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ABSTRACT
Density functional theory (DFT) and Time dependent density functional theory (TDDFT) calculations have been
carried out to study the electronic structure and the UV absorption spectra of ofloxacin. The UV spectra have been
investigated with inclusion of solvent effect using the polarizable continuum model (PCM). The B3LYP functional
with 6-31G(d,p) basis sets have been used for geometry optimization and also to compute absorption energies. The
vertical absorption energies both in gas phase and in ethanol were computed. The absorption maximum both in gas
phase and in polar solvent is discussed in terms of electrostatic interaction energy, oscillator strength and dipole
moment.
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INTRODUCTION
Ofloxacin is a synthetic chemotherapeutic antibiotic of the fluoroquinolone drug class considered to be a secondgeneration fluoroquinolone [1]. Ofloxacin is a racemic mixture, which consists of 50% levofloxacin and 50% of its
enantiomer dextrofloxacin [2]. The U.S. Food and Drug Administration (FDA) medical reviewers considered the
two drugs to be one and the same and hence interchangeable [3]. As frequent dosing is required to maintain the
therapeutic plasma concentration, ofloxacin was chosen as a model drug for the controlled release study [4,5].
Ofloxacin is chemically 9-fluro-2, 3-dihydro-3-methyl-10-(4-methyl-1-piperizinyl)-7-oxo-7H-pyrido[1,2,3-de]-1,4benzoxaine-6-carboxylic acid with a molecular formula C18H20FN3O4 and molecular weight of 361.368 gm/mol [6].
The density functional theory (DFT) [7] with B3LYP [8,9] functional combined with 6-31G(d,p) [10-12] basis set
are most useful to optimize the geometries of molecules. The Time-Dependent Density Functional Theory (TDDFT)
[13-15] has been used to simulate the electronic absorption spectra of free molecules. The calculated excitation
energies are well agreed with experimental data for various compounds. Moreover, the inclusion of solvation effect
via a PCM [16-19] model tends to change the excitation energies, due to a stabilization of the lowest unoccupied
molecular orbitals (LUMO). Thus, the location of the first absorption band and the energy of the highest occupied
molecular orbitals (HOMO) were used as parameters to evaluate the absorption maximum (λmax). The absorption
maximum is an important parameter of the UV spectrophotometric methods in pharmaceutical formulations
especially in quantitative estimation [20-25].
In this work, the absorption maxima of ofloxacin both in gas phase and in polar solvent ethanol are simulated using
the DFT/TDDFT method.
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COMPUTATIONAL DETAILS
Ofloxacin molecule was modeled using Avogadro [26]. The ground state geometry was optimized using
DFT/B3LYP hybrid functional with 6-31G(d,p) basis sets. The effect of solvent (ethanol) was added using the
polarizable continuum model (PCM) of solvation. The optimized geometries are utilized to get the frontier
molecular orbitals and to carry out the TDDFT studies. λmax of ofloxacin is calculated at the level of TDDFT/631G(d,p). All calculations are performed using GAMESS-US software suit [27,28]. Molecular orbitals were plotted
using wxMacMolPlt [29] and UV spectra were plotted using Gabedit [30].
RESULTS AND DISCUSSION
The optimized structure of the ofloxacin at S0 state has non-planar geometries, as can be seen in Fig. 1.
N14,C16,C17,N15,C18,C19 heterocyclic ring shows chair configuration. The benzene ring C1-C6 is in plane with
the ring comprises of N8, C9, C40 and carbonyl groups. C2,N8,C11,C12,O13,C3 ring is distorted, C11 and C12
atoms are out of plane due to methyl group. A hydrogen bond of 1.677 Å is formed between O39 and H45. Fig. 2
displays the HOMO and LUMO, both of which show π-character. LUMO are localized on benzene ring, carbonyl
group, N8 and C9 atoms, whereas HOMO are localized on heterocyclic ring, C1,C3,C4,C5 of benzene ring and O13
atom. This is desirable and leads to the intra-molecular charge separation upon excitation (push-pull effect). The S1
state of ofloxacin molecule is mainly due to the orbital transition from HOMO to LUMO, which involves the charge
transfer from the nitrogen atoms of heterocyclic ring to carbonyl group, N8 and C9 atoms. Thus, S1 state of the
molecule may be an intramolecular charge-transfer (ICT) state.

Fig. 1. Optimized structure of ofloxacin (Black-C, Red-O, Blue-N, Green-F and Gray-H)

The dipole moment of the free ofloxacin molecule is 10.199 Debye and it increases to 18.927 Debye in the exited
state. The interaction energy between ofloxacin molecules with solvent molecules (fourth column of Table 1) is
negative in polar solvent. Due to excitation, the dipole moment of ofloxacin molecule in ethanol is increased by
10.975 Debye (sixth column of Table 1). The change in electronic charge distribution between HOMO and LUMO
is also indicative of a large dipole moment and is the possible reason for increase in oscillator strength (seventh
column of Table 1) for the HOMO → LUMO transition in ethanol. The large dipole moment of ofloxacin molecule
in the excited state is additionally stabilised by polar solvent molecules that leads to the slight decrease in the
excitation energy and the corresponding redshift of the spectral maximum.
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Fig. 2. The Molecular orbitals of ofloxacin. LUMO (top) and HOMO (bottom)
Table 1. λ max corresponding to HOMO→
→LUMO transition, electrostatic interaction energy (Eint), dipole moment (DD) of ofloxacin at S0
and S1 states, and oscillator strength (f)
Isolated state/
Eint
DD at S0DD at S1
H→L
f
λmax (nm)
Solvent
(eV) (kCal/mol)(Debye)(Debye)
18.927
Isolated state 295.06 4.202
10.199
0.067
Ethanol

305.38 4.060 -16.20

12.989 23.964 0.180

The computational UV absorption spectra of ofloxacin in gas phase and in polar solvent are shown in the Fig. 3.
Spectra show a similar profile in gas phase as well as in solvent and also it present intense band in polar solvent than
in gas phase. The spectra show absorption energies corresponding to the λmax of 295.06 in gas phase and 305.38 nm
in ethanol which is in good agreement with the experimentally determined value 299.40 [31].
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Fig. 3. Calculated UV absorption spectra of ofloxacin

CONCLUSION
In this study geometry optimization and UV absorption energy of ofloxacin in isolated state and in polar solvent
ethanol has been carried out using DFT/TDDFT via the PCM model for solvation. From the results, some
parameters such as excitation energy, oscillator strength, electrostatic interaction energy, dipole moment of
ofloxacin have been chosen to evaluate λmax. Absorption energy calculation shows redshift for λmax in the presence
of polar solvent. The absorption intensity of ofloxacin molecule in isolated state is considerably low as compared
with the absorption intensity in polar solvent.
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