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Figure 1 (Color online) Illustration of the chemical structures for Por-COF (a), Pc-PBBA (b) and Por-Pc-COF (c)
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Figure 2 (Color online) Optimized configurations of isolated Por and Pc molecules (a, c), as well as periodic Por-COF and Pc-PBBA frameworks
(b, d) (white, gray, blue and red color spheres represent H, C, N and O, respectively). NICS (X) values (in ppm) are calculated at a point X A above the
molecular plane using coordinates of a nonweighted ghost atom, taking into account the contribution of out-of-plane molecular orbitals
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Figure 3 (Color online) The projected density of states (PDOS) of Por-Pc fragment (a), Por-COF (b), Pc-PBBA (c), and Por-Pc-COF (d) networks
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Figure 4 (Color online) The frontier orbital energy levels and their distributions of the Por, Pc and Por-Pc molecules, as well as their periodic
frameworks, obtained at the DFT-D3 level. The isosurface is 0.00002 e/A
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Table 1 The frontier orbital energy levels, energy gap, IP and EA of the isolated Por, Pc and Por-Pc molecules, as well as the frontier orbital energy

levels relative to the vacuum level at 0 eV, energy gap and WF of their periodic frameworks

Enomovem(eV) Erumorcem(eV) Ey(eV) IP(eV) EA(eV) WEF(eV)
Por —4.83(=4.52) —3.03(=3.19) 1.80(1.33) 5.99 —1.40 4.73(4.44)
Pc —4.95(—4.69) ~3.61(=3.75) 1.34(0.94) 6.10 —1.99 4.85(4.67)
Por-Pc —4.87(—4.68) —3.56(3.71) 1.31(0.97) 5.79 —2.13 4.79(4.41)
Por-COF —5.01(—4.83) —3.27(—3.40) 1.74(1.43) 4.91(4.73)
Pc-PBBA —5.04(—4.95) —3.73(~3.83) 1.33(1.12) 4.94(4.85)
Por-Pc-COF —5.02(—4.92) —3.71(-3.83) 1.31(1.09) 4.92(4.78)
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Figure 5 (Color online) Diagram of COFs charge distribution and coordination ability analysis. (a) Hirshfeld population plots for Por-Pc-COF.
(b) Sketch of a simple electrostatic model showing how the dipole field arising from the oriented B—O bonds leads to an energy offset between Pc and

Por cores. The crystal structures of (c¢) Por-COF and (d) Pc-PBBA
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Electronic structure of porphyrin/phthalocyanine-based COF's

Zihan Wang, Weigiang Wei, Ya Xu, Chengjun Wang, Huifang Li", Yan He" & Lisheng Zhang"

Shandong Engineering Laboratory for Preparation and Application of High-performance Carbon-Materials, College of Electromechanical
Engineering, Qingdao University of Science & Technology, Qingdao 266061, China
* Corresponding authors, E-mail: huifang0801@gmail.com; heyan@qust.edu.cn; lisheng.zhang@qust.edu.cn

Two-dimensional (2D) covalent organic frameworks (COFs) represent a rapidly advancing class of porous materials. These
meticulously engineered structures feature a periodically ordered arrangement of organic building units-cores and linkers-
interconnected by robust covalent bonds (e.g., C—C, C—N, C—0, B—O0). Their precisely designed architectures, tunable
functional properties, and inherent thermal stability position them as highly promising candidates for diverse applications,
including photovoltaics and catalysis.

Among the widely utilized organic building blocks for COF construction are porphyrin (Por) and phthalocyanine (Pc)
macrocycles. These n-conjugated tetrapyrrole systems boast exceptional electronic and photophysical properties, making
them ideal host materials for anchoring reactive metal ions. Significant strides have been made in the synthesis and
practical applications of Por- and Pc-based COFs since their initial reports in 2011 and 2010, respectively. These
advancements often involve strategically placing these macrocycle rings at the central nodes of the tetragonal mesoporous
skeleton.

To comprehensively understand the electronic properties of Por- and Pc-based COFs and elucidate their distinctions, we
conducted an in-depth investigation of their electronic structures utilizing density-functional theory (DFT) calculations.
Our findings reveal that the structural evolution from isolated building units to extended periodic frameworks dramatically
enhances the electronic conjugation across the entire network. This effect is particularly pronounced in Pc-based COFs,
leading to increased system stability and a corresponding alteration in electronic properties.

Compared to Por-based COFs, which exhibit weaker conjugation, Pc-based COFs possess a lower energy gap. This
facilitates easier electron transitions from the valence band to the conduction band, resulting in higher electron mobility in
specific directions. Nevertheless, the electronic properties of these periodic framework structures remain predominantly
governed by their constituent building blocks. Our calculations indicate that the energy levels of both the highest occupied
molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) for an isolated Por molecule are higher
than those for an isolated Pc molecule. This implies that Por molecules are more prone to losing electrons, while Pc
molecules are more likely to gain them. This observation is further corroborated by our calculated ionization potential (IP)
and electron affinity (EA) values, which show that Por exhibits a lower IP and higher EA compared to Pc. Consequently,
the energy levels of both the valence band maximum (VBM) and the conduction band minimum (CBM) for Por-COFs are
higher than those for Pc-PBBA COFs.

Based on these insights, we predict that Por-based COFs will exhibit superior electron-donating characteristics, whereas
Pc-based COFs will demonstrate significantly enhanced electron-withdrawing capabilities.

Furthermore, we examined the coordination ability of Por and Pc macrocycle rings for anchoring reactive metal ions, a
critical factor influencing the stability and catalytic activity of metal centers. Due to its smaller p-n conjugation, the four
nitrogen atoms within the central Por ring exhibit greater electronegativity compared to those in the conjugated central Pc
ring. Our computational results thus demonstrate that Por-based COFs possess a considerably stronger coordination ability
than Pc-based COFs, positioning them as superior host materials for anchoring reactive atoms.

two-dimensional covalent organic frameworks, porphyrin, phthalocyanine, electronic structure, density functional
theory
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