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The use of Gaussian 09 to identify trends in the
optical properties and electronic structures of

porphyrin and BODIPY dyes
The use of the Gaussian 09 software package on the Lengau cluster to carry out DFT and TD-DFT calculations
to identify structure-property relationships in the properties of porphyrin [1] and BODIPY [2] dyes will be
described. An analysis of the DFT and TD-DFT calculations for these dyes can provide an insight into their
electronic structures and hence guide the rational design of novel dyes for applications such as photodynamic
therapy [3,4] and optical limiting [5-7].

References
[1] J. Mack, “Expanded, Contracted, and Isomeric Porphyrins: Theoretical Aspects”, Chem. Rev. 2017, 117,
3444-3478.
[2] H. Lu, J. Mack, Y. Yang and Z. Shen, “Structural modification strategies for the rational design of Red/NIR
region BODIPYs”, Chem. Soc. Rev. 2014, 43, 4778-4823.
[3] B. Babu, E. Amuhaya, D. Oluwole, E. Prinsloo, J. Mack and T. Nyokong, “Preparation of NIR absorbing
axial substituted tin(IV) porphyrins and their photocytotoxic properties”, submitted to MedChemComm for
publication in 2018.
[4] R. C. Soy, B. Babu, D. O. Oluwole, N. Nwaji, E. Prinsloo, J. Mack and T. Nyokong, “Photophysicochemical
properties and photodynamic therapy activity of chloroindium(III) porphyrins and gold nanoparticles conju-
gate”, to be submitted for publication in the J. Porphyrins Phthalocyanines in 2018.
[5] A. K. May, J. Stone, B. P. Ngoy, J. Mack, T. Nyokong, M. Kimura and N. Kobayashi, “Photophysical and
optical properties properties of a novel distyryl-BODIPY with fused crown ether moieties”, J. Porphyrins Ph-
thalocyanines 2017, 21, 832-843.
[6] G. Kubheka, K. Sanusi, J. Mack and T. Nyokong, “Optical limiting properties of 3,5-dipyrenylvinyleneBODIPY
dyes at 532 nm”, Spectrochim. Acta A 2018, 191, 357-364.
[7] B. P. Ngoy, Z. Hlatshwayo, N. Nwaji, G. Fomo, J. Mack and T. Nyokong, “Photophysical and optical limit-
ing properties at 532 nm of BODIPY dyes with p-benzyloxystyryl groups at the 3,5-positions”, J. Porphyrins
Phthalocyanines 2018, 22, 413-422.

Presenter Biography
Dr. John Mack graduated from Aberdeen University in Scotland in 1988 and carried out his PhD studies
at the University of Western Ontario in Canada under the supervision of Prof. Martin Stillman. The use of
Fortran software to collect and analyze the optical and redox data of phthalocyanine dyes formed an important
part of this research. Later, during postdoctoral research with Prof. Martin Stillman in Canada and as an
assistant professor in the laboratory of Prof. Nagao Kobayashi at Tohoku University in Sendai, Japan, Dr.
Mack studied how trends in the theoretical calculations of porphyrin and phthalocyanine dyes can be used to
guide their rational synthesis. Since 2012, Dr. Mack has beeing working as a Senior Researcher at the Centre
for Nanotechnology Innovation at Rhodes University and has been using this approach to identify porphyrin
and BODIPY dyes that are suitable for nanotechnology applications.

Primary author: Dr MACK, John (Rhodes University)



Co-authors: Dr BABU, Balaji (Rhodes University); Ms SOY, Rodah (Rhodes University); Mr OYIM, James
(USIU-Africa); Prof. AMUHAYA, Edith (USIU-Africa); Prof. NYOKONG, Tebello (Rhodes University)

Presenter: Dr MACK, John (Rhodes University)

Session Classification: Chemistry and Material Science SIG Seminar

Track Classification: Chemistry and Material Science SIG Seminar


