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Introduction

Cobalt phthalocyanine (CoPc; Figure 1) has been
explored for its application in various research
relating to catalysis,! solar cells,? efficient laser
dyes, electronic and optoelectronics devices.3

* Our work explores how electron spin influences
the electronic and optical behaviour of CoPc,
providing crucial understanding for its use in
energy applications.

This work is linked to United Nations
Sustainable Development Goal 7 (Affordable
and Clean Energy).

Figure 1: Structure of CoPc
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Computational Methodology

* Various CoPc spin multiplicities (doublet,
quartet, sextet) were studied using B3LYP and
CAM-B3LYP with 6-311G(d).

* Electronic properties [orbital energies, ionization

potential (IP), electron affinity (EA),
electronegativity (x) and chemical hardness (n)]
were computed from the energies of the

neutral, cationic and anionic molecules (Table 1).
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Table 1: Electronic properties for various spin states using
B3LYP/6-311G(d)

* TD-DFT was used to study the optical properties.

* |P and EA were calculated from the ground state
energy of the neutral, cationic and anionic
molecules using the equations below:

IP = Ecqtion — Eneutral

EA = Eneutrar — Eanion
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Results

* rCo-N is similar for all spin states and longer
than the experimental value (Table 2).
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Table 2: Parameters calculated at B3LYP/6-311G(d)

* The MOs of CoPc were analysed by visualizing
the HOMO and LUMO orbitals (Figure 2).

* The HOMO is centred on N atoms adjacent to
the aromatic macrocycle; the LUMO is
delocalized across Co and the Pc ligand.
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Figure 2: HOMO and LUMO orbitals for CoPc calculated
using B3LYP/6-311G(d)
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Optical Spectra

* Two energy bands were observed: the Soret (B)
band ~380-415 nm and Q band ~530-630 nm.

* Q band position is greatly affected by spin state.

Figure 3: Absorption spectra of CoPc (CAM-B3LYP/6-311G(d)

Conclusions

* The peak width / position in optical spectra of
CoPc is affected by the magnetic interactions
among unpaired electrons. This is important for
optoelectronics applications.

* Of the investigated spin states, the doublet
shows the best combination of IP, EA, x, n and
shift in peak positions.

References

(1) Lozada, W. A. V; Diaz-Uribe, C.; Quifiones, C.; Lerma, M.; Fajardo, C.;
Navarro, K. Phthalocyanines and Some Current Applications 2017, 223

(2) Martin-Gomis, L.; Fernandez-Lazaro, F.; Sastre-Santos, A. J. Mater. Chem. A
2014, 2, 15672-15682

(3) Aliabad, H. A. R.; Bashi, M. J. Mater. Sci.: Mater. Electron. 2019, 30, 18720~
18728

(4) Janczak, J.; Kubiak, R. Inorg. Chim. Acta 2003, 342, 64-76.



