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ABSTRACT

This study investigates the photophysical properties of Nile Blue 690 (NB-690) dye
using spectroscopic techniques. Absorption and fluorescence spectroscopy were used
to analyze NB-690, revealing pronounced bathochromic shifts in both absorption and
fluorescence spectra, indicative of the m — m* transition. The study focuses on
estimating ground- and excited-state dipole moments of NB-690 through
solvatochromic shifts in absorption and fluorescence spectra. Various computational
methods, including the Bilot-Kawski approach for ground state dipole moment
computation, and the Reichardt correlation, the Bakhshiev, the Lippert-Mataga, and
the Kawski-Chamma-Viallet methods for calculating the excited state dipole moment,
were utilized. The results demonstrate excited-state dipole moment values of 6.922,
5.529, 5.529, 5.529, and 4.615 D, respectively, using the Lippert-Mataga, Bakhshiev,
Kawski-Chamma-Viallet and solvent polarity correlation approaches. Significantly, the
excited state dipole moment surpasses the ground state dipole moment, attributed to
the significant m-electron density redistribution upon excitation. Intriguingly, both
excited- and ground-state dipole moments align parallel to each other at a 0° angle. In
general, these findings underscore the potential utility of NB-690 in optoelectronic
applications, highlighting its responsiveness to environmental signals and providing
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valuable information for further exploration in the field.
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1. Introduction

Nile blue dye, classified among oxazines, has intriguing
photophysical characteristics, making it indispensable for
various technological applications, particularly in optical and
photonic devices [1-5]. Recent years have seen extensive
research on the spectroscopic behavior of oxazine dyes [1-5]. In
particular, the spectral attributes of Nile Blue and other oxazine
dyes are highly sensitive to their surroundings, making them
valuable in experimental applications and as molecular probes
[6-14]. The molecular structure of Nile Blue encompasses an
electron donor and an electron-withdrawing aromatic system,
forming a push-pull conjugated system with two amino groups
and a heterocyclic oxygen atom bridging the conjugation. Nile
blue possesses hydrogen bond donor/acceptor groups, which
facilitates potential hydrogen bonding in suitable solvents.
Several studies have highlighted the photochemical and photo-
physical properties of these dyes, notably their pronounced
solvatochromism that leads to substantial red shifts in
absorption and emission maxima when transitioning from
nonpolar to polar solvents [15-18].

This solvatochromic behavior stems from the substantial
dipole moment change during electronic state transitions,
which involves charge transfer between the diethylamino
group (acting as an electron donor) and the aromatic acceptor
system. Significant experimental studies have explored the
dipole moments of various fluorescent dyes using methods such
as the solvent shift method [19-24]. Furthermore, recent review
articles provide valuable information on the effects of solvents
on electronic spectra [25]. Spectroscopic methods based on dye
absorption and emission offer qualitative information on
intermolecular interactions, while solvatochromic methods
provide a means of estimating singlet ground- and excited-state
dipole moments, crucial for understanding electronic and
geometric molecular structures in transient states [26-30].

Among the techniques for determining excited-state dipole
moments, the solvatochromic method stands out as the most
widely used, leveraging linear correlations between absorption
and fluorescence maxima, wavenumbers, and solvent polarity
functions derived from quantum mechanical theory. Lippert-
Mataga, Bakhshiev and Kawski-Chamma-Viallet solvent
polarity functions, using the dielectric constant (€) and
refractive index (n) as empirical parameters, are particularly
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Figure 1. Molecular structure of the NB-690 laser dye.

common. These methods not only evaluate dipole moments but
also quantify various solute-solvent interactions, leading to an
improved understanding of spectral property correlations.

Despite extensive research on Nile blue optical properties,
investigating ground-state and excited-state dipole moments in
various liquid media remains a pertinent challenge. This study
contributes by observing and comparing Nile Blue dipole
moments across various solvents, shedding light on the nature
and extent of solvent-solute interactions using multiparameter
solvent polarity scales. Understanding these interactions is
crucial for unraveling the excited state behavior of Nile Blue and
gaining insights into solution chemistry.

Furthermore, understanding how solvents affect electronic
transitions and dipole moments is crucial to unraveling the
excited-state behavior of fluorophores and to gain insight into
solution chemistry, a key aspect explored through solvato-
chromism. Nile blue, among various organic molecules, has
served as a fluorescent probe for over a century, renowned for
its characteristic shift in absorption and emission maxima
towardred in polar environments. This shift indicates a
stabilized charge separation in the excited state, rendering Nile
Blue a valuable tool for monitoring solvent polarity-dependent
events [31-36].

Nile blue also exhibits a higher affinity for cancerous cells
compared to healthy cells and acts as an oxygen photo-
sensitizer, potentially valuable in photodynamic therapy.
However, Nile blue faces limitations in aqueous media because
of its low solubility and quantum yield. To address these
drawbacks, researchers have explored Nile blue derivatives
with enhanced water solubility by introducing water-solubi-
lizing substituents, reducing the aggregation tendency of flat
lipophilic aromatic dyes such as Nile Blue and leading to
improved quantum yields [37-43]. Despite advancements, such
derivatives often lack comprehensive quantum yield data or
detailed experimental synthesis procedures. This study aims to
bridge this gap by focusing on Nile Blue-690 dye and
investigating its photophysical properties through spectros-
copic techniques, with potential applications including
biochemical molecule detection and serving as biological stains,
such as fluorescent lipid probes.

2. Experimental

The Nile Blue 690 (5-amino-9-(diethylamino) benzo(a)
phenoxazin-7-ium perchlorate) used in this study was obtained
from Exciton Chemical Co., USA and used without additional
purification. The molecular structure of the NB 690 dye is
illustrated in Figure 1. The spectroscopic grade solvents used in
our research were purchased from Sigma-Aldrich.

Absorption spectra spanning the 300-700 nm range were
acquired using a UV-vis absorption spectrophotometer (JASCO,
Model V-670). Fluorescence spectra were recorded on a
spectrofluorometer (Horiba, Fluoromax-4) with an integration
time of 0.1 s/nm and 1 nm slit width. A quartz cuvette with a
path length of 1 cm facilitated these measurements. The data
obtained were meticulously analyzed using Origin 19 software.

3. Theory of solvatochromic shift methods
3.1. Bilot-Kawski approach

Bilot and Kawski [44] successfully derived a quantum
mechanical relation using band shifts of absorption (0.) and
fluorescence (0f) recorded in several solvents with varying
permittivity (¢) and refractive index (n). This quantum
mechanical relation enables the representation of the maxima
of absorption (0a) and fluorescence (¥f) using the solvato-
chromism equations. These equations (Equations 1 and 2)
provide a valuable tool for understanding the influence of
solvent properties on the spectral behavior of the solute,
allowing for the quantitative analysis of solvatochromic shifts
in absorption and fluorescence.

U, =0, =my, f(&,n)+ constant 1)
U, +0, ==my, (f(&,n)+2g(n))+constant (2)
2n*+1 e-1 n’-1
where, &,n) = — and
fen) n2+2L~+2 n2+2}
(n)= 3 L are representing the solvent polarit
g 2| (P 2y p g p y

functions by means of the refractive index (n); solvent
permittivity (&), the slopes obtained from Equations 1 and 2 are
mek(1) and msk(z), respectively, by Equations 3 and 4 given
below.

C2p, -u,)

Mygay = hed 3)
2w’ - u)

Mpg 2y = hed 4)

where g, ¢, and h represent the radius of the Onsager cavity, the
velocity of light, and Planck’s constant, respectively.

Dipole moments in both ground (1) and excited states ()
are parallel if the solute molecule's symmetry is same during
the electronic transition [45]. When this occurs, pgand pe are
provided by the following Equations 5-7.

1 = (mBK(Z) _mBKu)) hea’

: 2 2y, (5)
= (mBK(Z) +m31<(1)) hea®

¢ 2 2mgy (6)

(mBK(Z) +m31<(1))
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Normally, the dipole moments (ug) as well as (e), which are
not parallel to each other [45], they make an angle ¢ and
Equation 8 can be used to approximate the angle ¢ between
them.

m
cosg=——| (u,> )= (- %)
2u, 1, Mgk (2) (8)

3.2. Lippert-Mataga, Bakhshiev, and Kawski-Chamma-
Viallet approach

The solvatochromic techniques described by Lippert-
Mataga [46,47], Bakhshiev [48], and Kawski-Chamma-Viallet
[24] were represented as Equations 9-11, respectively, and can
be employed to determine the experimentally measured dipole
moments of the ground and singlet excited states. These
equations provide a quantitative approach to relate solvato-
chromic shifts in absorption or fluorescence to changes in the
dipole moment of the solute molecule. Using these solvato-
chromic techniques, the study aims to derive the dipole
moments of both the ground and singlet excited states through
experimental measurements.

v, =0, =my, F, (& n)+ constant 9)
U, —U; =myFy(&,n)+constant (10)
v, +0,
2 5 L = —myp, Fyoy (£,n) + constant (11)
where
2, —py)
2 (12)
2
C2(u, - py)
" e (13)
2 )
Myey ST el (14)

From the graphs of (0a - Uf) versus Fim, F, and (0a + 0r)/2
versus Fcy yields the slopes, ms, miv, and mgcy are obtained
respectively from Equations 12-14. Solvent polarity functions
Fg, Fim, and Fxcy provided by Equations 15-17,

e-1 n’-1
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3.3. Investigational measured microscopic solvent polarity
parameter approach

The experiential microscopic solvent polarity parameter
scaleE;V, proposed by Reichardt [29], has been found to
correspond more accurately with the spectral shifts of

molecules compared to methods based on bulk solvent polarity.
There exists a relationship between the spectral shifts and the

microscopic solvent polarity parameter E;V , which is described

by a specific relation given by Equations 18 and 19,

D, —U, = myE; + constant (18)

2 3
where, =11307.{[A“] [‘Lﬂ) } (19)
Ay a

where, ‘a’ and ‘as’ are the relative Onsager radii of the target
molecule and the Betaine dye, respectively [49], Au and Aupare
the changes in the probe's dipole moment caused by excitation
and that of the Betaine dye. The values for Ausand ashave been
reported 9D and 6.2 A, respectively. The E;V, the normalized

polarity function of the solvent suggested by Reichardt [29] is a
dimensionless solvatochromic constraint defined based on the
absorption wave number Uaof a standard the Betaine dye in the
solvent is given by Equation 20.

ET(Solvent) —ET(TMS) _ ET(Salvent) -30.7 (20)
E Water)~ [ _(TMS) 324

N
ET

By employing these values, Equation 21 may be used to
determine the difference between the dipole moments of the
ground and excited states;

my, x81

3
(QJ 11307.6
a

Ap=p, —p, = 1)

where, mr denotes the slope of polarity function of solvent E;V

vs. Stokes shift. Tetramethylsilane (TMS) is commonly
represented by the abbreviation TMS. In the context of the
empirical solvent polarity parameter, Et (solvent), the value
ranges from 0 to 1.000, with TMS having a lower value, and
water being highly polar with a value of 1.000. These variable
values can be used in Equation 21 to estimate the change in
dipole moments of the solute molecule.

The spectral properties of the dye were correlated with an
index of solvent dipolarity/polarizability to measure a charge
or dipole through nonspecific dielectric interactions (m*),
indices of hydrogen bond donor (HBD) strength (a) and
hydrogen bond acceptor (HBA) strength () using the multiple
linear regression method proposed by Kamlet et al. according
to Equation 22 [50],

y=y, +taa+bf+cx’ (22)
where, yo is the relevant spectroscopic property in the gas
phase and y is the spectroscopic property of interest. The
coefficients a, b, and c represent the HBD, HBA, and nonspecific
dielectric interactions of the solvents, respectively.

3.4. Determination of Onsager cavity radius

Using Equation 23 [33], the Onsager cavity radius ‘a’ of NB-
690 dye was calculated and given by

1

3

az| M (23)
47pN ,

where, p is the density, M is the molecular weight of the
molecule, and Nais Avogadro’s number.
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Figure 2. (a) Absorption spectra in different solvents, (b) Normalized absorption and emission in alcohols, and (c) Normalized absorption and emission in general

solvents.
4. Results and discussion

4.1. Effect of solvents on absorbance and fluorescence
spectra

The absorption spectrum of Nile Blue-690 typically shows
peaks (Figure 2a) in two significant regions: one spanning from
approximately 200 to 350 nm and another from 550 to 650 nm.
The absorption peak observed in the 250 to 350 nm range can
be attributed to T — 1* transitions, where electrons are excited
from the highest occupied molecular orbital (HOMO) to the
lowest unoccupied molecular orbital (LUMO) within the dye
molecule. This transition probably occurs due to the presence
of conjugated m-systems within Nile Blue’s chemical structure,
facilitating electronic excitation. Conversely, the absorption
peak in the 550 to 650 nm range may result from charge-
transfer transitions, where electrons move between different
regions of the molecule containing heteroatoms like nitrogen or
oxygen. Factors such as solvent, environment, concentration,
and molecular interactions can influence the exact positions
and intensity of these absorption peaks. Therefore, the
absorption spectrum of NB-690 reflects its complex electronic
structure and its interaction with surrounding molecules,
offering valuable information for various analytical and
research endeavors.

The study involved examining the steady-state absorption
and fluorescence spectra of the NB-690 dye across a spectrum
of solvents with varying polarities. Figures 2b and 2c illustrate
the typical absorption and fluorescence spectra observed in
different alcohols and general solvents. Table 1 summarizes the
absorption and emission maxima of NB-690 dye in these

solvents, quantifying the shifts in the spectra in terms of
wavenumber (cm-1). The absorption maxima ranged from 614
to 638 nm, indicating a wavelength shift of 24 nm. Similarly, the
fluorescence spectrum maxima ranged from 645 to 682 nm,
demonstrating a shift of 37 nm compared to the absorption
spectra.

In polar liquids (ethanol to decanol), the absorption
maximum demonstrates a red shift from 627 to 630 nm,
indicating a bathochromic shift. The behavior of Nile Blue
organic dye in various solvents, particularly concerning the
shifts in absorption and fluorescence maxima, can be elucidated
through an understanding of solvent polarity and its interaction
with dye molecules. In less polar solvents such as alcohols, the
absorption maxima exhibit minimal shifts due to weak
interactions with the dye’s chromophore. In contrast, polar
solvents induce larger shifts in absorption maxima as a result of
stronger interactions that alter the energy levels of electronic
transitions within the dye. Interestingly, while fluorescence
maxima in alcohols show a large shift, indicative of the influence
of the solvent's polarity on the excited-state energy levels of the
dye, highly polar solvents may exhibit small shifts in
fluorescence maxima. This phenomenon arises from the
stabilizing effect of polar solvents on the excited state of the dye,
mitigating significant changes in the wavelengths of
fluorescence emission [51].

The Stokes shift demonstrates a range from 1084 to 698
cm? as the solvent polarity changes, as indicated in Table 1.
This variance in the Stokes shift signifies adjustments in the
geometric configuration of the dye when it electronically
transitions to an excited state.
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Table 1. Spectral and photophysical parameters of the NB-690 dye in various solvent polarities.

Solvents Aabs Aemi Va Of Va + Of Va -Uf (Va +01)/2

(nm) (nm) cm-1 cm-1 cm-1 cm-1 cm-1
Toluene 614 645 16286 15503 31789 783 15895
THF 628 655 15923 14814 30737 1109 15369
Decanol 630 659 15873 15174 31047 699 15523
Octanol 630 663 15873 15082 30955 791 15477
Hexanol 630 669 15873 14947 30820 926 15410
Butanol 629 675 15898 14814 30712 1084 15356
Ethanol 627 662 15948 15105 31053 843 15527
Acetonitrile 632 674 15822 14836 30658 986 15329
DMF 636 677 15723 14771 30494 952 15247
DMSO 638 682 15673 14662 30335 1011 15168
Table 2. Solvent parameters and calculated values for solvent polarity functions.
Solvents n € o * B E) f(e,n) g(n) f(e,n)+2g(n) Fm(g,n) Fg(g,n) Fkcv(g,n)
Toluene 1.497 2.38 0.00 0.54 0.11 0.099 0.029 0.335 0.699 0.013 0.029 0.349
THF 1.407 7.58 0.00 0.58 0.55 0.207 0.549 0.277 1.102 0.210 0.549 0.551
Decanol 1.437 8.00 0.70 0.45 0.70 0.525 0.553 0.296 1.145 0.204 0.553 0.573
Octanol 1.429 9.80 0.77 0.40 0.81 0.537 0.613 0.291 1.196 0.222 0.614 0.598
Hexanol 1.418 13.00 0.80 0.40 0.80 0.559 0.686 0.284 1.254 0.243 0.686 0.627
Butanol 1.399 17.40 0.84 0.84 0.47 0.586 0.749 0.271 1.292 0.263 0.749 0.646
Ethanol 1.369 24.30 0.86 0.54 0.75 0.654 0.809 0.251 1.311 0.286 0.809 0.656
Acetonitrile 1.344 36.64 0.19 0.75 0.40 0.460 0.861 0.234 1.329 0.305 0.861 0.665
DMF 1.430 38.25 0.00 0.88 0.69 0.386 0.839 0.292 1.423 0.275 0.839 0.711
DMSO 1.359 47.24 0.08 0.71 0.76 0.355 0.877 0.244 1.366 0.304 0.877 0.683

The considerable alteration in the geometry of the ground
state of the dye in response to varying solvent polarities implies
a range of solute-solvent interactions in both the ground and
singlet excited states. The influences of the solvent lead to
notable adjustments in the shape, intensity, and position of the
absorption and fluorescence bands, providing information on
whether the solvent is more stabilized in the ground or excited
state [52]. Table 2 presents Reichardt parameters, specific
physical constants, and calculated functions, including Fim(g, n),
Fg(e, n), and Fkcv(e, n). In these scenarios, the energy in the
excited state is more influenced than that in the ground state.
Given the greater stability of NB-690 in the relaxed excited state
(S1) compared to the ground state (So), it is expected that the
ground state dipole moment will be lower than the excited state
dipole moment. Positive solvatochromism is often observed
during excitation when the solute’s dipole moment increases

(g < pe) [33].
4.2. Specific interactions of the solute and solvent

The specific interactions between the solute (NB-690 dye)
and the solvent were analyzed using the Kamlet-Abboud-Taft
(KAT) method. This approach involves examining various
solvent parameters, including hydrogen bond donor ability («),
hydrogen bond acceptor ability (), and dipolarity/
polarizability (1*), to understand their influence on the spectral
properties of the solute. From the results obtained through
multiple linear regression analysis (yo = 549, a = 560, b = 545,
and c = 349), along with the correlation coefficients, it was
observed that the values of a and f of the solvents have a more
significant impact on the absorption maxima, fluorescence
maxima, and the shifts of the spectral band compared to
dipolarity/polarizability (m*). This suggests that specific
interactions, particularly those involving hydrogen bonding,
play a crucial role in determining the spectral behaviour of the
NB-690 dye in different solvent environments.

The higher contribution of a and 8 of the solvents implies
that specific interactions dominate over nonspecific dielectric
interactions in influencing the spectral properties of the NB-
690 dye. Therefore, changes in the Stokes shifts, which reflect
adjustments in the dye's geometric configuration upon
electronic transition, are primarily controlled by the hydrogen
bond donor and acceptor abilities of the solvent. In general, the
analysis indicates that understanding the specific interactions
between NB-690 dye and solvents, particularly hydrogen

bonding, is essential to elucidate the solvatochromic behavior
observed in the study. This knowledge provides valuable
information for tailoring solvent environments to control the
spectral characteristics of the NB-690 dye for various
applications.

4.3. Estimation of ground and excited state dipole moment

In solvatochromism, the spectrum shift is predominantly
influenced by solute-solvent interactions, particularly the
dielectric constant and the refractive index of solvents. Shifts in
a specific type of interaction are attributed to solvent n-donor,
m-donor, hydrogen bonding, and other factors. The Bilot-
Kawski correlations (Figure 3) use slopes (mi) and (mz) to
determine both the ground state dipole moment and the excited
state dipole moment using Equations 5 and 6, respectively. The
solvatochromism technique, correlating Stokes shift and
solvent polarity using Lippert-Mataga (Equation 9), Bakhshiev
(Equation 10), Kawaski-Chamma-Viallet (Equation 11), and
Reichardt correlation (Equation 18), is employed to estimate
the ground state dipole moment and that of the excited state.
The graphs of (0a- Of) vs. Fim, Fs, and (0a+0¢)/2 vs. Fkcvyield the
slopes mim, mp, and mecvfrom Equations 12-14. Solvent polarity
functions Fim, Fp and Fkcv are provided by Equations 15-17.
Table 3 presents the slopes (mwu, ms, mkcv, and mg), correlation
coefficients (R?), and the intercepts obtained by linear
regression for these correlations. Some solvents deviate from
linear fits (Figure 4), possibly due to close proximity
interactions between the solute and the solvent.

The empirical determination of the dipole moments is
carried out using solvent correlation techniques. Ground and
excited state dipole moments (ug and pe) are estimated and
presented in Table 4. The singlet excited-state dipole moment
values are calculated from the slopes of Bakhshiev, Lippert-
Mataga, Kawski-Chamma-Viallet, and Reichardt correlations
(ms, mi-m, mk-c-v, and mg). The Onsager cavity radii of the NB-690
dye were determined using Edwards' atomic increment
approach. Furthermore, a remarkable consensus was observed
among the calculated excited state dipole moments using
various solvent correlation techniques, including the Reichardt
microscopic solvent polarity correlation approach, Bakhshiev,
Kawaski-Chamma-Viallet, and Lippert-Mataga methods. It
should be noted that the Lippert-Mataga approach yields a
larger p. value compared to other methods due to the omission
of polarizability when assessing the impact of the solute [52].
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Table 3. Linear plot data for NB-690 obtained from different correlation methods.

Methods Slope Intercept Correlation coefficient (R?) Number of data points
Bilot-Kawski 437 (m1) 653 0.953 7

Bilot-Kawski 2074 (mz) 33035 0.954 9

Lippert-Mataga 1295 (mum) 648 0.913 8

Bakhshiev 438 (ms) 665 0.922 8

Kawski-Chamma-Viallet 2075 (mxcv) 16650 0.965 9

Reichard 637 (mg) 614 0.974 8

Table 4. Ground- and excited-state dipole moments of NB-690 obtained from different correlation methods.

Exited state dipole moment, p. (D) Ground Change in dipole moment, Ratio of Angle Onsager

state dipole Ap (D) excitedand between  cavity
moment, ground state peand pg  radius ‘a’
ug (D) dipole (®) A
moment
Lippert- Bakshiev's Kawski- Bilot- Solvent Bilot- Solvatochromic  Solvent Pe/Hg
Mataga Chamma- Kawski polarity Kawski equation polarity
Viallette's parameter equation
EN EN
6.922 5.529 5.529 5.529 4.615 3.623 1.905 0.991 1.526 0 4.390
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Figure 3. Linear plots of the Bilot and Kawski correlation for the NB-690 dye.

On the other hand, the dipole moments measured through
the Bakhshiev, Kawski-Chamma-Viallet, and Solvatochromic
method approaches demonstrate good agreement. The solvent
polarity parameter typically results in a lower pe value than the
Bakhshiev, Kawski-Chamma-Viallet, and solvatochromic
methods, possibly because these methods do not consider
specific solute-solvent interactions such as hydrogen bonding,
complex formation, and solvation molecular features, which are
accounted for in the solvent polarity parameter method [53].

The ground state dipole moment () is estimated using
Equation 5 and was found to be 3.623 D, which is in good
agreement with the theoretical value obtained in the literature
using DFT calculations [53]. The ratio of the dipole moment in
the excited state to that in the ground state is calculated to be
1.526. In particular, the positive dipole moment difference
between the two electronic states (Ap > 0) and the ratio greater
than unity (pe/pg > 1) suggest a significant charge distribution
in the singlet excited state, indicative of involvement in the
Intramolecular Charge Transfer (ICT) process. The higher
dipole moment value in the singlet excited state than in the
ground state implies a more pronounced polarization of the
molecule in the former state.

The relatively small difference between the ground and
excited-state dipole moments of Nile Blue dye can be attributed
to several factors related to its molecular structure and
electronic configuration. This includes the likely symmetrical
molecular structure or minimal structural changes upon
excitation, as well as the electronic configuration that does not
undergo significant rearrangements upon excitation, leading to
a stable dipole moment. Additionally, if the dye contains

conjugated systems, such as alternating single and double
bonds, the distribution of electron density across the molecule
may remain relatively constant between the ground and excited
states. Moreover, the solvent environment and molecular
interactions also play a role in influencing the dipole moment
difference, with factors like solvent polarity, nearby molecules,
and specific molecular configurations contributing to the
observed dipole moment values. This underscores the strong
solute-solvent interaction in each molecule, which results in a
broad charge distribution in the excited singlet state [54,55].

5. Conclusions

In conclusion, our extensive investigation of Nile Blue-690
dye has provided significant insight into its behavior under
varying solvent conditions. Through rigorous experimental
techniques and the application of solvatochromic shift methods,
we have elucidated key aspects of the molecule's physico-
chemical properties. Our findings indicate a distinct disparity
between the ground and excited-state dipole moments of NB-
690. Specifically, the excited-state dipole moment consistently
exceeds its ground-state counterpart across multiple
correlation techniques. For instance, employing Bilot-Kawski's
approach, the ground-state dipole moment is estimated at
3.623 Debye (D), while the excited-state dipole moment,
determined through Lippert-Mataga, Bakhshiev, Kawski-
Chamma-Viallet, and Reichardt correlations, consistently
surpasses this value. These observations carry significant
implications, particularly in the context of optoelectronics.

2024 - European Journal of Chemistry - CC BY NC - DOI: 10.5155/eurjchem.15.2.178-185.2533



184 Hirematada et al. / European Journal of Chemistry 15 (2) (2024) 178-185

1100{ @

1000 |

900

V-V (cm™)

800

700

600 T T T T T T T
000 005 010 015 020 025 030 0.35

Fiu(en)

160001 C

15800 4

15600 4

15400

(v,+v,)i2 (em"")

15200 4

030 035 040 0.5 050 055 0.60 0.65 0.70 0.75

Frev(en)

1100

1000

900

V.-V (cm)

800 -

700 4

600 T T T T T
0.0 0.2 0.4 0.6 0.8 1.0

Fg(e,n)

1100

1000

900

800

V-V (cm)

700

600 T T T T T T T

Figure 4. Linear plots of (a) Lippert-Mataga, (b) Baksheiv, (c) Kawaski-Chamma-Viallet, and (d) Reichard correlation for NB-690 dye.

The increased sensitivity of NB-690 to solvent polarity
variations suggests its potential utility in optoelectronic
applications where environmental responsiveness is crucial.
Furthermore, our findings underscore the need for further
theoretical refinement, as discrepancies between experimental
and theoretical values necessitate deeper investigation and
model enhancement. In summary, our investigation has
contributed valuable information on the solvatochromic
behavior of the Nile Blue-690 dye. Moving forward, these
findings pave the way for continued exploration and
exploitation of the unique properties of NB-690 in diverse
scientific and technological endeavors.
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