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Introduction
Graphene-based materials have generated great interest owing to their unique properties
including large specific surface area, excellent electrical and thermal conductivity, good light
transmission, high mechanical strength and life-cycle stability1, 2. More importantly, due to its
oxygen containing functional groups (i.e., hydroxyl, carboxyl, carbonyl and epoxy groups), GO
has more attractive characteristics than graphene, such as better dispersion in water (higher
hydrophilicity), and adjustable micro- and meso-structures because of easy functionalization via
chemical modification3. Thus, given the chemical richness of its surface, it is possible to crosslink GO layers with organic ligands in order to obtain pillared graphene-oxide materials or
graphene-oxide frameworks (GOFs). In this work we selected diboronic acid ligands of various
structures: Benzene-1,4-diboronic acid (DBA), 4,4-Biphenyldiboronic acid (BDBA). They were
used to cross-link GO to prepare GOF with varying d- spacing. We also investigated the
influence that linkers in the thermal stability and the textural properties.
Materials and Methods
GO was synthesized using the modified Hummers method reported by Cruz-Silva et al.4 GOFs
were obtained by solvothermal synthesis in mild conditions. Briefly, 1 mmol of the ligands was
dissolved in methanol, and mixed with an equal amount (weight) of GO also dispersed in
methanol. The suspensions were stirred for 30 minutes at room temperature, and then transferred
to a stainless steel autoclave and left for 60 h at 100 ℃. The resulting products were washed and
centrifuged several times with methanol, in order to remove unreacted starting materials and
dried overnight at room temperature. The resulting powders were characterized by means of Xray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy and thermal analysis. The
textural properties were characterized by N2 and CO2 adsorption at 77 and 273 K, respectively.
Results and Discussion
XRD patterns of the starting GO and the obtained GOF-DBA and GOF-BDBA samples showed
a single diffraction (001) peak at different positions. In the case of GO, the expected peak at 9.6º
was obtained, corresponding to the interlayer spacing of GO layers. For the GOFs, the peak was
still sharp but shifted towards lower values, depending on the boronic acid ligands. This indicates
the expansion of the layers of the GO upon the incorporation of the organic linkers, suggesting a
successful binding of these to the surface groups of the GO. The characterization by FTIR
spectroscopy (Figure 1) also confirmed this finding. As seen, in addition to the characteristic
bands of GO present in the all spectra, two bands were clearly observed in the corresponding

spectra of samples GOF-DBA and GOF-BDBA. The first one appears at 1320 cm-1, and is
related to the B–O stretch due to cross-reaction of boronic acids with GO layers by boronateester formation5, 6 . The second one at 1080 cm-1 corresponds to the prominent B–C vibrations.
The thermal stability of the materials was
confirmed by the slightly higher thermal
decomposition temperatures of the GOFs,
compared to the GO, as well as the slightly
smaller total mass loss -due to the stabilization
of the functional groups linked to the organic
spacer-. Further confirmation was obtained by
the analysis of the evolved gases by TPD-MS
with the detection of the m/z signals
corresponding to the decomposition of the
ligands, besides in addition to typical CO,
CO2, H2O, O2 and SO2 m/z signals of GO.

Figure 1. FTIR spectra for GOFs and GO precursor.

Regarding the textural features, the analysis of the gas adsorption data revealed the presence of
narrow microporosity in the prepared GOFs, with a strong dependence with the organic linker
(composition and dimensions).
Conclusions
We have successful synthesized graphene-oxide frameworks by grafting linear diboronic acids to
GO sheets. As inferred from XRD data, the GOF structures showed an increase in the interlayer
spacing of the GO layers, indicating the pillaring of the linkers. This was further supported by
FTIR, and TPD-MS, evidencing the occurrence of boronate-ester bonding formation. The soprepared frameworks exhibit a remarkable increase in the porosity, comprised of narrow
micropores, as confirmed from gas adsorption data.
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