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Levofloxacin (LVF) and norfloxacin (NRF) are a group of fluoroquinolone antibiotics, broad spectrum used to treat various
infections caused by many bacterial species. -e drugs contain functional groups which control the type and degree of interaction
with different solvents. In this research, the ground and excited state dipole moments of LVF and NRF drugs were estimated using
solvatochromic effects and computational work. -e dipole moments were estimated from absorption and emission spectra in
polar and nonpolar solvents using Bakhshiev’s, Kawski–Chamma–Viallet, Lippert–Mataga, and Reichardt models. -e results
indicated the emission spectra are more strongly affected by solvent polarity than the absorption spectra. -e calculated excited
state dipole moment is larger than that of the ground state, indicating that the probe compounds are significantly more polarized
in the excited state than in the ground state. From computational work, the HOMO-LUMO energy band gap, the dipole moments,
electron charge density distribution, and oscillator strength were determined using the semiempirical MP6 method, DFT-B3LYP-
6-31G, and DFT-B3LYP-3-21G employing Gaussian 09 software. In general, larger dipole moments were obtained by com-
putation rather than from experiments due to the absence of solvent effects.

1. Introduction

Levofloxacin (LVF) and norfloxacin (NRF) are a group of
fluoroquinolone antibiotics with a broad medicinal spec-
trum, active against Gram-negative and Gram-positive
bacteria. Figures 1(a) and 1(b) are the chemical structure of
NRF and LVF. -e drugs contain several proton binding
sites such as carboxyl, carbonyl, and amino groups [1].
Different studies indicated that the polarity parameters of a
drug originated from its chemical structure and functional
groups attached to the compound [2]. Due to these prop-
erties, the physical and chemical behaviors of the drugs are
altered in solvents [3, 4]. -e functional groups that exist in
drugs are controlling the type and degree of interaction with
solvents [5, 6]. Also, it was observed that due to these
functional groups, the antibacterial activity of the drugs is

pH dependent [1, 7]. Hence, studying the interaction of
solvents with drugs is important for biological applications
and to get information about change in electronic distri-
bution upon excitation [8].

Recently, the effects of solvent media on the photo-
physical properties of different drug, such as vitamin A [9],
vitamin B [10], triarylmethane [11], folic acid [12], and folate
derivatives [13], were investigated using different spectro-
scopic techniques. -e results of the study indicated that the
general solvent effect due to relative permittivity and re-
fractive index and specific due to hydrogen bonding and
intermolecular charge transfer were observed between the
drugs and solvents. As the solvents polarity changes, shifts of
the absorption and emission peaks are observed and result in
change in the dipole moments due to the effect of the
solvent’s polarity [14, 15]. Estimating the ground and excited
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state dipole moments of drugs from solvatochromic effects
and computational work has great importance to reveal
information on the electronic and geometrical structures of
these drug molecules [2, 16]. It also reflects the charge
distribution in the molecule and is useful in parameteri-
zation in quantum chemical procedures [17]. -e biological
activities of the molecules are mainly depending on their
molecular structures. -is can be obtained from ground and
excited state dipole moments. A small change of the dipole
moments and molecular structure may cause different bi-
ological activities related to the drug, making the dipole
moments important measurable properties of drugs [18].

Although the photophysical properties of some vita-
mins and other drugs were studied, however, to the best of
our knowledge, the solvatochromic effect of LVF and NRF
in polar and nonpolar solvents for the determination of
ground and excited state dipole moments have not been
investigated experimentally and theoretically. -erefore,
in this research the ground and excited state dipole
moment are estimated experimentally using Lip-
pert–Mataga, Bakhshiev’s, Kawski–Chamma–Viallet, and
Reichardt equations and computational work using DFT
and semiempirical methods employing Gaussian 09
software.

2. Theoretical Background

To determine the ground and excited state dipole moments
of a molecule by solvatochromic method the equation re-
lating the difference and sum of absorption (va) and fluo-
rescence (vf), wavenumbers to solvent polarity functions
are given by (1)–(3) [19–23].

Lippert–Mataga equation is as follows [21, 22]:

va − vf � mf εr, n( 􏼁 + const. (1)

Bakhshiev’s equation is as follows [23]:

va − vf � m1f εr, n( 􏼁 + const. (2)

Kawski–Chamma–Viallet equation is as follows [19, 20]:

va + vf � −m2f εr, n( 􏼁 + 2g(n) + const, (3)

Where f(εr, n) and g(n) are the solvent polarity functions,
dependent on the dielectric constant εr and the index of
refraction n. Parametersm,m1, andm2 are determined from

the slopes of (1), (2), and (3), respectively, and are related to
ground and excited state dipole moment using the following
equations:

m �
2 μe − μg􏼐 􏼑

2

hca
3 , (4)

m1 �
2 μe − μg􏼐 􏼑

2

hca
3 , (5)

m2 �
2 μ2e − μ2g􏼐 􏼑

hca
3 . (6)

-e parameters μe and μg are the excited and ground
state dipole moment of the solute molecule, c is the speed of
light in vacuum, h is Planck’s constant, and a is Onsager
cavity radius of the solute molecule and is determined using
the following equation [24, 25]:

a �
3M

4πδN
􏼒 􏼓

1/3
, (7)

where M is the relative molecular mass of the solute mol-
ecules, N is Avogadro’s number, and δ is the density as-
suming that the molecules are spherical. -e solvent polarity
function used in the Lippert–Mataga equation is described
in the following [21]:

f εr, n( 􏼁 �
εr − 1
2εr + 2

−
n
2

− 1
2n

2
+ 1

. (8)

Substituting (8) into (1), the Lippert–Mataga equation is
obtained [22]:

va − vf � m
εr − 1
2εr + 2

−
n
2

− 1
2n

2
+ 1

􏼠 􏼡 + const. (9)

From the slope m of the graph of va − vf versus Lip-
pert–Mataga solvent polarity function, change in the dipole
moment is expressed as follows:

Δμ � μe − μg �
mhca3

2
􏼠 􏼡

1/2

. (10)

-e solvent polarity functions used in Bakhshiev’s and
Kawski–Chamma–Viallet equation are expressed in the
following equations according to [19, 20]:
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Figure 1: Molecular structure of (a) LVF and (b) NRF.
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f εr, n( 􏼁 �
2n

2
+ 1

2 n
2

+ 2􏼐 􏼑

εr − 1
εr + 2

−
n
2

− 1
n
2

+ 2
􏼠 􏼡, (11)

g(n) �
3
2

n
4

− 1

n
2

+ 2􏼐 􏼑
2

⎛⎜⎝ ⎞⎟⎠. (12)

When (11) is substituted into (2), we will get Bakhshiev’s
equation [23]:

va − vf � m1
2n

2
+ 1

n
2

+ 2
εr − 1
εr + 2

−
n
2

− 1
n
2

+ 2
􏼠 􏼡 + const. (13)

Similarly, when (11) and (12) are substituted into (3), we
can get the Kawski–Chamma–Viallet equation [20]:

va + vf � −m2
2n

2
+ 1

n
2

+ 2
εr − 1
εr + 2

−
n
2

− 1
n
2

+ 2
􏼠 􏼡􏼠 􏼡

+ 3
n
4

− 1

n
2

+ 2􏼐 􏼑
2

⎛⎜⎝ ⎞⎟⎠ + const.

(14)

If the symmetry of the investigated solute molecule
remains unchanged during electron excitation, the following
expressions are obtained:

μg �
m2 − m1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

2
hca3

2m1
􏼠 􏼡

1/2

, (15)

μe �
m2+m1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

2
hca3

2m1
􏼠 􏼡

1/2

, (16)

μe

μg

�
m2+m1

􏼌􏼌􏼌􏼌
􏼌􏼌􏼌􏼌

m2−m1
􏼌􏼌􏼌􏼌

􏼌􏼌􏼌􏼌
μg, for m2 >m1( 􏼁. (17)

-e dipole moments can also be determined using another
method that is based on the empirical solvent polarity scale
(EN

T ). -e idea was initially expressed by Reichardt [26] and
developed by Ravi [27].-emethod is based on solvatochromic
properties of betaine dye, correlated with the polarization and
hydrogen bonding effect, and is expressed as follows:

va − vf � 11307.6
Δμ
ΔμB

􏼠 􏼡

2
aB

a
􏼒 􏼓

3
⎡⎣ ⎤⎦E

N
T + const, (18)

where ΔμB � 9 Debye is the change in dipole moment, aB �

6.2A is the Onsager radius for betaine dye, Δμ and a are the
corresponding quantities for molecule of interest, and (EN

T )

is given by

E
N
T �

ET(30)solvent − ET(30)TMs

ET(30)water − ET(30)TMs
�

ET(30)solvent − 30.7
32.4

.

(19)

In this case, TMS represents tetramethylsilane known as
a nonpolar solvent (EN

T � 0) and using water as a highly
polar solvent (EN

T � 1). -e change in dipole moment is
determined from the slope of the linear plot of ]a − ]f versus
EN

T of (16) described as follows:

Δμ � μe − μg �

�������������
m × 81

(6.2/a)
311307.6

􏽳

. (20)

3. Materials and Methods

3.1. Experimental. LVF and NRF drugs were purchased
from Sigma-Aldrich Company and used without further
purification. -e polar solvents (distilled water, methanol,
ethanol, ethyl glycol, and ethyl acetate) and non-olar sol-
vents (chloroform, dichloromethane, and isopropanol) used
are all spectroscopic grade. -e absorption spectra of the
drugs were measured by double beam UV/Vis spectro-
photometry (an ISO 9001 model, Maalab, India) in the
wavelength region of 200–400 nm using 1 cm quartz cuvettes
at room temperature. -e steady state fluorescence emission
spectra were measured using the Cary Eclipse Fluorescence
Spectrophotometer (Agilent, Malaysia). -e excitation
wavelength and emission spectra were measured at 290 nm
and 350–600 nm, respectively. -e excitation and emission
slit width is set at 10 nm.

Stock solution of 2 × 10− 4M LVF and NRF were pre-
pared in polar and nonpolar solvents and stored in the
refrigerator to protect the samples from sunlight. -e
UV/Vis absorption and steady state fluorescence emission
measurements were performed at room temperature using
low concentrations: absorbance <1 au for absorption and
absorbance <0.1 au for the fluorescence spectra measure-
ment. -e absorption and emission spectra were analysed
using Origin 8 software. -e values of the solvent polarity
functions were calculated from relative permittivity, re-
fractive index of the solvents, and empirical solvent polarity
parameters as shown in Table 1.

3.2. Computational Method. To understand the electronic
structure and electronic properties of LVF and NRF,
computational work was performed employing Gaussian 09
software. -e HOMO-LUMO energy band gap, the dipole
moments, electron charge density distribution, oscillator
strength, and electrostatic potential of the molecules were
computed using semiempirical methods PM6, DFT-B3LYP-
6-31G, and 21G, respectively. Time-dependent DFT
(TDDFT) with basis set 6-31G is used to calculate the excited
state dipole moment. All the calculations were performed
after optimizing the geometry of the molecule in the ground
state [28].

4. Results and Discussion

4.1. Effects of Solvent Polarity on Absorption and Emission
Spectra of Levofloxacin and Norfloxacin Drugs.
Absorption and emission spectra of molecules in solvents
provide reliable information about solvation effects on the
ground and excited states [29]. Figures 2(a), 2(b), 3(a), and
3(b) are the absorption and fluorescence emission spectra of
LVF and NRF in different polar and nonpolar solvents,
respectively. Two absorption peaks were observed for LVF
with the highest peak band at 275–325 nm and weak band at
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325–350 nm, respectively. Similarly for NRF, the main peak
band appeared at 250–300 nm and weak band at
300–350 nm. Generally, the absorption spectra of the two
drugs showed a blue shift with increasing solvent polarity.
-is is because the increase of solvent polarity causes a blue
shift in the n⟶ π∗ absorption of carbonyl compounds
[30]. In addition, n state is more easily stabilized by polar
solvent effects such as hydrogen bonding, so in going from
nonpolar solvent to polar solvent, there is a blue shift.

On the other hand, the emission spectra of the drugs show
red shifts with increasing solvent polarity, and these are due to
the fact that the excited states of LVF and NRF are more
stabilized in polar solvent than nonpolar solvents [30, 31]. -e
largest peak emission shifts in different solvents are 44nm and
39nm for LVF and NRF, respectively, as shown in Table 2.
Larger shifts of the emission spectra when compared to the
shifts of the absorption were observed. -e reason is that
absorption of light occurs in about 10−15 s, a time too short for
motion of the fluorophore or solvent. Hence, the absorption
spectra are less sensitive to solvent polarity. In contrast, the
emitting fluorophore is exposed to the relaxed environment,
which contains solvent molecules oriented around the dipole
moment of the excited state [11]. In general, a large emission
shift shows that the excited state geometry of the compounds is
different from the ground state geometry and that the dipole

moment increases during excitation. As shown in Table 2, the
smallest and largest values of the wavenumbers of the emission
peaks of LVF and NRF were observed in water (polar solvent)
and dichloromethane (nonpolar solvent), respectively. -e
results indicated that both LVF and NRF have strong inter-
molecular interaction with polar solvents in the excited state.

Large Stokes shifts were observed for both LVF and NRF
antibiotic drugs and this can be an indication of intra-
molecular charge transfer (ICT) occurring as result of ex-
citation [32, 33]. Previous work confirms that large Stokes
shift seen on fluoroquinolones antibiotic drugs in aqueous
solution is explained through intramolecular charge transfer
from the (N1) piperazinyl group to the main ring of the
molecule [34].

4.2. Evaluation of Dipole Moments. In the excited state, the
dipole moment of the molecule is changed due to redis-
tribution of electron density relative to ground state. -e
change of the dipole moment is influenced the nature of the
surrounding media/solvent and the type of solute-solvent
interactions [35]. To understand the solvatochromic effects
of LVF and NRF, the absorption and emission spectra are
correlated to solvent polarity functions and empirical sol-
vent polarity parameter, and thus ground and excited state

Table 1: Calculated values of solvent polarity functions in different solvents.

Solvents n εr fBac(εr, n) fKCV(εr, n) + 2g(n) fLM(εr, n) EN
T

Chloroform 1.445 4.81 0.3714 0.9634 0.1486 0.253
Dichloromethane 1.424 8.93 0.4745 1.0295 0.203 0.321
Isopropanol 1.3776 19.9 0.7786 1.2923 0.2762 0.546
Ethanol 1.3616 24.5 0.8126 1.3348 0.2886 0.654
Methanol 1.33 32.7 0.8542 1.3041 0.308 0.762
Distilled water 1.3325 80.1 0.9138 1.3636 0.3203 1.000
Ethyl acetate 1.372 6.02 0.4895 0.9955 0.2001 0.221
Ethyl glycol 1.4382 37.7 0.8394 1.4334 0.2720 0.790
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Figure 2: (a) UV/Vis absorption spectra and (b) emission spectra of LVF in solvents with different solvent polarities.

4 Journal of Spectroscopy



dipole moments of LVF and NRF were estimated from the
slope of the Lippert–Mataga equation (9), Bakhshiev’s
equation (13), the Kawski–Chamma–Viallet equation (14),
and the Reichardt equation (18) fitted to the experimental
data. -e results are shown in Table 3. Figures 4(a) and 4(b)
are the graphs of va − vf versus f(εr, n) for LVF and NRF
using Bakhshiev’s equation. -e statistical analysis of the
graphs for both drugs has good linearity with high corre-
lation coefficients. Similarly, Figures 5(a) and 5(b) are the
graphs of va + vf versus f(εr, n) + 2g(n) using Kawski–
Chamma–Viallet equation with good correlation coeffi-
cients. -e slopes, intercepts, and correlation coefficients of
LVF and NRF are summarized in Table 3. In some cases,
deviation of data point from linearity were observed in the
graph va − vf versus f(εr, n) and va + vf versus
f(εr, n) + 2g(n). -is is probably due to specific solute-
solvent interactions (e.g., hydrogen bond formation) that are
not taken into consideration in all the above-mentioned
theories, and it indicates the extent of interactions between
the solute and solvent molecules [36–38].

From the slope of the graphs and using (15) and (16), the
ground and excited state dipole moments of LVF and NRF
were determined, and the results are depicted in Table 4.-e

calculated results indicate that the excited state dipole
moment is larger than the ground state dipole moment
indicating that the probe compounds are significantly more
polarized in the excited state than in the ground state. -e
ground and excited state dipole moments that are estimated
by different methods are not similar due to the fact that
different assumption and simplification are applied in each
method [39]. It is also noted that the values of the ground
and excited state dipole moments of LVF and NRF are not
similar. -e variation in the value of dipole moment may be
due to structural difference of the two compounds [40]. In
addition, the change in dipole moments (Δμ � 13.6, 16.4 D)
obtained using Lippert–Mataga equation (9) are larger than
the value obtained by other methods. -is is due to the fact
that Lippert–Mataga equation neglected polarizability of the
solute molecules [41]. Previously, it has also been reported
that the change in dipole moment obtained using Lip-
pert–Mataga equation is larger than the values calculated by
other methods [27, 30, 42].

-e other important method to estimate the dipole
moments depends on the empirical solvent polarity scale,
EN

T [26, 43]. It correlates better with the solvatochromic
data than the traditionally used bulk solvent polarity
functions. In EN

T , the error associated with the estimation of
the Onsager cavity radius is reduced, and the empirical
polarity scale also includes intermolecular interactions
along with solvent polarity. Figures 6(a) and 6(b) are the
graph of (va − vf) versus EN

T for LVF and NRF, respec-
tively. -e statistical results indicate that very high cor-
relation coefficients (R � 0.91 and 0.95) were obtained for
LVF and NRF, respectively. -e good linearity of EN

T with
the Stokes shift indicates the inclusion of both the solute-
solvent interaction as well as H-bonding interaction in the
empirical polarity scale. As it has been shown from the
results of all models, the first excited state dipole moment is
larger than the ground state dipole moment. -e difference
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Figure 3: (a) UV/Vis absorption spectra and (b) emission spectra of NRF in solvents with different solvent polarities.

Table 2: Peaks of the absorption and emission spectra of LVF and
NRF in solvents with different polarity.

Solvent
Norfloxacin Levofloxacin

va(cm− 1) vf(cm− 1) va(cm− 1) vf(cm− 1)

Chloroform 35460.99 24626.9 33783.78 22782.68
Dichloromethane 34965.03 24812.05 32894.74 22373.37
Isopropanol 35087.72 23588.8 33222.59 20966.12
Ethanol 35335.69 23093.09 33222.59 20788.29
Methanol 35460.99 22885.39 33444.82 20704.79
Distilled water 36496.35 22727.27 34722.22 21415
Ethyl acetate 34722.22 24862.36 33444.82 21689.15
Ethyl glycol 34602.08 22672.07 33898.3 20833.33
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in dipole moment seen between two electronic states can be
an indication of ICT [38].

In general, the dipole moments of the different states of a
molecule are important parameters, which reveal infor-
mation about the electronic and geometrical structures of
the molecule. Investigating the ground and electronically
excited state, dipole moments of a molecule provide elu-
cidation of the excited state nature and reflect the charge
distribution in the molecule. It is also used to predict the
regions of electrophilic and nucleophilic reactivity in some
photochemical reactions. Since both the pharmacological
activities and the ground and excited state dipole moments
of the molecule are sensitive to the molecular structure and
geometry, small changes in dipole moments may be in-
dicative of different pharmacological activities of the drugs.
-erefore, investigation of spectral properties and dipole
moment of LVF and NRF drug molecules in solvents is
useful to understand features of the drugs systems.

4.3. QuantumChemical Calculation. Figures 7(a)–7(c) show
the HOMO-LUMO structures, the optimized structure with
the dipole moment vector, and the total density matrix with
the electrostatic potential map (TDM-ESP) for LFV and
NRF using the semiempirical method MP6, DFT-B3LYP-3-
21G, and DFT-B3LYP-6-31G, respectively. It shows the
spatial distribution of the electron cloud in three dimen-
sions. -e three semiempirical methods provided similar
results in which the electron clouds are mainly distributed
on the molecular skeleton of the aromatic benzene ring of
the drugs. Electron clouds are also present in the functional
groups attached to the benzene ring.

-e ground state dipole moments obtained from the
semiempirical method PM6, DFT B3LYP-3-21G, and DFT
B3LYP-6-31G are larger than the experimental results. For
example, the ground state dipole moments obtained using
DFT B3LYP-3-21G are μg � 7.539 D and μg � 7.921 D for
LVF and NRF, respectively, and are larger than the exper-
imental results as shown in Table 4. -e reason for such
difference may be that the experimental method is affected
by solvent and environmental effects (solute-solvent inter-
action), whereas the theoretical calculation is performed for
a free molecule [15, 44]. In addition, dipole moments

obtained by the theoretical method are larger than experi-
mental results due to theoretical dipole moments depending
on charge densities obtained from eigenfunctions of the
molecular orbital approximations. Also, the quantum
chemical methods usually yield an exaggerated electrons
distribution in molecules and make themmore polar than in
reality [30]. Recent work on 5-methyl-benzofuran-3-yl-
acetic acid hydrazide also indicated that the ground state
dipole moment obtained by chemical calculation is larger
than the excited state dipole moment [45]. On the other
hand, the excited dipole moments obtained using the three
methods are similar to the experimental value (5.970 and
7.160 D). -e excited state dipole moment of LVF and NRF
is 6.350, 6.939; 4.716, 6.20; and 5.277, 6.813 D using semi-
empirical method PM6, TD-SCF-DFT-B3LYP-3-21G, and
TD-SCF-DFT-B3LYP-6-31G, respectively.

-e HOMO-LUMO energy gap of LVF and NRF
compounds, which indicates the chemical stability of the
molecules in quantum chemistry, is calculated. A molecule
with large HOMO-LUMO gaps is generally stable and
unreactive, while ones with small gaps are generally reactive
[46, 47]. -e HOMO-LUMO band gaps for LVF and NRF
are 0.146, 0.157 and 0.151, 0.162 eV using DFT-B3LYP-6-
31G and 3-21G, respectively. -e HOMO-LUMO band gap
energy of the two drugs is small compared to other aromatic
compounds reported by [42], and this indicates that the
drugs are highly reactive or that an electron of the HOMO
orbital can easily be excited to the LUMO orbital [33, 48]. A
difference in the electronic distribution was also noticed on
the HOMO-LUMOmolecular orbital plots of LVF and NRF
as shown in Figure 8. Unlike the experimental results, a
higher electronic distribution was observed on the HOMO
orbital level as compared to LUMO orbital level.

-e electrostatic potential map plot of LVF and NRF
shown in Figures 9(a), 9(b) makes it possible to estimate
nucleophilic and electrophilic regions of the molecules.
Identifying these nucleophilic and electrophilic regions is
crucial to design nonlinear optical materials [49] and fa-
cilitates prediction of the site of attack in some photo-
chemical reactions [30]. -e electrostatic potential map of
LVF and NRF is represented in red and blue colours. Blue
colour represents a positive phase that corresponds to a
nucleophilic region and red colour represents a negative

Table 3: Statistical analysis of the correlations of solvent spectral shifts of LVF and NRF.

Slope (cm−1) Intercept (cm−1) Correlation coefficient (r2)
Bakhshiev’s correlation
Levofloxacin 5938 7707 0.93
Norfloxacin 5899 7152 0.87

Kawski–Chamma–Viallet
Levofloxacin 3463 58669 0.79
Norfloxacin 4999 64848 0.86

Lippert–Mataga correlation
Levofloxacin 19464 6858 0.87
Norfloxacin 27749 4312 0.85

Reichardt correlation
Levofloxacin 3140 10373 0.91
Norfloxacin 4858 8738 0.95

6 Journal of Spectroscopy



phase corresponds to an electrophilic region [35]. Oxygen
creates an electron-rich region and the lowest electrostatic
potential of the molecule, and nitrogen is relatively electron
deficient for both LVF and NRF molecules. In addition, the
UV/Vis absorption spectra, the excitation energies, and their

corresponding oscillator strengths are determined using
TD-SCF-DFT-B3LYP-6-31G since it determines these better
than other methods [50, 51].-e numerical values are shown
in Table 5. -e HOMO-LUMO structures and UV/Vis
spectra are shown in Figure 10.
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Figure 4: Plot of ]a − ]f versus f(ε, n) using Bakhshiev’s equation for (a) LVF in different solvents (chloroform, dichloromethane,
isopropanol, ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol) and (b) NRF in different solvents (chloroform,
dichloromethane, isopropanol, ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol).
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Figure 5: Plot of ]a + ]f versus f(εr, n) + 2g(n) using Kawski–Chamma–Viallet equation for (a) LVF in different solvents (chloroform,
dichloromethane, isopropanol, ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol) and (b) NRF in different solvents
(chloroform, dichloromethane, isopropanol, ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol).

Table 4: Calculated value of dipole moments in Debye (D) and Onsager cavity radius (a) obtained from experimental and theoretical work
for LVF and NRF.

Comp. aa μb
g μc

e μd
e μe

g μf
e Δμg Δμh Δμi (μe/μg)j

LVF 4.57 1.57 5.97 4.58 7.539 5.277 4.4 13.6 3.01 3.79
NRF 4.6 0.95 7.16 6.03 7.921 6.813 6.21 16.4 5.08 7.54
a. Calculated value of Onsager cavity radius in angstrom. b. Experimental μg value calculated by (15). c. Experimental μe value calculated by (16). d.
Experimental μe value calculated from empirical solvent polarity function. e.-eoretical μg values obtained by employing DFT B3LYP-6-21G. f.-eoretical μe

values obtained by employing DFT B3LYP-6-31G. g. Δμ calculated from (15) and (16). h. Δμ calculated from (10). i. Δμ calculated from (20). j. Ratio of excited
state and ground state dipole moment found by (17).
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Figure 6: Plot of ]a − ]f versus EN
T for Reichardt equation, (a) LVF in different solvents (chloroform, dichloromethane, isopropanol,

ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol) and (b) NRF in different solvents (chloroform, dichloromethane,
isopropanol, ethanol, methanol, distilled water, ethyl acetate, and ethyl glycol).
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Figure 7: -e HOMO-LUMO structures, optimized structure with dipole moment vector and total density matrix with electrostatic
potential map (TDM-ESP) for LFV and NRF using (a) semiempirical method MP6, (b) DFT-B3LYP-3-21G, and (c). DFT-B3LYP-6-31G.
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Figure 8: -e HOMO-LUMO energy, band gap energy, and structure of (a) LVF and (b) NRF using DFT-B3LYP-6-31G.
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Figure 9: Total density matrix with electrostatic potential map (TDM-ESP) of (a) LVF and (b) NFX.

Table 5: HOMO-LUMO energy band gap, UV/Vis. absorption wavelengths and corresponding oscillator strengths determined using TD-
SCF-DFT-B3LYP-6-31G.

Com. Band gap (eV) λ1 (nm) λ2 (nm) λ3 (nm) E1 (eV) E2 (eV) E3 (eV) S1 S2 S3
LVF 0.123 416.4 394.0 386.3 2.9773 3.1467 3.2098 0 0.0262 0.0003
NRF 0.141 390.2 360.2 359.1 3.1773 3.4424 3.4529 0.0003 0.0118 0.0609
E1: excited state 1 energy and corresponding wavelength, λ1; oscillator strength, S1. E2: excited state 2 energy and corresponding wavelength, λ2; oscillator
strength, S2. E3: excited state 3 energy and corresponding wavelength, λ3 and oscillator strength, S3.
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5. Conclusion

-e effect of solvent polarity on the absorption and
emission spectra of LVF and NRF were investigated to
estimate dipole moments. -e results indicate that the
emission spectra of both compounds are more strongly
affected than the electronic absorption spectra. -e dipole
moments of LVF and NRF were estimated by Lip-
pert–Mataga, Bakhshiev’s, Kawski–Chamma–Viallet, and
Reichardt methods. -e excited state dipole moments
calculated from experimental results are larger than the
ground state dipole moments indicating that the probe
compounds are significantly more polar in the excited state
than the ground state, and it can also be an indication of
ICT.-e discrepancy in the ground and excited state dipole
moment obtained from different equation are due to dif-
ferent assumption and simplifications that are used in each
method. -e ground and excited state dipole moments of
NRF are larger than that of LVF, and this result may be due
to the structural differences and Onsager cavity radius of
the two drugs. Computational analysis was performed by
Gaussian 09 using DFT methods at B3LYP-3-21G and
B3LYP-6-31G level of theory and the semiempirical MP6
method. -e calculated HOMO-LUMO energy band gap
obtained by all methods is small, and this indicates that
both compounds are highly reactive. Larger dipole mo-
ments were obtained from computational work than from
the experimental results, due to the absence of solvent
effects. In general, the spectral properties observed, the
values of dipole moments, and electronic structures of LVF
and NRF of antibiotic drugs in polar and nonpolar solvents
provide important information about charge distribution
and solute-solvent interactions, which may be useful in the
studying of these molecules in biological systems.
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