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In this review, we intend to give an overview of the synthesis of well-defined covalently bound organic network materials such as covalent organic frameworks, conjugated
microporous frameworks, and other “ideal polymer networks” and discuss the different
approaches in their synthesis and their potential applications. In addition we will describe
the common computational approaches and highlight recent achievements in the computational study of their structure and properties. For further information, the interested
reader is referred to several excellent and more detailed reviews dealing with the synthesis
(Dawson et al., 2012; Ding and Wang, 2013; Feng et al., 2012) and computational aspects
(Han et al., 2009; Colón and Snurr, 2014) of the materials presented here.
Keywords: covalent organic frameworks, conjugated microporous polymers, computational high-throughput
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INTRODUCTION
Polymeric networks, with well-defined structures, can accommodate, interact with, and discriminate molecules, thereby leading
to prominent applications. Indeed, due to the porous and robust
nature of the frameworks as well as the chemical properties of the
wall components, many of the materials have shown notable abilities for gas storage, gas separation, drug delivery, sensing, catalytic,
and photovoltaic (Wan et al., 2008) applications (see Figure 1 for
possible applications of organic polymer networks) (McKeown
and Budd, 2010; Xiang and Cao, 2013).
The high potential of covalently linked organic networks for
these selected applications originates from the combination of
large surface are, the high variability in the design of the organic
building blocks and the tunable pore sizes. Another important
feature of most covalent organic networks is their high physicochemical stability, which enables their application even at high
temperatures and under humid conditions. In the following paragraphs, we will highlight the specific features for the different
applications and refer to selected example from the literature.
Catalysis: the incorporation of catalytic sites within covalently
linked organic frameworks showed to be comparable with the
activities of the corresponding homogeneous catalysts, with the
added potential of size selectivity, recyclability, and chirality (Kaur
et al., 2011).
Gas separation: in gas separation vapors, gases, or liquids can
be separated depending on their size (molecular sieving) and/or
their affinity to the pore surface (selective adsorption). The organic
networks can be either synthesized as freestanding membranes
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(Lindemann et al., 2014) or be used in pressure swing adsorption
(Chang et al., 2013).
Gas storage: the main advantages of covalently linked organic
networks for gas separation are their high surface area/low density
due to their construction by lightweight elements in combination
with their high versatility in terms of incorporation of functional
groups (either within the building blocks or via post-synthetic
functionalization). The high variability allows the storage of large
amounts of gases with tailorable heat of adsorption within the
covalent networks (Liebl and Senker, 2013; Arab et al., 2014).
Photovoltaics: in organic photovoltaics, the possibility to
include functional building blocks into the organic networks
and their organization in well-defined geometries promises large
potential in order to optimize material properties toward high
absorbance, efficient charge separation, and transfer at the donor–
acceptor interface, fast diffusion of excitons, and efficient charge
collection (Chen et al., 2010; Dogru and Bein, 2014).
To take full advantage of the possibilities of organic networks
for applications is their macroscopic shaping in order to be able to
incorporate the materials within functional devices. Recent examples include the interfacial synthesis (Colson and Dichtel, 2013)
the layer-by-layer synthesis and the mechanochemical synthesis in
order to create thin layers, freestanding membranes (Lindemann
et al., 2014), or exfoliated layers (Biswal et al., 2013).

SYNTHESIS OF COVALENTLY LINKED ORGANIC NETWORKS
Control over network topology and specific surface area of covalently linked organic materials can be achieved via three different
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FIGURE 1 | Summary of applications for covalently linked organic
networks.

methods: (i) The first method is to use rigid, sterically demanding
molecular building blocks hold together via irreversible, but high
yielding reactions, to create networks with large free volumes. (ii)
The second method is to use reversible covalent reactions enabling
self-assembly of the building block into networks of long-range
order and crystallinity. (iii) The third method is to use a presynthesized template, which guides the structure and connectivity.
Figure 1 shows the three different approaches to create covalently
linked organic networks with control over topology and degree of
order – ranging to highly crystalline to amorphous – and with a
wide range of mechanical properties – from soft gel-like to highly
rigid (see Figure 2A for the three different synthesis methods to
create organic polymer networks).
COVALENT NETWORKS SYNTHESIZED VIA IRREVERSIBLE REACTIONS
OF STERICALLY DEMANDING HIGHLY RIGID MOLECULAR BUILDING
BLOCKS

Several different classes of organic polymer networks synthesized
via high yielding reactions between rigid and sterically demanding
molecular building blocks have been reported. The rigid organic
building blocks are mostly based on aromatic subunits and the
chemical reactions employed to connect them are mostly coupling reactions such as Ullmann, Yamamoto, or Click-Chemistry.
Their common feature is permanent porosity upon removal of the
solvent used in the synthesis and high physical and chemical stability. They typically lack long-range order and hence crystallinity,
nevertheless often show narrow pore size distribution (PSD).
Naming of these compounds is somewhat arbitrary. Examples
of such materials are conjugated microporous polymers (CMP),
(Jiang et al., 2007) hyper-cross-linked polymers (HCP), (Tsyurupa and Davankov, 2002) porous organic polymers (POP), (Farha
et al., 2009), and porous aromatic frameworks (PAF) (Ben et al.,
2009). However, since a common feature of this class of materials
is intrinsic porosity they can be regarded as a highly cross-linked
sub-class of polymers of intrinsic microporosity (PIM).
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Conjugated Microporous Polymers
Hyper-Cross-linked Polymers
Porous Organic Polymers
Porous Aromatic Frameworks
Covalent Organic Frameworks
Covalent Triazine Frameworks
Ideal Network Polymers
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FIGURE 2 | (A) Synthesis approaches to create organic polymer networks
via (i) intrinsic porosity of rigid building blocks, (ii) self-assembly of reversibly
connected building blocks, and (iii) template synthesis. We classified the
covalently linked organic networks according to the three above mentioned
synthesis approaches to control the network topology followed by an
introduction to the possibilities to simulate the network structures and
properties computationally. (B) Summary of commonly used acronyms for
covalently linked organic networks, their synthetic approach, and properties.

The first reported porous poly(aryleneethynylene) CMPs networks are composed of aromatic halides and aromatic alkynes,
which are connected using palladium-catalyzed Sonogashira–
Hagihara cross-coupling reactions.
POROUS POLYMERS SYNTHESIZED VIA REVERSIBLE COVALENT
REACTIONS

This class of materials is known as covalent organic frameworks
(COFs). COFs are composed of covalent building blocks made of
boron, carbon, oxygen, and hydrogen, in many cases also including nitrogen or silicon, stitched together by organic subunits. The
atoms are held together by strong covalent bonds. Depending on
the selection of building blocks, the COFs may form 2D or 3D
networks. Planar building blocks are the constituents of 2D COFs,
whereas for the formation of 3D COFs, typically tetragonal building blocks are involved. High symmetric covalent linking, as it is
perceived in reticular chemistry, was confirmed for the products.
Reversible reactions in the synthesis of COFs are usually
condensation reactions where the reversability originates from
the hydrolysis back reaction. Most COFs are synthesized either
by boronic acid condensation forming boronic anhydrite or by
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boronic acid condensation with catechol (El-Kaderi et al., 2007).
Other condensation reactions include imine (Uribe-Romo et al.,
2009) or hydrozone (Uribe-Romo et al., 2011) formation through
condensation of aldehyde and amine or aldehyde and hydrazide.
Two reaction mechanism not based on condensation reaction have
been reported to create crystalline frameworks. Covalent triazine
frameworks (CTFs) produced by trimerization of dicyano compounds, however to generate reversibility the reaction has to be
carried out under much harsher conditions (Kuhn et al., 2008).
A recently reported reaction mechanism for the synthesis of crystalline, covalently connected organic networks is the dimerization
of nitroso compound to azodioxides (Beaudoin et al., 2013). These
compounds show excellent crystallinity and even enabled the first
single crystal COF structures. However, due to the low stability, no
permanent porosity could be achieved and upon removal of the
solvent molecules the crystallinity was lost.
The first example of COFs (named COF-1) was prepared by
self-condensation of benzene-1,4-diboronic acid, via the elimination of water (Côté et al., 2005).
TEMPLATE SYNTHESIS OF COVALENT ORGANIC POLYMER NETWORKS

The synthesis of this class of materials is also based on irreversible
covalent reactions; however, the synthesis is directed by a template. The template is usually formed via self-assembly using noncovalent interactions of the building blocks. In this class of materials, the network topology and overall morphology arises from the
template, which is formed by self-assembly of molecular building
blocks connected either via coordination bonds (e.g., a metalorganic framework or porous coordination polymer) or selfassembled via hydrogen bonding or van der Waals interactions.
These structures are, in a subsequent step, covalently
cross-linked to enhance the thermal and mechanical stability. The
templates employed for this process can be divided in completely
preserved templates and sacrificial or semi-sacrificial templates.
The complete conversion of a template into a cross-linked
structure involves the crystallization of a specifically designed
photoreactive monomer into a layered structure and a photopolymerization step within the crystal (Kissel et al., 2012).
The (semi-)sacrificial conversion of a template structure was
achieved by the use of metal-organic frameworks as template. In
this approach, “ideal polymer networks” were created by covalent
cross-linking of the organic linkers in the MOF structure followed
by removal of the metal ions. The transformation of templates
consisting of well-defined three-dimensional nanoporous network
such as MOFs represents one of the most promising routes for creation of polymer networks with well-defined repeating units in the
network structure, i.e., “ideal network polymers” (Ishiwata et al.,
2013; Tsotsalas et al., 2014).
Figure 2B lists the commonly used acronyms for covalently
linked networks of paragraphs 1.1–1.3 and their properties.

MOLECULAR MODELING OF COVALENT NETWORKS
Covalent network chemistry is an area where experimentally and
computationally available information is quite complementary
and most studies contain some component of modeling. Typically,
comparison of the refined experimental and calculated PXRD patterns is used to assign the structure, particularly in the case of
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2D COFs, where it has not been possible to grow a single crystal
suitable for XRD. Structural calculations generally employ either
force field methods or Density Functional Tight Binding (DFTB),
both of which are capable of calculating periodic unit cells containing hundreds or even thousands of atoms relatively cheaply
and yield lattice parameters typically within a few percent of the
experimental parameters (Addicoat et al., 2014b; Guo et al., 2013).
Both force field and DFTB methods suffer from a limitation of
scope. Parameterized force fields can readily compute cells with
tens of thousands of atoms, but will generally produce poor results
if applied to systems that differ too strongly from those used in
the parameterization. DFTB can be used for systems containing
hundreds of atoms but is limited by the availability of parameters,
which are needed for every pair of atoms, X-Y, present in the system. Parameters for all combinations of H, C, N, O, S, and P are
readily available, facilitating DFTB calculations of a majority of
COFs, however, metal-doped or functionalized COFs often have
no appropriate parameters available.
Calculations are often able to provide more detail than is
available experimentally, in particular for the interlayer geometry
of 2D networks. The experimentally measured PXRD of 2D COFs
readily differentiate between eclipsed and staggered stacking (e.g.,
AA and AB stacking) but are unable to resolve the difference
between fully eclipsed and slightly offset stackings. Computational
studies on a variety of square and hexagonal 2D frameworks by
Lukose et al. (2011), Spitler et al. (2011), and Zhou et al. (2010)
all showed that slightly offset stackings were significantly lower in
energy than the fully eclipsed structures, with only small effects on
the PXRD pattern, and that this effect is primarily due to minimizing repulsive interactions between layers. Calculations are also
able to elucidate the effects of framework flexibility. A straightforward approach may simply calculate several different framework
structures, for example, rotating linkers. An elegant approach,
developed recently for MOFs but which applies also to covalent
frameworks, identifies the key flexible bonds and structural units
in the framework as analogous to hinges and trusses, thus yielding
an understanding of the mechanical flexibility of the framework
(Sarkisov et al., 2014).
Beyond simply the determination of structural information,
calculations are a means to access more detailed properties of the
material. Of particular interest for the eventual application of these
materials in gas storage and separation, are the surface area and
void volume. Calculating these parameters may be done by a number of methods, including Voronoi decomposition and Delaunay
tessellation. Both of these are geometric methods that work by partitioning the pore space into suitably small units. Another method,
is to computationally mimic the experimental measurement by
using a spherical probe, chosen as either an infinitely small point
or given the radius of either the He atom or N2 molecule, and
repeatedly inserting it into the structure at random locations. If the
probe does not overlap with any framework atoms, then it must be
in a void. Pore geometry, including the largest free sphere (which
defines the Pore Limiting Diameter), the largest included sphere
(which defines the Largest Cavity Diameter, i.e., the pore “size”),
and pore connectivity (whether pores are connected in one, two, or
three dimensions) can also be calculated similarly. Recording the
largest probe that can fit at a given point, without overlapping any
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framework atoms yields the PSD, which shows how much of the
void volume corresponds to particular pore sizes. The surface area
accessible to a probe of a given size may be computed by effectively
rolling the probe over the surface.
Moving beyond a static picture of a framework structure, calculations can also be used to describe and predict gas absorption
properties. Molecular Dynamics (MD) calculations can be used to
calculate the diffusion coefficients and transport properties of gas
molecules through a framework. Grand Canonical Monte Carlo
(CGMC) simulations yield enthalpies of absorption, absorption
isotherms, and where a mixture of gases is simulated, selectivities.
If the framework is quite rigid, the framework atoms may be fixed
at their original (simulated or crystallographic) positions, however, in flexible frameworks or when interpenetrated frameworks
may shift relative to each other, the motion of these atoms must
be included in the simulation. Due to the expense of simulating
large unit cells over a long time period, these calculations are usually based on classical mechanics, though several recent studies
use quantum mechanical calculations to parametrize force fields,
which are then used in the MD or GCMC simulations (Bureekaew
et al., 2013).
Quantum mechanical, most often Density Functional Theory
(DFT) calculations have had some use in directly investigating
various periodic covalent network structures (Srepusharawoot
et al., 2009). However, as mentioned above, this is prohibitively
expensive and many studies, particularly those investigating binding of small molecules within framework structures, employ a
co-called cluster model, whereby a section of the periodic structure is cut from the bulk. After saturating the excised bonds (e.g.,
with H atoms), the calculation may then proceed as a straightforward gas-phase calculation. Care must be taken that the size of
the model is appropriate in order to avoid spurious results arising
from interaction with the cut edges, and such studies may neglect
spatial and electronic effects from neighboring framework atoms
either through-bond or through-space. Despite these concerns,
this approach has been extraordinarily fruitful (Klontzas et al.,
2008; Assfour and Seifert, 2010; Choi et al., 2011).
The most significant recent development in the computational
study of framework materials is in the high-throughput computational prediction of new covalent network structures. Several software packages capable of generating arbitrary network structures
given a topology and the required building blocks were released
(Martin and Haranczyk, 2014; Addicoat et al., 2014a; GomezGualdron et al., 2014). In all cases, the topologies themselves are
sourced from the Reticular Chemistry Structure Resource (RCSR)
developed by O’Keeffe et al. (2008). For 3D covalent frameworks, the most common topologies are dia, ctn, bor, pto, and
tbo (Bureekaew and Schmid, 2013). 2D frameworks are typically
either hexagonal (layer symbol hca, hcb) or square planar (sql).
This new software is now being employed in predictive highthroughput computational studies, such as the work of Martin
et al. who generated an impressive 18,000 synthetically accessible covalent networks with diamond-like topology (RCSR symbol
dia) (Martin et al., 2014) and identified promising candidates
for methane storage. The predictive capability (pre-synthesis)
offered by such software is fundamental to the development of
frameworks with specific properties and represents a new way
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forward in the development of materials targeted to specific
applications.

ACKNOWLEDGMENTS
Matthew A. Addicoat gratefully acknowledges a Marie Curie
Actions (MC-IIF: GA-MOF, Grant Agreement 327758) fellowship. We acknowledge support by Deutsche Forschungsgemeinschaft and Open Access Publishing Fund of Karlsruhe Institute of
Technology.
REFERENCES
Addicoat, M. A., Coupry, D. E., and Heine, T. (2014a). AuToGraFS: automatic topological generator for framework structures. J. Phys. Chem. A 118, 9607–9614.
doi:10.1021/jp507643v
Addicoat, M. A., Vankova, N., Akter, I. F., and Heine, T. (2014b). Extension of the
universal force field to metal-organic frameworks. J. Chem. Theory Comput. 10,
880–891. doi:10.1021/ct400952t
Arab, P., Rabbani, K. G., Sekizkardes, A. K., Islamoglu, T., and El-Kaderi, H.
M. (2014). Copper(I)-catalyzed synthesis of nanoporous azo-linked polymers:
impact of textural properties on gas storage and selective carbon dioxide capture.
Chem. Mater. 26, 1385–1392. doi:10.1021/cm403161e
Assfour, B., and Seifert, G. (2010). Hydrogen adsorption sites and energies in 2D
and 3D covalent organic frameworks. Chem. Phys. Lett. 489, 86–91. doi:10.1016/
j.cplett.2010.02.046
Beaudoin, D., Maris, T., and Wuest, J. D. (2013). Constructing monocrystalline covalent organic networks by polymerization. Nat. Chem. 5, 830–834. doi:10.1038/
nchem.1730
Ben, T., Ren, H., Ma, S., Cao, D., Lan, J., Jing, X., et al. (2009). Targeted synthesis of
a porous aromatic framework with high stability and exceptionally high surface
area. Angew. Chem. Int. Ed. Engl. 50, 9457–9460. doi:10.1002/anie.200904637
Biswal, B. P., Chandra, S., Kandambeth, S., Lukose, B., Heine, T., and Banerjee, R.
(2013). Mechanochemical synthesis of chemically stable isoreticular covalent
organic frameworks. J. Am. Chem. Soc. 135, 5328–5331. doi:10.1021/ja4017842
Bureekaew, S., Amirjalayer, S., Tafipolsky, M., Spickermann, C., Roy, T. K., and
Schmid, R. (2013). MOF-FF – A flexible first-principles derived force field for
metal-organic frameworks. Phys. Status. Solidi B 250, 1128–1141. doi:10.1002/
pssb.201248460
Bureekaew, S., and Schmid, R. (2013). Hypothetical 3D-periodic covalent organic
frameworks: exploring the possibilities by a first principles derived force field.
CrystEngComm 15, 1551–1562. doi:10.1039/C2CE26473K
Chang, Z., Zhang, D.-A., Chen, Q., and Bu, X.-H. (2013). Microporous organic
polymers for gas storage and separation applications. Phys. Chem. Chem. Phys.
15, 5430–5442. doi:10.1039/c3cp50517k
Chen, L., Honsho, Y., Seki, S., and Jiang, D. (2010). Light-harvesting conjugated
microporous polymers: rapid and highly efficient flow of light energy with a
porous polyphenylene framework as antenna. J. Am. Chem. Soc. 132, 6742–6748.
doi:10.1021/ja100327h
Choi, Y. J., Choi, J. H., Choi, K. M., and Kang, J. K. (2011). Covalent organic frameworks for extremely high reversible CO2 uptake capacity: a theoretical approach.
J. Mater. Chem. 21, 1073–1078. doi:10.1039/C0JM02891F
Colón, Y. J., and Snurr, R. Q. (2014). High-throughput computational screening of
metal-organic frameworks. Chem. Soc. Rev. 43, 5735. doi:10.1039/c4cs00070f
Colson, J. W., and Dichtel, W. R. (2013). Rationally synthesized two-dimensional
polymers. Nat. Chem. 5, 453–465. doi:10.1038/NCHEM.1628
Côté, A. P., Benin, A. I., Ockwig, N. W., O’Keeffe, M., Matzger, A. J., and Yaghi, O.
M. (2005). Porous, crystalline, covalent organic frameworks. Science 310, 1166.
doi:10.1126/science.1120411
Dawson, R., Cooper, A. I., and Adams, D. J. (2012). Nanoporous organic polymer
networks. Progress Polym. Sci. 37, 530. doi:10.1016/j.progpolymsci.2011.09.002
Ding, S.-Y., and Wang,W. (2013). Covalent organic frameworks (COFs): from design
to applications. Chem. Soc. Rev. 42, 548–568. doi:10.1039/C2CS35072F
Dogru, M., and Bein, T. (2014). On the road towards electroactive covalent organic
frameworks. Chem. Commun. 50, 5531–5546. doi:10.1039/c3cc46767h
El-Kaderi, H. M., Hunt, J. R., Mendoza-Cortés, J. L., Côté,A. P., Taylor, R. E., O’Keeffe,
M., et al. (2007). Designed synthesis of 3D covalent organic frameworks. Science
316, 268–272. doi:10.1126/science.1139915

February 2015 | Volume 2 | Article 7 | 4

Addicoat and Tsotsalas

Farha, O. K., Spokoyny, A. M., Hauser, B. G., Bae, Y.-S., Brown, S. E., Snurr, R.
Q., et al. (2009). Synthesis, properties, and gas separation studies of a robust
diimide-based microporous organic polymer. Chem. Mater. 21, 3033–3035.
doi:10.1021/cm901280w
Feng, X., Ding, X., and Jiang, D. (2012). Covalent organic frameworks. Chem. Soc.
Rev. 41, 6010–6022. doi:10.1039/C2CS35157A
Gomez-Gualdron, D. A., Gutov, O. V., Krungleviciute, V., Borah, B., Mondloch, J.
E., Hupp, J. T., et al. (2014). Computational design of metal-organic frameworks
based on stable zirconium building units for storage and delivery of methane.
Chem. Mater. 26, 5632–5639. doi:10.1021/cm502304e
Guo, J., Xu, Y., Jin, S., Chen, L., Kaji, T., Honsho, Y., et al. (2013). Conjugated organic
framework with three-dimensionally ordered stable structure and delocalized π
clouds. Nat. Commun. 4, 2736. doi:10.1038/ncomms3736
Han, S. S., Mendoza-Cortés, J. L., and Goddard, W. A. III (2009). Recent advances
on simulation and theory of hydrogen storage in metal-organic frameworks
and covalent organic frameworks. Chem. Soc. Rev. 38, 1460–1476. doi:10.1039/
B802430H
Ishiwata, T., Furukawa, Y., Sugikawa, K., Kokado, K., and Sada, K. (2013). Transformation of metal-organic framework to polymer gel by cross-linking the
organic ligands preorganized in metal-organic framework. J. Am. Chem. Soc.
135, 5427–5432. doi:10.1021/ja3125614
Jiang, J.-X., Su, F., Trewin, A., Wood, C. D., Campbell, N. L., Niu, H., et al. (2007).
Conjugated microporous poly(aryleneethynylene) networks. Angew. Chem. Int.
Ed. 46, 8574–8578. doi:10.1002/anie.200701595
Kaur, P., Hupp, J. T., and Nguyen, S.-B. T. (2011). Porous organic polymers in catalysis: opportunities and challenges. ACS Catal. 1, 819–835. doi:10.1021/cs200131g
Kissel, P., Erni, R., Schweizer, W. B., Rossell, M. D., King, B. T., Bauer, T., et al. (2012).
A two-dimensional polymer prepared by organic synthesis. Nat. Chem. 4, 287.
doi:10.1038/nchem.1265
Klontzas, E., Tylianakis, E., and Froudakis, G. E. (2008). Hydrogen storage in 3D
covalent organic frameworks. a multiscale theoretical investigation. J. Phys.
Chem. C 112, 9095–9098. doi:10.1021/jp711326g
Kuhn, P., Antonietti, M., and Thomas, A. (2008). Porous, covalent triazine-based
frameworks prepared by ionothermal synthesis. Angew. Chem. Int. Ed. 47, 3450.
doi:10.1002/anie.200705710
Liebl, M. R., and Senker, J. (2013). Microporous functionalized triazine-based polyimides with high CO2 capture capacity. Chem. Mater. 25, 970–980. doi:10.1021/
cm4000894
Lindemann, P., Tsotsalas, M., Shishatskiy, S., Abetz,V., Krolla-Sidenstein, P., Azucena,
C., et al. (2014). Preparation of conjugated microporous polymer nanomembranes for gas separation. Chem. Mater. 26, 7189–7193. doi:10.1021/cm503924h
Lukose, B., Kuc, A., and Heine, T. (2011). The structure of layered covalent-organic
frameworks. Chemistry 17, 2388–2392. doi:10.1002/chem.201001290
Martin, R. L., and Haranczyk, M. (2014). Construction and characterization
of structure models of crystalline porous polymers. Cryst. Growth Des. 14,
2431–2440. doi:10.1021/cg500158c
Martin, R. L., Simon, C. M., Smit, B., and Haranczyk, M. (2014). In silico design
of porous polymer networks: high-throughput screening for methane storage
materials. J. Am. Chem. Soc. 136, 5006–5022. doi:10.1021/ja4123939
McKeown, N. B., and Budd, P. B. (2010). Exploitation of intrinsic microporosity in
polymer-based materials. Macromolecules 43, 5163. doi:10.1021/ma1006396

www.frontiersin.org

Covalently linked organic networks

O’Keeffe, M., Peskov, M. A., Ramsden, S. J., and Yaghi, O. M. (2008). The reticular
chemistry structure resource (RCSR) database of, and symbols for, crystal nets.
Acc. Chem. Res. 41, 1782–1789. doi:10.1021/ar800124u
Sarkisov, L., Martin, R. L., Haranczyk, M., and Smit, B. (2014). On the flexibility
of metal-organic frameworks. J. Am. Chem. Soc. 136, 2228–2231. doi:10.1021/
ja411673b
Spitler, E. L., Koo, B. T., Novotney, J. L., Colson, J. W., Uribe-Romo, F. J., Gutierrez, G. D., et al. (2011). A 2D covalent organic framework with 4.7-nm pores
and insight into its interlayer stacking. J. Am. Chem. Soc. 133, 19416–19421.
doi:10.1021/ja206242v
Srepusharawoot, P., Scheicher, R. H., Araújo, C. M., Blomqvist, A., Pinsook, U., and
Ahuja, R. (2009). Ab initio study of molecular hydrogen adsorption in covalent
organic framework-1. J. Phys. Chem. C 113, 8498–8504. doi:10.1021/jp809167b
Tsotsalas, M., Liu, J., Tettmann, B., Grosjean, S., Shahnas, A., Wang, Z., et al. (2014).
Fabrication of highly uniform gel coatings by the conversion of surface-anchored
metal-organic frameworks. J. Am. Chem. Soc. 136, 8–11. doi:10.1021/ja409205s
Tsyurupa, M. P., and Davankov, V. A. (2002). Hypercrosslinked polymers: basic principle of preparing the new class of polymeric materials. React. Funct. Polym. 53,
193–203. doi:10.1016/S1381-5148(02)00173-6
Uribe-Romo, F. J., Doonan, C. J., Furukawa, H., Oisaki, K., and Yaghi, O. M. (2011).
Crystalline covalent organic frameworks with hydrazone linkages. J. Am. Chem.
Soc. 133, 11478–11481. doi:10.1021/ja204728y
Uribe-Romo, F. J., Hunt, J. R., Furukawa, H., Klöck, C., O’Keeffe, M., and Yaghi, O.
M. (2009). A crystalline imine-linked 3-D porous covalent organic framework.
J. Am. Chem. Soc. 131, 4570–4571. doi:10.1021/ja8096256
Wan, S., Guo, J., Kim, J., Ihee, H., and Jiang, D. (2008). A belt-shaped, blue luminescent, and semiconducting covalent organic framework. Angew. Chem. Int. Ed.
47, 8826–8830. doi:10.1002/anie.200803826
Xiang, Z., and Cao, D. (2013). Porous covalent–organic materials: synthesis, clean
energy application and design. J. Mater. Chem. A 1, 2691. doi:10.1039/c2ta00063f
Zhou, Z., Wu, H., and Yildrim, T. (2010). Structural stability and elastic properties
of prototypical covalent organic frameworks. Chem. Phys. Lett. 499, 103–107.
doi:10.1016/j.cplett.2010.09.032

Conflict of Interest Statement: The authors declare that the research was conducted
in the absence of any commercial or financial relationships that could be construed
as a potential conflict of interest.
Received: 11 November 2014; accepted: 20 January 2015; published online: 04 February
2015.
Citation: Addicoat MA and Tsotsalas M (2015) Covalently linked organic networks.
Front. Mater. 2:7. doi: 10.3389/fmats.2015.00007
This article was submitted to Computational Materials Science, a section of the journal
Frontiers in Materials.
Copyright © 2015 Addicoat and Tsotsalas. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s)
or licensor are credited and that the original publication in this journal is cited, in
accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

February 2015 | Volume 2 | Article 7 | 5

