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Growth of ZIF-8 MOF Films with Tunable Porosity by using Poly
(1-vinylimidazole) Brushes as 3D Primers

Juan A. Allegretto+,[a, b] Agust�n Iborra+,[a] Juan M. Giussi,[a] Catalina von Bilderling,[a, c]

Marcelo Ceol�n,[a] Sergio Moya,[d] Omar Azzaroni,*[a] and Matias Rafti*[a]

Abstract: This work reports on a novel and versatile ap-
proach to control the structure of metal–organic framework
(MOFs) films by using polymeric brushes as 3D primers, suit-
able for triggering heterogeneous MOF nucleation. As a
proof-of-concept, this work explores the use of poly(1-vinyli-
midazole) brushes primer obtained via surface-initiated atom
transfer radical polymerization (SI-ATRP) for the synthesis of
Zn-based ZIF-8 MOF films. By modifying the grafting density
of the brushes, smooth porous films were obtained featuring

inherently hydrophobic microporosity arising from ZIF-8
structure, and an additional constructional interparticle mes-
oporosity, which can be employed for differential adsorption
of targeted adsorbates. It was found that the grafting densi-
ty modulates the constructional porosity of the films ob-
tained; higher grafting densities result in more compact
structures, while lower grafting density generates increasing-
ly inhomogeneous films with a higher proportion of inter-
particle constructional porosity.

Introduction

The quest for novel and efficient strategies aimed at obtaining
composite porous materials with tailored functional properties
remains a very active research sub-topic in materials science.[1]

Moreover, the ability to synthesize composites featuring poros-
ity with different chemical characteristics adds an additional
degree of complexity and greatly enhances the number of
possible applications in diverse fields, such as adsorption, cat-
alysis, and energy storage/conversion.[2–5]

Appealing examples of such composites are those that in-
clude a relatively new class of materials with permanent poros-

ity known as metal–organic frameworks (MOFs), that can be
best described as crystalline networks of metal ions (or metal-
ion containing clusters) non-covalently bonded to multiden-
tate organic linkers. MOFs can feature remarkably high BET sur-
face areas (up to 6500 m2g�1, among the highest reported
values to date),[6] and very versatile surface chemistry, just to
mention the key features that have attracted the attention of
the materials science research community.[7–9]

MOFs can be produced as colloidal dispersions and subse-
quently used as units for film assembly, or via direct heteroge-
neous nucleation on suitable substrates. In either case, chemi-
cal modification protocols can be applied in order to confer di-
verse functionalities; e.g. , to endow tailored affinity towards
selected adsorbates or enhanced hydrophilic/hydrophobic
character, thus widening the applications possible.[10–15] Among
the various available methods for synthesis of MOF films, the
Liquid Phase Epitaxy (LPE) is the most suitable because it ena-
bles integration into “soft” polymeric composites due to the
mild conditions employed.[16] Depending on the thickness, two
main categories of films can be distinguished; namely, surface
mounted MOFs or SURMOFs (few nanometers thick, and usual-
ly grown via Langmuir–Blodgett method),[17] and MOF thin
films (several hundred nanometers thick). Fabrication of such
films over desired substrates involves the use of suitable pri-
mers that must guarantee mechanical stability and can; e.g. ,
determine a preferred film crystalline orientation or morpholo-
gy.[18–23] Among the most interesting examples of the use of
MOF thin films applications in separation membranes,[24] elec-
trocatalysis,[25] or sensing can be mentioned.[26–28]

Polymer-MOF composites are a relatively recent develop-
ment, with the appealing possibility of further control over
structure gained through polymer incorporation. Remarkable
examples of possible applications of such composites are the
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Mixed Matrix Membranes, in which the MOF-phase is embed-
ded into a polymeric continuous matrix. These architectures
can outperform traditional adsorbents for selective transport
of gas molecules in technologically-relevant mixtures.[29,30] An-
other important example of polymer-MOF composites was in-
troduced by combining conductive polymers and MOFs into
cost-effective composite electrocatalysts.[31,32]

Among MOF-based structures, polymer-MOF composite
films have the unique advantage of featuring two different
classes of environments; i.e. , an intrinsic microporosity with
uniform size provided by MOF crystalline structure (intra-
particle), and an interparticle porosity with somehow high
polydispersity and highly dependent on the nature of the poly-
meric environment (or matrix), also called “constructional” po-
rosity.[33]

There are multiple strategies for the integration of polymers
and MOFs, which of course render different composite struc-
tures. For instance, polymer-embedded MOFs (also known as
polyMOFs) can be obtained by incorporating suitable polymers
displaying moieties capable of coordinating MOF metallic ions
into the synthesis mixtures, or by including monomers in the
reaction mixture.[34] Spray-drying methods with adequate sol-
vents allow for rapid one-step integration yielding polymer-
coated MOFs.[35] A large variety of core–shell composites can
also be produced by means of surface-initiated atom-transfer
radical polymerization (SI-ATRP) reactions.[36–38] SI-ATRP usually
relies on the presence of amino moieties on the MOF surface,
which serve as anchor for covalent binding of the polymeri-
zation initiator. Non-covalent positioning (e.g. , hydrogen bond
crosslinking of carboxylic moieties) of the initiator has also
shown to be a valid alternative.[39]

The discussed examples strongly rely on interactions be-
tween dispersed MOF units and polymers, these approaches
restrict somehow the control of resulting composite structure
in terms of, e.g. , composition and homogeneity. It was already
demonstrated that such ability to control composite structure
has an important impact on the performance of micro- and
nano-structured systems.[40] An illustrative example of a differ-
ent approach is the use of specific interactions between Zn2+

ions and sulfonate moieties as directing agents for the control
of hybrid membranes featuring well-dispersed ZIF-8 MOF units
across a poly(4-styrenesulfonic acid) polymeric film. Such com-
posite membrane was shown to be highly homogeneous and
mechanically stable with good performances in separation ap-
plications.[41] The key idea behind this approach is the use of
specific interactions between MOFs precursors and targeted
polymeric components, which in turn will trigger confined nu-
cleation, as was recently reported for the directed nucleation
of ZIF-8 films over Self-Assembled Monolayers (SAMs) exposing
appropriate chemical moieties.[22] This concept can be further
extended to three-dimensions (thus creating a “primer
volume”, rather than 2D-SAMs primer surface), by using poly-
mer brushes exposing such moieties responsible for triggering
MOF nucleation.[42] Polymer brushes allow additional control of
the resulting structure by manipulation of variables such as
surface grafting density, grafting thickness and spacing of
monomers across the polymeric chain.[43] By controlling such

parameters, rough assemblies of MOF particles with diameters
ranging from 0.09 to 1.3 mm were formed.

The above mentioned Zn-based ZIF-8 MOF belongs to the
so called ZIFs subclass (Zeolitic Imidazolate Frameworks), and
is one of the most robust and versatile members of the family,
and thus one of the most explored for multiple applications.
ZIFs subclass features tetrahedrally coordinated M2+ centers
(most commonly zinc and cobalt based) with imidazolate-de-
rived N-bidentate linkers. In particular, ZIF-8 features a crystal-
line sodalite-like topology of Zn2+ ions coordinated by 2-meth-
ylimidazolate (mIm�) linkers.[44,45] ZIF-8 features highly hydro-
phobic micropores (6 � pore window, and 11.4 � diameter)
and reported BET surface areas =1600 m2g�1. The synthesis of
ZIF-8 thin films and the control of porous environments are of
great interest due to the extensive range of demonstrated ap-
plications ranging from gas separation,[46] to drug delivery,[47]

Fabry–Perot devices,[48] low-k dielectric materials,[49] and various
functional composites.[50] The highly hydrofobic nature of mi-
cropores, which is responsible for its great stability towards hy-
drolysis, is also a drawback for some intended use because re-
stricts the available contact area necessary for separation pro-
poses.

Inspired by the discussed strategies oriented to the develop-
ment of complex MOF-polymer architectures with different tail-
ored properties, we took the paradigm one step further and
explored the effect of poly(1-vinylimidazole) brushes as 3D pri-
mers for ZIF-8 film growth. By selecting this particular mono-
mer with the same chemical moiety than ZIF-8 imidazolate
linkers, we aimed to the creation of sites for Zn2+ positioning,
causing confined triggering of ZIF-8 growth.[51] In this way, an
enhanced integration of the brush monomers into the MOF
film could be achieved, together with an improvement in the
control over film structure. The results obtained show that
brush grafting density used dictates the resulting porous struc-
ture of films synthesized; i.e. , different brush densities control
the proportion of additional constructional mesoporosity, fea-
turing an increased hydrophilic character, which opens the
path for the synthesis of films with tailored hydrophilic/hydro-
phobic adsorption sites.

Results and Discussion

Synthesis of ZIF-8@PvIm brushes

The mechanism for the observed ZIF-8 heterogeneous nuclea-
tion enhancement can be hypothesized to arise from Zn2+ pre-
concentration in the polymeric primer triggered by coordina-
tion imidazole moieties. To bring evidence to the proposed
mechanism, a poly(1-vinylimidazole) polymer was synthesized
in bulk using identical conditions to those for the brush and
characterized by NMR (see section S2.1 in Supporting Informa-
tion). Then, FTIR spectra obtained for both, as synthesized
polymer before and after exposure to Zn2+ evidences the in-
teraction between Zn2+ and imidazole thus.

XPS spectra shown in Figures S3 (see Supporting Informa-
tion) confirm successful surface silanization of silicon sub-
strates, followed by modification of APTES with Br-iBuBr initia-
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tor. Specifically; this can be inferred from the presence of
287.1 eV binding energy (BE) signal corresponding to C�Br.[52]
It was observed that XPS-determined Br content decreased as
lower APTES percentages were used in the silanization mixture
since Br-iBuBr modification can only occur when -NH2 moieties
are present (see Supporting Information, Figure S4). By using
different APTES proportions, the effective grafting density can
be successfully controlled, as summarized in Table 1.

As discussed above and depicted in Scheme 1, brush synthe-
sis and ZIF-8 MOF formation can be followed by looking at
changes in the N1s XPS signal. When comparing results ob-
tained for APTES-terminated surface and after Br-iBuBr reaction
(Figure 1a vs. 1b), an evident shift N1s signal to lower BE
occurs. Such an effect can be ascribed to amide tautomeric
equilibrium. The appearance of N=C and N�C signals at
398.6 eV and 400.4 eV respectively, confirm the successful syn-

thesis of polymer chains after ATRP reaction (Figure 1c).[53] Fi-
nally, after ZIF-8 growth, the XPS signal for the N1s region is
dominated by 2-methylimidazolate present in MOF structure
(Figure 1d).[54] The discussed sequential changes were also ob-
served when carrying silanization procedure using different
APTES percentages (see Supporting Information, Figure S5, to-
gether with further details on XPS characterization in Section
S2.2). In the supplementary video provided, the proposed
mechanism for obtaining the films using the preconcentration
of Zn2+ by brushes is illustrated with a sketch animation (see
Supporting Information, Video 1).

Crystalline structure of the synthesized ZIF-8 films was char-
acterized by XRD. Results are presented in Figure 2a. Even
though the positions of diffraction peaks for the synthesized
films are in line with the calculated diffractogram from report-
ed ZIF-8 structure, peak width suggests low size crystalline do-
mains. In order to quantify the effect of polymer brush grafting
density on film growth, in situ QCM experiments were also car-
ried out on modified sensors. Increasingly higher values for
surface mass density (G) can be associated with higher grafting
densities as expected from the increasing APTES content in the
corresponding silanization mixture used, as observed in Fig-
ure 2b. Calculations for G were conducted using the Sauerbrey
equation, which can be applied due to the low dissipation
values obtained (8–15�10�6 range, 3rd resonator overtone)
and the obtained values for the ratio between dissipation and
frequency, which allows considering the film as a non-visco-

Table 1. XPS quantification carried out after Br-iBuBr anchoring on modi-
fied surfaces with 100–50–5% APTES content in the silanization mixture.

XPS
quantification

APTES content in the
silanization mixture [%]

100 50 5
C [%] 52.1 43.9 32.8
N [%] 7.2 6.6 3.1
O [%] 39.5 48.5 63.7
Br [%] 1.2 0.9 0.5

Scheme 1. Schematized procedure for sequential ZIF-8@PvIm film synthesis: (a) Si wafer surface silanization and anchoring of ATRP initiator, (b) ATRP synthesis
of Poly(1-vinylimidazole) brushes, and (c) early stages of heterogeneous nucleation and growth of ZIF-8 films.
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elastic solid.[55] The values obtained for G corresponding to
films grown on grafted QCM sensors were compared to those
from a control experiment conducted using a 100% TEES sila-
nization mixture (i.e. , no brush present) in order to take into
account the contribution of non-specific ZIF-8 deposition (see
Figure 2b).

Characterization of PvIm grafted substrates and ZIF-8@PvIm
films

The surface morphology of PvIm grafted substrates was ana-
lyzed via AFM experiments (see Supporting Information, Sec-
tion S2.3, and Figure S9) ; and the (APTES:TEES) ratio used in
the silanization procedure was found to play a decisive role in

Figure 1. XPS N1s band for each step of the film synthesis. (a) APTES modified substrate, (b) after reaction with Br-iBuBr, (c) after ATRP synthesis off PvIm poly-
meric brushes, and (d) after ZIF-8 synthesis on PvIm (ZIF-8@PvIm).

Figure 2. (a) ZIF-8@PvIm diffractograms obtained using different 3D primer grafting densities. Dashed lines correspond to the calculated XRD pattern. (b) Left
axis : Frequency decrease (n=3 overtone) after completion of one cycle of ZIF-8 synthesis on polymer brushes grafted surfaces using different silanization
mixtures (APTES percentage, x-axis). Right axis : Surface Mass Density (G) obtained from the Sauerbrey equation. The dashed line corresponds to the nonspe-
cific deposition of ZIF-8 on 100% TEES silanized surface.
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3D primer structure (the morphologies obtained are quite dif-
ferent, as observed via SEM, see Figure S10 in the Supporting
Information). Grafting density determines the average distance
between polymer chains and density of exposed moieties in-
volved in ZIF-8 nucleation; which ultimately affects the packing
of film units related to the resulting constructional porosity
(e.g. , 50% grafting condition causes the polymer chains to
present a topologically smoother surface than that obtained
using 5% and 100%, as observed via AFM, see Supporting In-
formation Figure S9). Film morphologies cannot be directly as-
sessed from the roughness of the initial 3D primer as deter-
mined by AFM. Both AFM and SEM experiments were em-
ployed to gain further insight in this regard, see Figure 3a. For
all the explored grafting densities, ZIF-8 MOF surface coverage
can be assumed to be complete and different from what is ob-
served when experiments are conducted using a 100% TEES-
functionalized substrate surface (i.e. , dispersed, non-specifically
attached particles, rather than uniform films) see Figure 3b.

X-ray reflectometry (XRR) and Spectroscopic Ellipsometry
(SE) techniques were employed to further characterize the ar-
chitecture and lateral structure of composite films. The pres-
ence of multiple critical angles (qc) in XRR depends on the
stratification and smoothness of the interphases between
layers with different electronic densities. Specifically, qc at q=
0.020�0.002 ��1, present in all the analyzed films, can be as-
cribed to ZIF-8 phase, while qc at q=0.031�0.002 ��1 corre-
sponds to Si substrates (see Figure 4a). Considering surface

roughness of films determined via AFM (see above), the inten-
sity loss on XRR signal observed in films grown using 50%
grafting density can be rationalized in terms of the damping
produced by such local roughness. From the observed low-fre-
quency Kiessig fringes (Kf), the presence of a thin layer of Dq=
0.08 ��1, equivalent to 8 nm thickness can be inferred. XRR ex-
periments performed after ZIF-8 growth feature an addition
critical angle, which suggests further stratification. In particular,
for films obtained using 5% grafting density, high-frequency Kf
are present (denoted with asterisks in Figure 4a). The spacing
between Kf can be estimated to be Dq=0.006�
0.002 ��1 equivalent to approx. 100 nm thickness, as expected
for ZIF-8 films. Figure 4-b shows a comparison between XRR
experiments carried over bare polymer brush (5% grafting
density) before and after ZIF-8 synthesis. While qc at q=
0.020�0.002 ��1 corresponding to ZIF-8 is only present after
film formation, the above-discussed low-frequency Kf appears
in both experiments, thus supporting the above discussed pro-
posed structure.

Spectroscopic Ellipsometry (SE) experiments were performed
on ZIF-8@PvIm films using results obtained from XRR as input
in the construction of a suitable model for interpretation of
the composite material. Since both PvIm and ZIF-8 can be con-
sidered as transparent in the spectral range employed, the el-
lipsometry model was built using a combination of Cauchy
layers. Table 2 summarizes the characteristic values for refrac-
tive index n and extinction coefficient k, after modelling exper-

Figure 3. (a) Three-dimensional topographic images (1 mm�1 mm) for ZIF-8@PvIm films with different APTES % grafting together with 25k magnification SEM
images. (b) SEM images for non-specific deposition of ZIF-8 at increasingly higher magnification (from left to right).
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imental results obtained for films synthesized using different
grafting density. Optical constants for ZIF-8@PvIm samples
were fitted and compared with pure ZIF-8 films (high optical
quality 608 nm thick ZIF-8 films were obtained using 3-mer-
capto-propane-sulfonic acid MPSA-modified gold substrates).[23]

For further details on SE experiments and the use of pure ZIF-8
film reference, see section S2.4 in Supporting Information.

While the QCM-derived G shows that lower grafting densi-
ties imply less ZIF-8 being growth, SE experiments suggest
that film thickness increases, as well as its surface roughness.
This comparison suggests that lower packing densities arise
from the use of lower PvIm grafting densities, thus affecting
constructional porosity of the film.

Different porous environments present on ZIF-8@PvIm films
and the effect on adsorption properties

In order to characterize different porous environments, present
in the films, SE experiments were performed in a flow cell al-
ternating pure N2, methanol-saturated N2, and water-saturated
N2 streams. By carefully choosing the adsorbates, it is possible
to explore the total or partial pore volume available for a
given guest adsorbate; e.g. , microporous volume present can
be probed via methanol adsorption but is not available for
water adsorption, while constructional porosity can be ac-

cessed by both adsorbates.[56] The measured changes on the
Refractive Index (RI) after exposure to different adsorbates
(flow conditions, 1.5 h equilibration time) can be related to
pore-filling, as presented in Figure 5. The reversibility of the for
adsorption/desorption cycles along with the stability of com-
posite films can be inferred from almost constant optical sur-
face mass density Goptical, which can be proved to be propor-
tional to the product of layer thickness (dZIF) and the solid
volume fraction as obtained from Bruggeman’s Effective
Medium Approximation (fZIF) dZIF � f ZIF , as shown in Figure 5
inset.

Bruggeman approximation can be used to quantify film po-
rosity in terms of volume fractions corresponding to both in-
herent ZIF-8 microporosity and interparticle constructional po-
rosity. A detailed discussion on the assumptions made for cal-
culations, along with a summary of the RI values obtained for
different conditions can be found in Supporting Information,
Tables S2 and S3. Briefly, Bruggeman approximation considers

Figure 4. X-ray Reflectivity curves for (a) ZIF-8@PvIm at different grafting densities and (b) comparison between PvIm and ZIF-8@PvIm with 5% grafted sur-
face. While normalized, the curves were plotted on separate axes for clarity purposes. *Modulated high-frequency Kf, see main text.

Table 2. Values from Ellipsometric measurements for ZIF-8@PvIm samples
and comparison with Surface Mass Density obtained from QCM experi-
ments.

ZIF-8@PvIm X% 100 50 5

Stratified layer
thickness [nm]

6.4 12.5 5.8

ZIF-8 layer
thickness [nm]

111.8 119.3 126.1

Final Roughness [nm] 7.6 16.1 21.3
neffective
ZIF�8 l¼632:8 nm 1.3414 1.3436 1.3441

keffective
ZIF�8 l¼632:8 nm 0.0072 0.0077 0.0102

GQCM
ZIF�8 [mgcm

�2] 12.00 10.40 7.10

Figure 5. Relative refractive index measured at l=632.8 nm after exposure
to different adsorbates in SE flow cell. Inset : Relative changes on optical Sur-
face Mass Density according to Bruggeman approximation demonstrating
the reversibility of the adsorption process.
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a set of non-uniform inclusions into a continuous phase, allow-
ing the deconvolution of individual contributions arising from
each component (i.e. , solid phase and empty or solvent-filled
inclusions) to the final effective optical properties.

As shown in Figure 5, it is not possible to derive a straight-
forward dependence between relative variations on effective
RI and grafting density after methanol exposure; e.g. , films
grown on 5% primer grafting density present a higher relative
variation than 50% grafting density. Bruggeman approxima-
tion-based calculations allow rationalizing such observation
since a lower total porosity was found for the films grown
using a 50% grafting density than for those grown using a 5%
grafting density (see Table S3 at Supporting Information). How-
ever, regarding water adsorption the trend observed is clear:
as grafting density decreases, there is an increase in RI
changes. Considering that (i) the available pore volume can be
divided into microporosity (accessible only to N2 and metha-
nol), and interparticle constructional porosity (mesoporosity
MP, also accessible to water) and (ii) that after water adsorp-
tion, micropores remain totally filled with N2; it is possible to
deconvolute the fraction corresponding to each contribution
to the overall porosity available in the synthesized films, see
Figure 6a. Values are presented as relative MP compared to
the measured MP for ZIF-8@MPSA films in order to address the
effect of polymer chains on the film structure (full details of
calculation can be found in Supporting Information, see
Table S3).

As can be seen, as grafting density decreases, MP increases.
In other words, higher grafting densities result in more com-
pact structures, while lower grafting density, generates increas-
ingly inhomogeneous films with a higher proportion of inter-
particle constructional porosity.

Conclusions

The strategy proposed for achieving a hierarchical structure of
porous films relies on the control of spacing between surface-
grafted poly(1-vinylimidazole) chains (3D primers), capable of
Zn2+ preconcentration. This effect triggers the confined heter-

ogeneous nucleation of ZIF-8 MOF. Through QCM experiments,
it was demonstrated that the extent of MOF growth can be
controlled by modifying brush grafting density; thus, evidenc-
ing the key role of PvIm chains for the nucleation and growth
processes. Concomitantly, grafting density modulates the con-
structional porosity of the films obtained; increasing the sur-
face density of brush-grafted chains, decreases the proportion
of such mesoscopic pore space.

The results presented herein open the path to new strat-
egies towards the rational design of hierarchically porous
structures with different affinities in terms of hydrophilic char-
acter. The above-described synthesis strategy can be easily
adapted to different MOFs by using suitable monomers for
polymeric brush synthesis.

Experimental Section

Materials : Silicon <100> wafers were purchased from PhotonEx-
port. (3-aminopropyl)triethoxysilane (APTES), Triethoxy(ethyl)silane
(TEES), alpha-bromoisobutyryl bromide (Br-iBuBr), Triethylamine
(TEA), Tetrahydrofuran (THF), anhydrous methanol, 1-vinylimidazole
(vIm), Copper (I) Chloride, 2,2’-Bipyridil (Bpy), Ethylenediaminetetra-
acetic acid disodium salt dihydrate (EDTA), Zinc Nitrate Hexahy-
drate (ZnN), and 2-methylimidazole (HmIm), were purchased from
Sigma-Aldrich and used without further purification. 5 MHz SiO2-
coated Quartz-Crystal Microbalance sensors were purchased from
QuartzPro.

Characterization methods: X-ray Photoelectron Spectroscopy
(XPS), Atomic Force Microscopy (AFM), Quartz-Crystal Microbalance
(QCM), X-Ray Diffraction (XRD), X-Ray Reflectivity (XRR), Spectro-
scopic Ellipsometry (SE), Nuclear Magnetic Resonance (NMR), Fouri-
er-Transform Infrared Spectroscopy (FTIR), and Scanning Electron
Microscopy (SEM) were employed for characterization. Details on
the experimental conditions applied can be found in the provided
Supplementary Information file.

Synthesis of ZIF-8@PvIm: ATRP-synthesized Poly(1-vinylimidazole)
brushes were used as 3D primers for ZIF-8 film growth; such films
will be referred to ZIF-8@PvIm. The procedure followed is depicted
in Scheme 1 (see detailed description in Supporting Information
file) and can be briefly described in three consecutive steps:
(i) both silicon slides and SiO2-coated QCM substrates were modi-

Figure 6. (a) Constructional interparticle porosity (MP) corresponding to ZIF-8@PvIm films relative to values measured for ZIF-8 films grown over MPSA self-as-
sembled monolayers (calculated using Bruggeman approximation). (b) Schematic of mesoscopic domains generated by different grafting densities of polymer
brushes defects on the resulting composite film.
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fied with different APTES:TEES proportions (5–50–100% APTES
content) by using a 2%v/v silane ethanolic solution at room tem-
perature. Br-iBuBr ATRP initiator was then covalently bonded to
APTES termination moieties by immersing the substrates into TEA/
superdry toluene mixture and adding the initiator from a 20%v/v
toluene solution for 24 h. (ii) Poly(1-vinylimidazole) brushes were
grown by Cu-Bpy catalyzed ATRP reaction by immersing the func-
tionalized substrates in a 0.15 gmL�1 monomer solution. (iii) ZIF-8
films were grown by first exposing brush-grafted substrates to
Zn2+ methanolic solution in order to favor the preconcentration of
metal ions via coordination with imidazole moieties on the poly-
mer brush. Then, 2-methylimidazole (HmIm) methanolic solution
was added with the ZIF-8 stoichiometric molar ratio, and the reac-
tion was conducted for 30 min, followed by substrate washing
with fresh solvent and drying.
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Growth of ZIF-8 MOF Films with
Tunable Porosity by using Poly (1-
vinylimidazole) Brushes as 3D Primers

Poly(1-vinylimidazole) brushes served
as heterogeneous nucleation points for
ZIF-8 MOF growth. By modifying the
brush grafting density, the films fea-
tured inherently hydrophobic micro-
porosity arising from ZIF-8 structure,
and an additional constructional inter-
particle mesoporosity, which can be em-
ployed for differential adsorption of tar-
geted adsorbates.
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