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Reticular chemistry is concerned with linking molecular building ﬁﬁx

blocks into predetermined periodic structures using strong bbnds. HO.g-OH oH

This chemistry has led to the design and synthesis of new porousé&: "ﬁ{“ﬁu? HO. ,[b\ OH "

materials for which the composition, structure, metrics, and w B o Fo

functionality can be systematically variédThe general nature of % BTBA Ho on

this approach is epitomized by the recent reports of covalent organic M*’GJ OH

frameworks (COFs) in which the building blocks are linked by ol - HHTP

strong covalent bonds (6C, C—0O, B—0)45 The successful COF-6 1;_‘::." Shin s

crystallization of COFs indicates that it is possible to overcome o % HOgn

the long standing “crystallization problem” for covalently linked i " T

solids. This is accomplished by striking a balance between the ",&R"'-*Q&F{..*‘Qf

kinetic and thermodynamic factors that play in reversible covalent 3. }‘s. . o I ). on

bond formation, a necessary criterion to crystallize extended &&Q A g:-;‘,}*?}) ¥ T

structures. Here, we show the general utility and applicability of N BTPA

reticular chemistry to the systematic design of composition, ?‘ it

structure, and porosity of three new layered COFs having pore sizes , 6*‘1}{&3 o Q‘:‘

ranging 9-32 A. % L) Ty
Co-condensation reactions between 2,3,6,7,10,11-hexa- o COF-8 qj’% w

hydroxytriphenylene (HHTP) and 1,3,5-benzenetriboronic acid % vt’ *%'

(BTBA), 1,3,5-benzenetris(4-phenylboronic acid) (BTPA), and-4,4 P ‘“" %

biphenyldiboronic acid (BPDA) produced COF-6, -8, and -10, £,0,8 fing ,m‘ _‘%‘u& \,‘ﬁ, |

respectively, with chemical formulas 08B0, (COF-6), G4H+ trigonal HHTP HO-g OH = TNgEREeT N

BO, (COF-8), and GH3;BO (COF-10). Upon condensation,@;B boronate ester

boronate esters were expected to form, thereby linking HHTP with

BTBA (COF-6), BTPA (COF-8), and BPDA (COF-10) (Figure 1).

Reactions were carried out in glass vials using 1:1 v/v solutions of HO™"OH
mesitylene dioxane and heating at®for 48—120 h. Yields were
65—76% based on HHTP Spectroscopic analyses similar to that
performed on the first COES8 (FT-IR, 1B and13C MAS NMR)

of the microcrystalline powders confirmed the formation e©¢B

rings and elemental microanalysis matched the expected COF ?—19—2:0—3'2'0
compositions (see Supporting Information). COF-10

Linking trigonal-planar building blocks in the manner described  Figure 1. Co-condensation of boronic acid building blocks (BTBA, BTPA,
above was expected to give planar hexagonal sheets, which uporBPDA) with HHTP to give 2D COFs (COF-6, -8, and -10) having
crystallization can stack within two possibilities: graphitga| systematically designed porous structures. COF illustrations are to scale.
P6s/mmq@ where layers are “slipped” or boron nitridéorn(n, Coloring scheme: C, gray; H, white, B, orange, O, red.

P6mmn) were layers are “eclipsed"Given these design param- COFs-6, -8, and -10 crystallize as 8:3.0m hexagonal platelets
eters, we modeled the possible crystal structures that could form(SEM), and small crystallites contribute significantly to the line
between HHTP and boronic acid building blocks (Figure® 1). broadening in PXRD patterns. The presence of (001) peaks indicates
Simulated powder X-ray (Cu ¢ diffraction patterns (PXRD) were  that 2D COFs are periodic in all three dimensions. The distance
calculated from the models and compared to those collected from between layers directly relates dgo; and is consistently 3-43.6
reaction products (Figure 2). In all cases, COFs crystallized as A, indicating closer—s stacking between layers. This is likely
eclipsed structures with hexagonally aligned 1D pores as identified assisted by distal dative interactions between boron and oxygen
by the near-perfect correspondence between peak positions andone pairs of GO,B groups on adjacent layers. The greater breadth
intensities between calculated and experimental PXRD patternsof dyo; peaks point to stacking faults between lay¥rs.

(Figure 2). Numerical fitting of PXRD patterns using the model- Thermogravimetric analysis of COFs-6, -8, -10 shows that they
biased Le Bail method rigorously authenticated the unit cell are stable up to 450C. They are insoluble in common organic
parameters and atomic positions of models (Figurg\&e note solvents such as alkanes, alcohols, acetoneNexdlimethylform-

that our procedure of design and structural characterization canamide. Crystalline COFs have a gray color arising from starting
easily be applied to any material constructed from rigid molecular materials, including highly colored oxidized HHTP, that are
building blocks. included within the pores. Soaking crystals in acetone for 28
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Figure 2. Indexed experimental (black) and predicted (green) PXRD
patterns for 2D COFs with Le Bail fitting (red) and associated difference

plot (blue; observed-fitted) indicated.
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Figure 3. Reversible gas adsorption (filled shapes) and desorption (open
shapes) isotherms for COFs-6 (red), -8 (green), and -10 (blue).

-103, 12 A)5 All isotherms display a small hysteresis betw&#R,
= 0.45-0.90, which can be ascribed to interparticle adsorption
commonly encountered for particles with plate morphologfes.
Low-density and high-porosity materials are promising candidates
for gas storage applications. Carb8nand polymers of intrinsic
microporosity (PIMs)® are studied in this regard. The COFs
reported here are composed of light elements (B, C, O, H) that are
linked by strong covalent bonds to form ordered porous materials
with homogeneous pores and high surface areas. In addition, COFs
can be reproducibly made using simple and high-yielding syntheses.
In general, it remains a challenge in solid-state chemistry to
systematically and predictably vary the metrics and composition
of materials. Prior to metal-organic frameworks, and now COFs,
only structure-directing agents (SDAs) employed for crystallization
of mesoporous silica (e.g., MCM-41) achieved precise metrical
control of structuré’
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Supporting Information Available: Detailed synthetic procedures
for COFs, modeling techniques and atomic coordinates, FT-IR and MAS
NMR spectra, SEM images, TGA traces, atomic coordinates, and PXRD
patterns compared to those frdimn andgra models. This material is
available free of charge via the Internet at http://pubs.acs.org.
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