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Abstract. Density functional theory (DFT) has been used to study the electronic and 

optical properties of selected Croconate dye molecules (CR2-I and CR3-Br). The 

generalized gradient approximation (GGA) was used in the scheme of Perdew-Burke 

Ernzerhof to describe the exchange-correlation function as implemented in the CASTEP 

package in material studio of BIOVIA. The calculations are based on the determinations 

of Absorption spectrum, UV-Vis spectrum, Light Harvesting Efficiency and HOMO-

LUMO gap of the dye molecules. The calculated HOMO-LUMO gap was found to be 2.08 

eV and 1.09 eV for CR2-I and CR3-Br respectively, the highest percentage of light 

harvesting efficiency was found to be 97 % for CR2-I and 98 % for CR3-Br. The results 

obtained shows that CR2-I and CR3-Br dye molecules can improve the efficiency of 

DSSCs as they shows absorption shift to the near infrared, which increase the absorption 

range from the visible on the solar spectrum. 

1. Introduction

Solar energy is the perfect key to sustainable development for future energy requirements. Solar cells are 

promising devices to generate clean energy. Dye sensitive solar cells (DSSCs) consist of a photo electrode 

which combines semiconductor material (TiO2) and sensitized dye molecule [1]. The dye molecule is a 

sensitizer material that absorbs photons from the sun, excites an electron into semiconductor, while the 

electrolyte regenerate the excited dye to complete the electron transport [2-3]. It’s role requires well 

matched energy level to facilitate efficient electron injection and dye regeneration, strong physical 

anchoring to photoanode, sufficient absorption of solar light, and stable operation for a long period [1-3]. 

Corneliu et al [4] investigated various single and double deprotonated forms of the dye bound to a TiO2 

cluster, taking advantage of the presence of the carboxyl (–CO2H), hydroxyl (–OH), and sulfonic (–SO3H) 

groups as possible anchors. They reported that anchoring modes of the dye onto the TiO2 surface are of 

crucial importance to the DSSCs performance through the bonding type and the extent of electronic 

coupling between the dye excited state and the conduction band edge of the semiconductor [4]. As most of 

the theoretical studies so far have been focused on the sensitizers with the carboxyl groups as anchors, with 

advantage of the opportunity offered by the protonated form of the Mordant Yellow 10 dye, which has –

OH, –CO2H and –SO3H groups. These theoretical studies are based on understanding various anchors, 

binding configurations as well as propensities for electron transfer [4]. On the same work Corneliu et al [4] 

reported the results of density functional theory (DFT) and time-dependent DFT (TD-DFT) studies of 

several coumarin-based dyes, as well as complex systems consisting of the dye bound to a TiO2 cluster. 

They provide the electronic structure and simulated UV-Vis spectra of the dyes and discussed the properties 

of the adsorbed dye molecule on the TiO2 surface, which matches with the solar spectrum. Their results 

were compared with the experimental data available and discuss the key issues that influence the device 

performance like absorption spectra, the energy level alignment between the dye, the oxide and the 

electrolyte, and the adsorption of the dye to the substrate. In the current study we focuses on the 

understanding of different properties (electronic and optical properties) of selected Croconate dye 

molecules shown in figure 1 (CR2-I and CR3-Br) using the density functional theory (DFT). 
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 (c) 

Figure 1: Structures of the Croconate Dyes molecules CR2-I and CR3-Br (a) and (b) from Ref [5], and (c) 

optimised geometry structure built using a Material Studio package and the colours used in this work (red 

is Oxygen, grey is Carbon, white is Hydrogen, blue is Nitrogen and brown is Iodine for CR 2- I and Bromine 

for CR 3-Br). 

Figure 1 shows the structures of Croconate dye molecules investigated in this study, CR 2-I and CR 3-Br 

with halide functional group and containing the oxyallyl subgroup in the parent structure. CR 2- I and CR 

3-Br exhibit strong absorption in the infrared, and possess donor–acceptor–donor type structure. These dye

molecules can be synthesized easily and give rise to DSSCs that are flexible and interact strongly with light

2. Computational method

The structures of the selected Croconate dye molecules were built using a Material Studio package. The 

dye molecules structure was cleaned so that the atoms are reoriented in their lattice positions. Geometrical 

optimization and calculation of optical absorption of the dye molecules were performed by the CASTEP 

code in Material Studio package using density functional theory (DFT), which uses a plane-wave 

pseudopotential method of generalized gradient approximation (GGA) in the scheme of Perdew-Bruke-

Ernzerhof (PBE) to describe the exchange-correlation functional using the coarse quality and all 

band/EDFT as electronic minimizer [6]. The ground state structures obtained through geometrical 

optimization structures were imported into a new 3D atomistic window and the calculation of electronic 

properties and UV-Vis of the dye molecule were performed using the VAMP module within the Material 

Studio package [7]. 

3. Results and discussion

3.1. Excitation and absorption spectrum of the Dyes

The UV-Vis spectrum of the two dye molecules used in this study shows that these molecules can absorb 

more photons at visible spectrum to the near infrared region of solar spectrum with a stronger peak at 610 

nm with oscillator strength (Absorbance) of 1.78 for CR3-Bromine and a stronger peak at 635nm with 

oscillator strength (Absorbance) of 1.51 for CR2-Iodine. There are some weak absorption peaks near the 

infrared region for both CR2-iodine and CR3-Bromine. The following spectrum shows that there is an 

activity in visible to near infrared region of the solar spectrum, therefore these molecules can enhance the 

performance of solar cells.  
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Figure 2: Calculated UV-Vis spectrum for CR2-Iodine and CR3-Bromine dye molecules. 

Light harvesting efficiency of CR2-Iodine and CR3-Bromine at the absorption peaks was calculated using 

equation: 

𝐿𝐻𝐸(λ) = 1 − 10−𝑓                                                                                                                    (1)

where f denotes the absorption also called the oscillator strength of sensitizer at a given wavelength (λ).  

Table 1: LHE of CR2-Iodine at a particular wavelength 

Table 2: LHE of CR3-Bromine at a particular wavelength 

The light harvesting efficiency (LHE) of the sensitizer affects the short-circuit current density (JSC), and 

hence, the overall power conversion efficiency (η). The calculated LHE values of CR2-I and CR3-Br found 

are shown in Table 1 and Table 2 respectively. The maximum values of LHE found to be 0.97 (97 %) at 

λ max = 635 nm and 0.98 (98 %) at λ max = 610 nm.  

3.2. Optical absorption property of the dye molecules 

Figure 3 illustrate the optical absorption property of CR2-I and CR3-Br dye molecules. The figure shows 

an absorption activity in the visible to near infrared region. The absorption in the ultraviolet region for 

CR2-I and CR3-Br are common for many synthesizer. The results illustrate that Croconate dyes CR2-I 

and CR3-Br as synthesizers in DSSCs can shift the absorption of photons from the ultraviolet region to 

the visible to near infrared region, hence improve the practical performance of DSSCs. 

Wavelength (nm) Absorption LHE LHE (%) 

635 1.51 0.97 97 

777 0.018 0.04 4 

Wavelength (nm) Absorption LHE LHE (%) 

610 1.78 0.98 98 

837 0.03 0.05 5 

912 0.09 0.18 18 
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 Figure 3: Calculated optical absorption for CR2-I and CR3-Br dye molecules. 

3.3. Energy levels and isodensity surfaces of the dyes 

Table 3:  The HOMO, LUMO and HOMO-LUMO energy gap of CR 2-I and CR 3-Br dye molecules. 

DYE MOLECULE HOMO (eV) LUMO (eV) HOMO-LUMO GAP (eV) 

CR2-I -6.53 -4.45 2.08 

CR3-Br -6.88 -5.79 1.09 

Table 3 shows the molecular orbitals of CR2-I and CR3-Br. The HOMO energies of CR2-I and CR3-Br are 

−6.53 eV and −6.88 eV respectively, the LUMO energies of CR2-I and CR3-Br are −4.45 eV and −6.88

eV respectively. The HOMO–LUMO energy gap (HLG) values of CR2-I and CR3-Br were 2.08 eV and

1.09 eV respectively. The smaller HOMO–LUMO gap favors the absorption of photons in the long-

wavelength region. Figure 4 shows the  molecular orbitals involved in the dominant electron transitions

of CR2-I and CR3-Br.

Proceedings of SAIP2018

SA Institute of Physics ISBN: 978-0-620-85406-1 250



Figure 4: Isodensity surfaces of the molecular orbitals of (a) highest occupied molecular orbital of CR2-I 

(b) lowest unoccupied molecular orbital of CR2-I (c) highest occupied molecular orbital of CR3-Br (d)

lowest unoccupied molecular orbital of CR3-Br

4. Conclussion

First principle DFT studies were used to investigate the electronic and optical properties of selected

Croconate dye molecules (CR2-I and CR3-Br) with halide functional group. The HOMO-LUMO gap

values of two molecules are less than the band gap values of TiO2 semiconductors, and this means that

electron injection from excited dye molecules to the conduction band of TiO2 semiconductor will be

efficient. The UV-Vis spectrum and optical absorption spectrum of the two molecules shows the photon

absorption activity in the visible to near infrared region, hence the use of these dye molecules can improve

the practical performance of DSSCs.

5. Acknowledgement

This work is financially supported through the NRF Thuthuka, DST Renewable Energy Funding, merSETA

and the National institute for theoretical Physics (NiTheP). We would also like to thank the University of

Venda for the support to carry out this research and Centre for High performance Computing (CHPC) for

using their computing facilities.

.

  (a)    (b) 

 (c)   (d) 

Proceedings of SAIP2018

SA Institute of Physics ISBN: 978-0-620-85406-1 251



References 

[1] Rokesh, K., Pandikumar, A., & Jothivenkatachalam, K. (2014). Dye sensitized solar cell: a

summary. In Materials Science Forum (Vol. 771, pp. 1-24). Trans Tech Publications.

[2] Wang, Y., Zhang, R., Li, J., Li, L., & Lin, S. (2014). First-principles study on transition metal-

doped anatase TiO2. Nanoscale research letters, 9(1), 46.

[3] Triggiani, L., Munoz-Garcia, A. B., Agostiano, A., & Pavone, M. (2015). First-principles study

of trimethylamine adsorption on anatase TiO2 nanorod surfaces. Theoretical Chemistry

Accounts, 134(10), 119.

[4] Corneliu O. I., Panait, P., Lungu, J., Stamate, D., Dumbravă, A., Cimpoesu, F., & Gîrţu, M. A.

(2013). DFT study of binding and electron transfer from a metal-free dye with carboxyl,

hydroxyl, and sulfonic anchors to a titanium dioxide nanocluster. International Journal of

Photoenergy, 2013.

[5] Takechi, K., Kamat, P. V., Avirah, R. R., Jyothish, K., & Ramaiah, D. (2007). Harvesting

infrared photons with croconate dyes. Chemistry of Materials, 20(1), 265-272.

[6] Han, Y. X., Yang, C. L., Wang, M. S., Ma, X. G., & Wang, L. Z. (2015). Enhancing the visible-

light absorption of TiO2 with the use of key N, Co, and Na dopant concentrations. Solar Energy

Materials and Solar Cells, 132, 94-100.

[7] Clark, S. J., Segall, M. D., Pickard, C. J., Hasnip, P. J., Probert, M. I., Refson, K., & Payne, M.

C. (2005). First principles methods using CASTEP. Zeitschrift für Kristallographie-Crystalline

Materials, 220(5/6), 567-570.

Proceedings of SAIP2018

SA Institute of Physics ISBN: 978-0-620-85406-1 252


	Proceedings of SAIP2018
	Table of Contents
	Conference Chairs and Committees
	Message from the Conference Chair
	Message from the Editor
	List of Reviewers
	FULL RESEARCH PAPERS
	DIVISION A – DIVISION FOR PHYSICS OF CONDENSED MATTER AND MATERIALS
	Electronic and Optical Properties of Lead-Free Hybrid Perovskite CH3NH3SnI3 from First Principles Calculations
	I O Abdallah, D P Joubert and M S H Suleiman

	Structural, elastic and electronic properties of binary titanium-based shape memory alloys
	M E Baloyi, R Modiba, P E Ngoepe and H R Chauke

	First principles investigation of structural, elastic, electronic and optical properties of Barium seleno-germanate, Ba2GeSe4
	A Barde and D P Joubert

	Growth and structural characterization of germanium on Pt(111)
	C Dansou, G B Geetha, E Carleschi and B P Doyle

	A numerical study of heterogeneous annealing in a nite one-dimensional geometry
	J Lethoba, P M Bokov and P A Selyshchev

	ZnO nanoparticles doped with cobalt and indium mechanochemically for methane gas sensing application
	M F Manamela, T E Mosuang and B W Mwakikunga

	First principle studies of palladium nanoparticles on titanium dioxide surfaces for catalytic application
	A F Mazibuko, R G Diale, H R Chauke and P E Ngoepe

	Effect of temperature on the structure and dynamic properties of metal sulphide nanostructures via molecular dynamics simulation
	M A Mehlape, T G Mametja, T E Letsoalo and P E Ngoepe

	Lattice thermal conductivity of bulk PtTe2 and PtSe2
	H A H Mohammed, D P Joubert and G M D Nguimdo

	Magnetic and physical properties of new hexagonal compounds PrPt4X (X = Ag, Au)
	M O Ogunbunmi and A M Strydom

	Crystal structure and thermodynamic properties of the non-centrosymmetric PrRu4Sn6 caged compound
	M O Ogunbunmi and A M Strydom

	Thermoelectric properties of CdGa2O4 spinel
	E Rugut, D P Joubert and G Jones

	The structural, electronic, and optical properties of CH3NH3PbI3
	A S A Sidahmed and D P Joubert

	Structural and optical properties of spin coated graphene oxide films
	B C Tladi, R E Kroon and H C Swart


	DIVISION B – NUCLEAR, PARTICLE AND RADIATION PHYSICS
	A comparative study of the high fluence neutron radiation effects on the properties of plastic scintillator UPS-923A for the TileCal of the ATLAS detector
	V Baranov, Y I Davydov, R Erasmus, C O Kureba, J E Mdhluli, B Mellado, G Mokgatitswane, E Sideras-Haddad, I Vasilyev and P N Zhmurin

	AdS/CFT predictions for correlations, suppression, and flow of heavy flavours at RHIC and LHC
	R Hambrock and W A Horowitz

	Performance of missing transverse energy reconstruction in pp collisions at 13 TeV in the diphoton channel with ATLAS
	S Liao, B Mellado and X Ruan

	Background estimation for multilepton and b-jets analysis at ATLAS at the LHC
	J Monnakgotla, L Mokoena, L Mashishi, Y H Jimenez and B Mellado

	Studying the effects of pileup on the leptonic properties in the H -> ZZ -> 4l channel using the ATLAS detector
	O Mtintsilana and T Lagouri

	Mitigating the effect of fake missing energy using Machine learning technique in the ATLAS experiment
	K G Tomiwa, X Ruan and B Mellado


	DIVISION C – PHOTONICS
	Measurements of phase distortions through pulse characterization
	G O Dwapanyin, G W Bosman, P H Neethling and E G Rohwer

	Using optical tweezers to measure the forces exerted by molecular motors in onion cells
	A Erasmus, G W Bosman, P H Neethling and E G Rohwer

	The effect of photobiomodulation at 660 nm on the differentiation of diabetic wounded WS1 human fibroblasts into myofibroblasts
	D R Mokoena, N N Houreld, S S Dhilip Kumar and H Abrahamse

	Investigation of a specifically targeted photosynthetic nanoparticle drug delivery system for enhanced photodynamic therapy treatment of metastatic melanoma
	C Naidoo, C A Kruger and H Abrahamse

	Simulation of time-domain terahertz ellipsometry measurements towards data extraction
	S Smith, P Neethling and E Rohwer


	DIVISION D1 – ASTROPHYSICS
	Dark matter gets DAMPE
	G Beck and S Colafrancesco

	Probing the intergalactic magnetic field through observations of high-energy gamma rays produced by electromagnetic cascades
	B Bisschof, B van Soelen and P J Meintjes

	Gamma-Gamma Absorption in 𝜸-ray Binaries
	D C du Plooy and B van Soelen

	Ha images of nearby galaxy groups NGC193 and NGC940
	S Hattingh, S I Loubser, A Babul and E O’Sullivan

	Star formation histories of Brightest Group Galaxies in CLoGS
	O C Havenga, S I Loubser, E O'Sullivan, A Babul and A Ratsimbazafy

	Search for Gamma-ray emission in the White Dwarf pulsar of AR Scorpii
	Q Kaplan, H J van Heerden, P J Meintjes, A Odendaal and R Britto

	The search for 𝜸-ray emission from AE Aquarii using Fermi-LAT Pass 8 Data pipeline 2008-2018
	S T Madzime, H J van Heerden, P J Meintjes, A Odendaal and R J Britto

	Did Dark Matter Kill the Dinosaurs?
	M Sarkis and G Beck

	Probing quantum gravity at low energies
	J Tarrant, G Beck, and S Colafranesco

	Implications for gamma-ray production from updated orbital parameters for LMC P3 with SALT/HRS
	B van Soelen, N Komin, D du Plooy, P VŁaisŁanen and A Kniazev


	DIVISION D2 – SPACE SCIENCE
	dSECS: Including Variometers in Geomagnetic Field Interpolation
	M J Heyns, S I Lotz and C T Gaun


	DIVISION E – PHYSICS EDUCATION
	The relativistic length transformation: more than a Lorentz contraction
	R E Kroon


	DIVISION F – APPLIED PHYSICS
	Migration behaviour of selenium implanted into polycrystalline-SiC
	Z A Y Abdalla, T T Hlatshwayo, E G Njoroge, M Mlambo, E Wendler, J B Malherbe

	Photodynamic therapy using Sulfonated Aluminium Phthalocyanine mix for the eradication of cervical cancer: an in vitro study
	E P Chizenga and H Abrahamse

	Experimental and Numerical Measurement of the thermal performance for parabolic trough solar concentrators
	K Mohamad and P Ferrer

	Tuning the Bandgap of Bulk Molybdenum Disulphide using Defects
	P V Mwonga, S R Naidoo, A Quandt and K I Ozoemena

	DFT Study of selected croconate dye molecules for application in dye sensitized solar cells
	T S Ranwaha, N E Maluta and R R Maphanga


	DIVISION G – THEORETICAL AND COMPUTATIONAL PHYSICS
	Quasi-normal modes of spin-3/2 fields in D-dimensional Reissner-Nordstrom black hole spacetimes using the continued fraction method
	A S Cornell and G E Harmsen

	Full phase space simulation of the relativistic Boltzmann equation in the context of heavy-ion collisions
	E W Grunow and A Peshier

	Bose-Einstein condensation from a gluon transport equation
	B A Harrison and A Peshier

	Quantitative Predictions of Heavy Flavor Photon Bremsstrahlung in Heavy Ion Collisions from AdS/CFT
	W A Horowitz

	Oscillating cosmological correlations in f(R) gravity
	N Namane, H Sami and A Abebe

	Using the Ultra-relativistic Quantum Molecular Dynamics (UrQMD) model to extract the thermal conductivity transport coefficient of hadron gas
	T Nemakhavhani and A Muronga





