
from the reported bulk HKUST 1 defected by pydc, which
shows a hysteresis/mesopore structure.19

3.3.4. SEM. The morphologies of DE SURMOFs were
recorded by SEM, which are presented in Figure S8a. With the
addition of different defective linkers, the obtained DE
SURMOFs HKUST 1 show a diverse morphology compared
to the pristine one. Moreover, the fabrication method
influences the morphology. For DE SURMOFs defected by
ip and OH ip, the samples fabricated by the mixing method are
assembled by regular shaped and smooth octahedra or cubes,
while those samples prepared by the alternating method show
arbitrarily shaped MOF particles. However, the morphologies
of pydc defected DE SURMOFs HKUST 1 seem independent
from the synthetic method, with the SEM images of pydc M
and pydc A doped HKUST 1 SURMOFs being similar.
Moreover, the cross sectional SEM images of DE SURMOFs
were measured (Figure S8b). The thickness of 10 cycles of the
HKUST 1 seed layer is about 30 nm. The overall thicknesses
of DE SURMOFs are also listed: about 110, 250, and 160 nm
for ip M, OH ip M, and pydc M; and 100, 180, and 110 nm
for ip A, OH ip A, and pydc A, respectively. Basically, the
thickness of DE SURMOFs synthesized by the mixing method
is thicker than that prepared by the alternating method, which
agrees well with the total mass deposition of the two methods
determined via QCM (ΔmMixing > ΔmAlternating).

3.4. Comparison of Two Methods. For comparing the
advantages of two methods, DE SURMOFs with higher
density of ip were also fabricated. Specifically, ip M’ with a
feeding ratio of H2ip:H3btc = 2:1 and ip A’ (ip A”) with the
repeating loop of 1 cycle of Cu(OAc)2/H3btc followed by 2
(4) cycles of the Cu(OAc)2/defective linker were obtained.
The ΔF − t growth curves are shown in Figure S9, from which
we can see the growth of thin films. XRD patterns and
methanol sorption isotherms (shown in Figures S10 and S11)
confirm the phase purity and porosity of these DE SURMOFs

Figure 5. UV−vis spectra of pristine (black) and DE SURMOFs
(color) HKUST 1. The inset table is the net absorption intensity ratio
B/A of each spectrum.

Figure 6. Methanol adsorption−desorption isotherms of pristine
(black) and DE SURMOF HKUST 1 fabricated by the mixing
method (light color) and alternating method (deep color).



HKUST 1; however, the phase purity and porosity tend to
decrease with the incorporation of more defect linkers in the
framework.
Note that there are some flat stages appearing in the ΔF − t

curves of ip A’ and ip A” (Figure S12), which means that the
surface of SURMOF is terminated and the growth of thin films
is interrupted during the Cu(OAc)2/H2ip dosing steps.13 The
growth of thin films could continue when alternating to dose
Cu(OAc)2/H3btc. Speculating from this observation and
reasoning, the parent and defective linkers are obviously
distributed in a layered “ABAB” fashion within DE SURMOFs.
However, we are unable to provide rigorous proof of such a
kind of defect distribution. That is to say, the alternating
method probably offers a higher degree of controllability in the
distribution of defects in DE SURMOFs HKUST 1. However,
the mixing method is more efficient in incorporating defective
linkers in SURMOF HKUST 1 compared to the alternating
method. Furthermore, the samples OH ip M and pydc M
exhibit higher defect densities than the corresponding bulk
defect engineered HKUST 1 reference powder samples.19

4. CONCLUSIONS

In conclusion, two synthetic methods, mixing LBL method and
alternating LBL method, are employed to fabricate DE
SURMOFs HKUST 1 by partially substituting the parent
H3btc linker with defective linkers H2ip, H2OH ip, and
H2pydc. The frequency change against time (ΔF − t) growth
curves indicate the growth of DE SURMOFs HKUST 1. The
measurements of XRD, IRRAS, and Raman spectroscopy
confirm that the lattice of HKUST 1 remains intact with
integrating defective linkers up to the reported doping levels.
The defects in DE SURMOFs HKUST 1 were characterized
by 1H NMR, TOF SIMS, UV−vis, methanol vapor adsorption,
and SEM. At last, we compared the advantages of two methods
for incorporating defects in SURMOFs HKUST 1: the mixing
method is more efficient to incorporate defects in the
framework structure, while the alternating method shows a
higher controllability in the distribution of these defects. These
two methods supply a possible way to control the defect
formation in MOF thin films.
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