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Enhanced Structural Organization in Covalent Organic
Frameworks Through Fluorination

Sampath B. Alahakoon, Gregory T. McCandless, Arosha A. K. Karunathilake, Chris Thompson
and Ronald A. Smaldone*
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Though several solvent systems were tested, a mixture of o-
dichlorobenzene(DCB)/n-butanol/6M  aqueous acetic acid
(1.9/0.1/0.1 by vol.) was found to be optimal.

To help determine the 2-D structure of each COF, powder X-ray
diffraction (PXRD) measurements were performed. TF-COF 1
exhibited diffraction peaks at 3.67, 6.09, 9.28, 12.80 and 24.83°.
TF-COF 2 exhibited diffraction peaks at 3.71, 6.19, 9.43, 12.41
and 23.70°. The peaks of both the COFs were assigned to the
(100), (110), (120), (130), and (001) reflections, respectively.
The only peaks clearly observed for NF-COF appeared at 3.67
and 6.09, indicating a lower level of crystalline order (Figure 2a).
Computational models of each COF were created using
Materials Studio in both staggered and eclipsed arrangements.
The calculated PXRD patterns of the eclipsed TF-COFs (Figure
2b,c) match well with the experimental pattern. Significant
enhancement in the resolution of the diffraction peaks was
observed with both TF-COFs compared to NF-COF.
Interestingly, the (001) reflection, attributed to the interlayer
spacing between COF sheets, is much more prominent for both
the TF-COFs than for NF-COF, indicating a higher degree of
long range order. SEM images of each COF are shown in Figure
2d-f. Notably, the fluorinated COFs display crystallite
morphology as opposed to the smooth, spherical agglomerates
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Figure 3. (A), (C) and (E) N adsorption (solid circles) and
(B), (D) and (F) PSD plots of 1d R, 1 d 120 °C and 3 d 120,
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carbonyl (1690 cm™) and the appearance of the azine (1622 cm’
"y stretches (Figure S2). These spectra reflect that the formation
of the azine linkages form rapidly and are the major product
(compared to the starting aldehydes) within 1d at 120 °C for all
three COFs. In addition to this, the mass balances of each
polymerization were recorded (Figure 3h) and it was found that
more than 70% of the expected yield was recovered for each
reaction regardless of the time or temperature. Longer reaction
times at high temperatures resulted in somewhat higher yields
(TF-COF 2 was ~90% for example), but overall the indication is
that, consistent with previous work,""°? a kinetic product appears
to form first, followed by slow reorganization into a crystalline
product with well-defined 2-D structure in the cases of TF-COFs
1-2.  This work is novel in that, rather than modifying the
reaction conditions, we have changed the chemical structure of
the monomers. In other words, the electronic structure of the
monomers can also favorably drive the conversion of the
polymeric material from the non-crystalline kinetic product, to the
thermodynamically favorable crystaline COF product. The
presence of electron withdrawing fluorine substituents could
serve to make the azine linkages more reactive and avoid the
formation of kinetic traps. The fluorine atoms also could cause
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polarization in the aromatic rings which would lead to stronger Addicoat, S. Jin, T. Sakurai, J. Gao, H. Xu, S. Irle, S. Seki, D. Jiang,
cofacial interactions."”™ This effect should be especially Nat. Commun. 2015, 6, 7786.
pronounced in the case of TF-COF 2 as all three of the fluorine ~ [4] L. Stegbauer, K. Schwinghammer
atoms are on the same ring, and indeed, TF-COF 2 has highest 2789-2793. o
. . . [6d] [5] P. Kuhn, M. Antonietti, A. Thomas, Ang
surface area observed in this study. A previous report™ on a 3450.3453; Angew. Chem. 2008, 120, 34
related series of azine-linked COFs showed that crystallinity and (6] a)S. Dalapati, S. Jin, J. Gap, Y. Xu, A. D T
surface area were improved by planarizing the monomers. In Soc. 2013, 135, 17310-17 ) f Feng, Y. Zou, Y. Zhang, H.

this case, we do not observe a correlation between torsion angle Xia, X. Liu, Y. Mu, Chem. Col 4, 50, 13825-13828; ¢) Z. Li, Y.

\/. Lotsch, Chem. Sci. 2014, 5,

. Int. Ed. 2008, 47,

and surface area, and in fact, the highest surface area materials Zhi, X. Feng, X. Ding, Y. . Chem. Eur. J. 2015, 21,
(TF-COF 2) has the largest torsion angle (Figure S20). We 12079-12084; d) V, . auer, G. Savasci, F.
believe that these observations show that COF polymerization Podjaski, C. Och -V at. Colmun. 2015, 6, 8508; e)

S. B. Alahakoo . M. Thompson, Nguyen, G. Occhialini, G. T.

and crystallization can be controlled effectively through the
careful design of both the steric and electronic structure of the
monomers.

In conclusion, we have synthesized two novel fluorinated COFs
that have significantly improved physical properties compared  [g] . Diaz Diaz, R. Banerjee, Chem.
with an isostructural non-fluorinated variant. This work Commun. 201 3169-3172; b) H. Xu, J. Gao, D. Jiang, Nat. Chem.
demonstrates that modifications to the electronic structure of Lin, C. S. Diercks, Y.-B. Zhang, N. Kornienko, E
COF monomers can result in an immense improvement in the - Paris, D. Kim, P. Yang, O. M. Yaghi, C. J.
structural properties of the COFs. We believe that these design
principles can be applied to other types of COFs and future work
will be directed towards further elucidating these principles.
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