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ABSTRACT: Nine metal-organic frameworks have been prepared with the hexagon-shaped linker 1!,2!,3!,4!,5!,6!-hexakis(4-
carboxyphenyl)benzene (H6cpb) by solvothermal reactions in dimethylformamide (dmf) or dimethylacetamide (dmac) with acetic 
acid or formic acid as modulators: [Bi2(cpb)(acetato)2(dmf)2]á2dmf CTH-6 forms a rtl-net; 2(H2NMe2)[Cu2(cpb)] CTH-7 forms a 
kgd-net; [Fe4(cpb)(acetato)2(dmf)4] CTH-8 and [Co4(cpb)(acetato)2(dmf)4] CTH-9 are isostructural and form yav-nets; 
2(HNEt3)[Fe2(cpb)] CTH-10 and the two polymorphs of 2(H2NMe2)[Zn2(cpb)]!"#$dmac, Zn-MOF-888 and CTH-11 show kgd-
nets; [Cu2(cpb)(acetato)2(dmf)2]á2dmf, CTH-12 forms a mixed coordination and hydrogen bonded sql-net, and 
2(H2NMe2)[Zn2(cpb)] CTH-13 a similarly mixed yav-net. Surface area values (BrunauerÐEmmettÐTeller, BET) range from 34 m2g-

1 for CTH-12 to 303 m2g-1 for CTH-9 for samples activated at 120 ¡C in dynamic vacuum. All compounds show normal (ten-fold 
higher) molar CO2 versus N2 uptake at 298 K, except the 19-fold CO2 uptake for CTH-12 containing Cu(II) dinuclear paddle-
wheels. We also show how perfect hexagons and triangles can combine to a new 3D topology laf, a model of which gave us the 
idea of foldable network topologies, as the laf-net can fold into a 2D form while retaining the local geometry around each vertex. 
Other foldable nets identified are cds, cds-a, ths, sqc163, clh, 4,6T84, and tfc covering the basic polygons and their combinations. 
The impact of this concept on ÒbreathingÓ MOFs is discussed. The materials after I2 sorption, both from gas phase and from MeOH 
solution, into CTH-7 was studied by Time of Flight - Secondary Ion Mass Spectrometry (ToF-SIMS) on dried crystals. I2 was 
shown to have penetrated the crystals as layers were consecutively peeled off by the ion beam. We suggest ToF-SIMS to be a 
method for studying sorption depth profiles of MOFs.

1. INTRODUCTION 

Reticular chemistry is not a subdiscipline dealing with par-
ticular types of materials, it is a way of thinking of net-
forming building blocks and the networks they form in the 
solid state.1-2 The results of reticular chemistry are thus used 
to design metal-organic frameworks3 (MOFs), zeolites or 
covalent-organic frameworks (COFs),4 but also to under-
stand, and communicate, any network forming chemical 
system through network topology analysis5. Such materials 
may in addition be allotropes of the elements, polymorphs of 
ice, Zintl phases, and supramolecular systems.4 Here we 
report a significant extension in hexagon based reticular 
chemistry, both theoretically and experimentally, using nine 
new MOFs (Figure 1).  

These analyses are important as reticular chemistry not on-
ly provides blueprints for these framework-type materials 
but also systematize them, meaning we can incorporate 
results in a broader scientific context. For example, poly-

morphs of ice and allotropes of the group 14 elements are 
seldom discussed together but share both the basic tetrahe-
dral building unit and the resulting network topologies.6 A 
more formal approach to these systems also allows for the 
use of AI and Machine Learning in the discovery and analy-
sis of network forming materials.7-8 

Network topologies may also be directly related to physi-
cal properties, such as mechanical anisotropy, giving, for 
example, large negative thermal expansion behavior.9-10 We 
here introduce foldable network topology, a concept that will 
increase the usefulness of reticular chemistry in the design of 
physical properties of materials. 
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Finally, we have made the first attempt to obtain depth 
profiles of guest compounds sorbed into MOFs by Time of 
Flight Secondary Ion Mass Spectrometry, showing penetra-
tion of iodine (I2) into CTH-7 both from solution and from 
the gas phase. 

 

EXPERIMENTAL SECTION 

Materials and General Procedures 

All chemicals utilized for MOF synthesis (details in the 
Supporting Information) were purchased from Sigma-
Aldrich and were used without further purification. All MOF 
preparations have been performed repeatedly and yields are 
in general high, close to quantitative with respect to the 
metal ion except for CTH-6 where the insolubility of H6cpb 
in solvents known to give high yield Bi-MOFs prevented 
optimal conditions. No independent analysis was performed 
to confirm the presence of protonated dimethylamine as the 
solvent dimethylformamide (dmf) is easily hydrolyzed to 
dimethylamine and formic acid. These impurities are always 
present in dmf unless it is freshly purified and dry. The hy-
drolysis is particularly efficient under basic conditions but 
can also occur under acidic conditions, especially if cata-
lyzed by metal ions or other Lewis acids.48  To-date proto-
nated dimethyl amine has been detected in over 600 MOF 
structures in the Cambridge Crystallographic Database49. All 
studied MOF single-crystals were washed and immersed in 
dmf before conducting single X-ray diffraction analysis to 
remove any unreacted H6cpb.  

Computational tools. CrystalMaker was used for all 
structure drawings, and porosity and cavity calculations. For 
the two latter calculations, van der Waals radii were used. 
CrystalMaker calculates empty volumes as the residual vol-
ume after atomic volumes have been subtracted from the 
total volume. For the size of cavities, CrystalMaker scans 
through the structure, aiming to find the largest sphere that 
can fit into any cavity using multiple iterations.50 Systre was 
used for topology analysis.17 The new laf-net was discovered 
by real-life model-building using an Orbit organic and inor-
ganic chemistry model set. A model with several repeating 
units was constructed and the unit cell, space group, and 
coordinates of the asymmetric unit were determined. Subse-
quently, these data were fed into the Systre program and the 
most symmetric embedding of the net determined. Systre 
input and output files are found in the supporting material. 
ToposPro and the TopCryst.com search routine were used to 
find examples of the laf-net.26
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