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This chapter is mainly focused on comparative study of Reline and conventional solvents (water
or methanol) on the fluorescence behaviour of RB has been performed with or without GO. The
study was extended by either adding water to the pure Reline or by partial replacement of urea
with glycerol. These changes are applied to make Reline more appropriate to dissolve both types
of ionic surfactants (anionic or cationic). The role of ionic surfactant on RB-GO interaction
(photophysical behaviour) has also been studied to get insight into controlling the transport of RB

towards GO surface with a concomitant modification in the photophysical process.
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5.1 Introduction

In the last decades, fluorescent chemo-sensors have been preferred over other
conventional analytical tools due to their better sensitivity and selectivity [1-3]. Rhodamine dyes
(Rhodamine B (RB) and derivatives) have been widely used in single-molecule detection,
fluorescence levelling, or for DNA sequencing [4,5]. The choice of solvent medium and dye
concentration is a pre-requisite for the specific use. In the past, the majority of the work addressed
individual solvent effects with a limited concentration range [6-8]. In a later study, it has been
reported that solvent polarity affects the linear and non-linear properties of the chromophores [9].
The photophysical properties of rhodamine dyes made them important members of laser
dyes [10]. The association behaviour of ionic dyes is distinctly influenced by several factors such
as concentration, pH, temperature, and nature of the medium [11-14]. In a few studies, it has
been shown that solvent nature governs the photophysical process shown by fluorescent

molecules with or without nanomaterials of the graphene family [15-18]. Therefore, a wider
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window exists to investigate the photophysics of the systems involving carbon-based nanomaterial,

dye molecules, and solvents with a mechanism of fluorescence modulation.

In light of the above facts, the role of solvent is decisive in molecular-level interactions of
chromophores with biomolecules [19]. As discussed in previous chapters, deep eutectic solvents
(DESs) have many characteristics analogous to conventional ILs [23]. Since ILs are reported to
form mixed micelles with surfactants, one can expect DES-inspired modification of the solution
behaviour of a surfactant [24-26]. DES can be an alternative to conventional solvents and ionic
liquids themselves as they are cheaper, non-toxic, easy to prepare, non-volatile, and non-
flammable [22,27]. Among the various investigated DES, reline (ChCl: urea, 1:2 molar ratio) is the
most important member from the point of view of investigations and applications in various
fields [28-32]. In Reline, ChCl acts as hydrogen bond acceptor (HBA) and urea as hydrogen bond
donor (HBD), with hydrogen bonding interactions at the level of the chloride ion and urea [33].
Recently, research has been performed to investigate the role of water addition in changing the
characteristics of Reline (as solvent) [33-36]. To the best of our knowledge, there are only a few
reports on the role of DES in the modulation of the photophysical behaviour of
fluorophores [37-40].

Graphene oxide (GO) has been reported both as a quencher and enhancer of fluorescence
for various materials [18,41—44]. This may be due to the presence of epoxy and hydroxyl groups
in its basal planes and acidic groups in the peripheral region, which impart interactivity with
solvents and fluorophores. Presently, researchers are exploring the synergistic effects of GO and
solvent on the photophysical processes by changing solvent nature and GO doses [18,19,45—47].
The presence of surfactant in solution is known to change the behaviour and interaction with dyes
in an aqueous medium [48-52]. In a recent report, the transport of amphiphilic molecules to GO
surface using mixed surfactant aggregates was investigated [53]. However, the role of surfactant
in modifying the GO-dye interactions (in DES) has not been studied a single time. Fluorescence
measurements could be an ideal technique for the study of zz-sit« functionalization of GO in the

presence of RB/DES or surfactant [54].

The above facts inspired us to investigate tuning of the fluorescence behaviour of RB in
DESs and its potential improved sensing (as tracer) application. In this chapter, a comparative
study of Reline and conventional solvents (water or methanol) on the fluorescence behaviour of
RB has been performed with or without GO. The study was extended by either adding water to
the pure Reline or by partial replacement of urea with glycerol (ChCl: urea: glycerol, 1: 2-x: x, where

x=0.5/1) [55,56]. These changes are applied to make Reline more appropriate to dissolve both
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types of ionic surfactants (anionic or cationic). The role of ionic surfactant on RB-GO interaction
(photophysical behaviour) has also been studied to get insight into controlling the transport of RB
towards GO surface with a concomitant modification in the photophysical process. For this
purpose, two ionic surfactants, sodium dodecyl sulfate (SDS, anionic surfactant) and
cetyltrimethylammonium bromide (CTAB, cationic surfactant), are employed to modify DES
media. Tonic surfactants are well-known for the modification of solution properties [57—62]. The
study may help in developing the procedure for sustained transport of other amphiphilic molecules

(drugs or pesticides) [63,64].

5.2 Experimental section

The materials and methods used are discussed in chapter 2.
5.3 Results and Discussion

5.3.1 RB absorption spectra in Reline

UV-Vis. absorption study of RB (3x10* Mdm™) has been performed in Reline with or
without the addition of GO and spectra are shown in Figure 5.1. An intense peak has been
observed at 557 nm with an insignificant hump (Awump ~ 520 nm) in the blue region side. Such
peaks for the aqueous solution of RB were observed for the monomeric state in the past [65,60].
Aggregation behaviour of RB has been reported in a recent study but [RB] of the present study
rules out safely any possibility of aggregation [67]. In another study on the solvent effect, it has
been reported that RB A increases from 550 nm to 560 nm as one passes from water to
dichloromethane (DCM) to N, N-dimethyl formamide (DMF) [68]. Though Reline has been
reported as basic in nature, Am. of RB in Reline falls between water and DMF with no significant
shift from conventional solvents [69]. Even in the presence of GO (Figure 5.1), there was no
noticeable change in Am.. However, a fall in absorbance seems directly dependent on the amount
of GO taken into the system. This behaviour can be understood in light of the fact that Reline
(basic medium) may cause deprotonation of both RB and GO. The interaction between RB and
GO will be governed by three interactive forces, namely: i) the strong interaction of iminium with
an augmented charge on the GO surface (due to deprotonation); ii) the presence of an electron-
deficient ring system in RB may provide additional n-n interactions with the GO surface, and iii)
the repulsive interaction between deprotonated acidic groups of both RB and GO. The fall of
absorbance (in Figure 5.1) with the content of GO can be interpreted in terms of the dominance
of the above first two factors over the last one. A similar explanation has been given for the binding

of RB with the GO surface by varying the aqueous pH [70].
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Figure 5.1: Absorption spectral profile of thodamine B (RB, 3x10*Mdm”) in Reline with or
without graphene oxide (GO, 0 to 100 ug/ml) at 30°C.

5.3.2 Fluorescence spectra of RB

5.3.2.1 RB in Reline with and without second HBD (water or glycerol)

To exploit DES’s solvent properties, researchers are varying the nature of both HBA and
HBD [38,71-73]. The photophysical process in such designer solvents is an entirely new
development, though such behaviour has been studied both with water and polar/non-polar non-
aqueous solvents [68]. Figure 5.2 (a-c) shows the comparative behaviour of the variation of
fluorescence intensity of RB (3x10* Mdm™) in terms of putre conventional solvents (water and
methanol), Reline, and Reline + second HBD (water or glycerol). The [RB] has been decided on
the basis of the concentration effect on fluorescence in three different solvents (water, methanol,
and Reline, Figure 5.3 (a-c), supplementary information). Peak wavelengths (Am) for water and
methanol are similar as observed earlier [74]. It has been observed that the appearance of the
above peak is dependent on the nature and concentration of solvent and fluorophore,
respectively [17,67]. In this context, Aem of RB in Reline has been found red-shifted. This may be
due to the presence of a polar hydroxyl group and a non-polar alkyl chain in one of the components
of Reline (ChCl). This structural feature may play a role in interaction with RB. This interpretation

finds support from an earlier report where the chain length effect of alcohol and the consequent
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red shifting in Aen were observed [7,75-77]. To get further insight into the designer solvent effect,
Reline has been modified by adding a third component (water or glycerol), and fluorescence data
are also presented in Figures 5.2 (b & c). Figure 5.2 (b) shows a decrease in fluorescence
intensity with a minor red shift in Acm. By perusal of Figures 5.2 (a & b), one can observe
fluorescence intensity differences for pure water and pure Reline, and obviously, a water-Reline
mixture will give intensities in between the above two pure solvents. This is indeed observed in
Figure 5.2 (b). Interactions between Reline components diminished gradually as the water was
added [33,34,78]. It may be mentioned here that the pH of Reline moves towards neutrality (from
basic, vide supra) on water addition (Table 5.1, supplementary information). Probably, these two
factors are responsible for the solvation of RB and bathochromic shift in A, with water
addition [79]. Figure 5.2 (c) shows partial replacement of the urea component of Reline with
glycerol (another HBD). To our surprise, a hypsochromic shift was observed in Aem together with
enhanced fluorescence intensity of RB by partially replacing the urea component of Reline
(1:1.5:0.5, CUG-1, and 1:1:1, CUG-2). However, CUG-1 shows a relatively greater enhancement
than CUG-2. The trend continues when urea is completely replaced by glycerol (Glyceline) [80].
Since the chloride ion (of ChCl) is involved in forming hydrogen bonds with HBDs (urea, glycerol,
or water), the RB interaction (through an iminium group) with Cl would depend upon the effective
negative charge left on Cl after the formation of H-bonds. If we compare pure Reline and
Glyceline, four hydrogens of NH; (due to two moles) groups are available with urea in comparison
to two hydrogens (due to two moles) of glycerol [81]. Therefore, the magnitude of H-bonding
interaction with CI will be more leaving less negative charge in comparison to Glyceline. If this is
correct, then a higher magnitude of negative charge will be available in case of Reline to interact
with RB. Hence, more [RB] will be available in the background solution of Reline in comparison
to Glyceline. Therefore, higher fluorescence intensity is expected with Reline in comparison to
Glyceline. This indeed was observed in Figure 5.2 (c). Moreover, in the case of CUG-1 and CUG-
2, effectively four hydrogen atoms and three hydrogen atoms are available respectively to interact
with CI of ChCl. With CUG-1, steric hindrance will also work against RB interactions with CI.
Hence, more RB will be available in the background solution in the case of CUG-1 than CUG-2.
These reasonings will be responsible for more enhanced fluorescence intensity with CUG-1 as

observed in Figure 5.2 (c).
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Figure 5.2: Emission spectra of RB (3x10* Mdm™) in (a) Pure solvents (water, methanol or
Reline), (b) Reline + water (0 to 25% (v/v)), and (c) Reline with and without glycerol (ChCl: U:
Glycerol, 1:2-x:x, x=0 (Reline), x=0.5 (CUG-1), x=1 (CUG-2), x=2 (Glyceline)).
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Table 5.1: Different DESs, components, molar ratio, and their respective pH.

DESs Components Molar ratio pH
Reline ChCl: Urea 1:2 10.38
CUG-1 ChCl: Urea: Glycerol 1:1.5:0.5 9.15
CUG-2 ChClI: Urea: Glycerol 1:1:1 9.80
Reline+ water Reline: Water 75%:25% (v/v) 10.33
Glyceline 7 ChClI: Glycerol 7 1:2 4.0
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Figure 5.3: Emission spectra of different concentration of RB (1x10*to 3x10*Mdm™) in (a)

Water, (b) Methanol, and (c) Reline at 30°C.
5.3.2.2 RB in Reline with and without ionic surfactants

Spectroscopic investigation in an aqueous solution of rhodamine dyes with ionic
surfactants has been reported in the past [82]. It has been found that various factors (charge, type,
chain length, and molecular structure of surfactant/dye) influence the interaction of fluorophores
with surfactant assemblies. Recently, micellization has been reported in DES media without
throwing any light on changes in the photophysical behaviour of fluorophores [83—85]. Critical
micelle concentration (CMC) in Reline-water (5 wt.%) mixture has been found ~13 mMdm™ [86].
Effects of two concentrations of SDS (10 mMdm™ and 15 mMdm™, below and above CMC,
respectively) have been seen and spectra are shown in Figure 5.4 (a & b). It can be seen that
fluorescence intensity has increased along with a hypsochromic shift. However, concentrations
above CMC (15 mMdm™) show no Aen change with lower intensity in compatison to 10 mMdm™
SDS. There is a probability of binding DS" monomer with RB from the iminium ion side with a
simultaneous withdrawal from the Reline. Moreover, when micelles are present (at 15 mMdm™),
one can expect RB solubilization in the interior of anionic SDS micelles. This may be due to both
electrostatic and hydrophobic interactions of RB with micelles. In the latter case, the distribution
of RB between micelles (by micellar solubilization) and background Reline solution will take place
and be responsible for the fluorescence quenching as shown in Figure 5.4 (a) (15 mMdm
’SDS) [87]. It may be mentioned here that CTAB has been found sparingly soluble in Reline, and

therefore the effect of CTAB micelles on the fluorescence behaviour of RB could not be
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studied [86]. To make a parallel experiment with CTAB, the urea proportion of Reline was
gradually replaced with glycerol and the fluorescence behaviour of RB is depicted in Figure 5.4
(b). The presence of CTAB micelles causes fluorescence enhancement, which can be interpreted
in terms of repulsive interactions between the positive charge of the micelle and the positive
iminium group of the RB. This repulsive effect hinders micellar solubilization of RB and is

responsible for the above effect.
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Figure 5.4: Emission spectra of RB (3x10*Mdm?) in (a) Reline with (below (10 mMdm?) or
above CMC (15 mMdm™)) and without SDS, and (b) CUG-1/CUG-2 with and without CTAB
(2 mMdm™).
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5.3.2.3 RB in Reline with and without GO

GO has been known for quenching the fluorescence intensity of various classes of
compounds such as organic dyes, quantum dots, or fluorescent sensors [88—90]. GO-driven
fluorescence quenching occurs due to several interactions, such as H-bonding, Coulombic
interactions, and/or n-m interactions with fluorophores. The basic medium provided by Reline can
deprotonate both RB and GO surfaces. In addition, RB contains an electron-deficient ring and a
positive iminium group. Therefore, the deprotonated acidic group of GO will interact with RB dye
and be responsible for the gradual quenching effect of GO. This indeed is observed in Figure 5.5
(a). Fluorescence data with 5 pg/ml GO with varying amounts of water in a Reline-water mixture
(within the eutectic range) are shown in Figure 5.5 (b). Even the presence of water shows a similar
quenching effect as was observed in the case of GO addition (Figure 5.5 (a)). However, the case
of gradual urea replacement with glycerol will create a situation in which extra two OH groups
(which are not H-bonded with CI' of ChCl) will try to form H-bonded structure with the GO
network and hinders the movement of RB towards the GO surface due to already coverage by
CUG-1 or CUG-2. Within CUG-1 and CUG-2, both steric hindrance and coverage of the GO
group by OH of glycerol in the case of CUG-1 will restrict the movement of RB towards the
CUG-1 or GO surface. Therefore, fluorescence intensity would be higher with CUG-1 in

comparison to CUG-2. In fact, the data in Figure 5.5 (c) are in conformity with the above

interpretation.
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Figure 5.5: Emission spectra of RB (3x10* Mdm™) with GO in (a) Reline (GO varies from 0 to
100 pg/ml), (b) Reline with and without water (0 to 25% (v/v)) having 5 ug/ml GO, and (c)
Reline, CUG-1 or CUG-2 with 5 ng/ml GO.

5.3.2.4 RB in Reline with both GO and an ionic surfactant

Fluorescence data in the combined presence of both GO and SDS (10 mMdm™ and 15
mMdm”) show lower intensity than without GO. In the presence of GO, one can expect RB
distribution both in the micelle and at the GO surfaces. Further, in the presence of monomeric
SDS, ion-pair formation between SDS monomer and RB (with a negative acidic group) will restrict
RB interactions with GO due to Coulombic repulsion. The above ion pairs will impart a higher

fluorescence intensity to the system than without GO (Figure 5.6 (a)). A similar interpretation
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are present in CUG-1 and CUG-2, higher fluorescence intensities result in comparison to those
without CTAB (Figure 5.6 (b)). Cationic micelles will compete with RB for the GO surface and
force the RB molecule to remain in the background solution, which is responsible for higher
fluorescence intensity. However, the CTAB effect was less remarkable in comparison to anionic
SDS. Probably, ion pair formation of DS™ with iminium group of RB will restrict their motion
towards GO surface or Reline surface. A good comparison could result when both SDS and CTAB

are dissolved in a common DES.
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Figure 5.6: Emission spectra of RB (3x10* Mdm™) with and without 5 pg/ml GO in (a) Reline
+SDS (below (10 mMdm™) or above CMC (15 mMdm™)), and (b) CUG-1/CUG-2 with and
without CTAB (2 mMdm”™).

Ph.D. Thesis of Vishwajit R. Chavda 121 |Page



Chapter 5: GO/surfactant inspired photophysical 5,
modulation of dye in DESs with or without additives

quE um%
¥oogyg 0%

&
2

5.4 Conclusion

In conclusion of this chapter, RB fluorescence can be significantly modulated
(enhanced/quenched) both in the presence of a surfactant or GO. Data show that SDS (< CMC)
enhances RB fluorescence ~ 1.6 times more than in pure Reline + GO system. Probably, the basic
natute of Reline produces RB zwitterion which can form ion pair with DS” monomer (RB" - DS)
and restrict its interaction to GO surface (due to similar negatively charged deprotonated acidic
group in RB and GO). The fluorescence intensity depends on the [RB] at the GO surface, at the
Reline surface, in the background solution, or in negatively charged ion-pair form. The RB" - DS
form can be used as a model for a sustained movement of similar materials (drugs, dyes, proteins,
etc.) towards their delivery sites. Strategies used here may find potential applications in chemical

sensors, delivery vehicles or in biotechnology.

Ph.D. Thesis of Vishwajit R. Chavda 122 |Page



Chapter 5: GO/surfactant inspired photophysical
modulation of dye in DESs with or without additives

IRAO 4
S8 My,
%,

quE MAH4p,
4'/4
@ &
\"
Faoyyg 10

|

&
4

5.5 References

[12]
[13]

[14]

[18]

[19]

S. Suguna, C. I. David, J. Prabhu, and R. Nandhakumar, Materials Advances.

C. Immanuel David, N. Bhuvanesh, H. Jayaraj, A. Thamilselvan, D. Parimala Devi, A. Abiram, J.
Prabhu, and R. Nandhakumar, ACS Omega (2020).

K. Maiti, A. K. Mahapatra, A. Gangopadhyay, R. Maji, S. Mondal, S. S. Ali, S. Das, R. Sarkar, P.
Datta, and D. Mandal, ACS Omega 2, 1583 (2017).

M. Fontaine, W. F. Elmquist, and D. W. Miller, USE OF RHODAMINE 123 TO EXAMINE
THE FUNCTIONAL ACTIVITY OF P-GLYCOPROTEIN IN PRIMARY CULTURED
BRAIN MICROVESSEL ENDOTHELIAL CELL MONOLAYERS, 1996.

H. Matinhomaee, J. Ziaolhagh, M. A. Azarbayjani, and M. Piri, Effects of Boldenone Consumption
and Resistance Exercise on Hepatocyte Morphologic Damages in Male Wistar Rats, 2014.

M. Terada and J. Muto, Opt Commun 59, 199 (1986).

A. Penzkofer and W. Leupacher, | Lumin 37, 61 (1987).

M. Fischer and J. Georges, Chem Phys Lett 260, 115 (1996).

A. Nag and D. Goswami, ] Photochem Photobiol A Chem 206, 188 (2009).

M. Beija, C. A. M. Afonso, and J. M. G. Martinho, Chem Soc Rev 38, 2410 (2009).

P. R. Ojeda, I. A. K. Amashta, J. R. Ochoa, and I. U P E Z Arbeloa, Excitonic Treatment and
Bonding of Aggregates of Rhodamine 6G in Ethanol, 1988.

A. Ghanadzadeh and M. S. Zakerhamidi, | Mol Liq 109, 149 (2004).
H. Tajalli, A. G. Gilani, M. S. Zakerhamidi, and P. Tajalli, Dyes and Pigments 78, 15 (2008).

F. M. Zehentbauer, C. Moretto, R. Stephen, T. Thevar, J. R. Gilchrist, D. Pokrajac, K. L. Richard,
and J. Kiefer, Spectrochim Acta A Mol Biomol Spectrosc 121, 147 (2014).

K. S. Novoselov, V. 1. Fal’Ko, L. Colombo, P. R. Gellert, M. G. Schwab, and K. Kim, Nature.

A. Mathkar, D. Tozier, P. Cox, P. Ong, C. Galande, K. Balakrishnan, A. Leela Mohana Reddy, and
P. M. Ajayan, Journal of Physical Chemistry Letters 3, 986 (2012).

F. M. Zehentbauer, C. Moretto, R. Stephen, T. Thevar, J. R. Gilchrist, D. Pokrajac, K. L. Richard,
and J. Kiefer, Spectrochim Acta A Mol Biomol Spectrosc 121, 147 (2014).

A. Bapli, S. Seth (Duley), S. Pandit, and D. Seth, Chemical Communications 57, 11855 (2021).

A. Bapli, R. K. Gautam, S. Seth, R. Jana, S. Pandit, and D. Seth, Chem Asian ] 15, 1296 (2020).

Ph.D. Thesis of Vishwajit R. Chavda 123 |Page



Chapter 5: GO/surfactant inspired photophysical
modulation of dye in DESs with or without additives

IRAO 4
S8 My,
%,

quE MAH4p,
4'/4
@ &
\"
Faoyyg 10

|

&
4

[20]

21]

22]

23]

Y. Chen, D. Yu, W. Chen, L. Fu, and T. Mu, Physical Chemistry Chemical Physics 21, 2601 (2019).

A. P. Abbott, G. Capper, D. L. Davies, R. K. Rasheed, and V. Tambyrajah, Chemical
Communications 70 (2003).

E. L. Smith, A. P. Abbott, and K. S. Ryder, Chemical Reviews.

B. B. Hansen, S. Spittle, B. Chen, D. Poe, Y. Zhang, J. M. Klein, A. Horton, L. Adhikari, T. Zelovich,
B. W. Doherty, B. Gurkan, E. J. Maginn, A. Ragauskas, M. Dadmun, T. A. Zawodzinski, G. A.
Baker, M. E. Tuckerman, R. F. Savinell, and J. R. Sangoro, Chemical Reviews.

K. Behera, M. D. Pandey, M. Porel, and S. Pandey, Journal of Chemical Physics 127, (2007).

D. Hirpara, B. Patel, V. Chavda, and S. Kumar, | Mol Liq 119672 (2022).

Komal, G. Singh, G. Singh, and T. S. Kang, ACS Omega 3, 13387 (2018).

D. Shah and F. S. Mjalli, Physical Chemistry Chemical Physics 16, 23900 (2014).

R. Svigelj, N. Dossi, C. Grazioli, and R. Toniolo, Sensors.

P. J. Dale, A. P. Samantilleke, D. D. Shivagan, and L. M. Peter, Thin Solid Films 515, 5751 (2007).

A. P. Abbott, K. el Ttaib, K. S. Ryder, and E. L. Smith, Transactions of the Institute of Metal
Finishing 86, 234 (2008).

D. v. Wagle, H. Zhao, and G. A. Baker, Acc Chem Res 47, 2299 (2014).
S. Kaur, M. Kumari, and H. K. Kashyap, Journal of Physical Chemistry B 124, 10601 (2020).

O. S. Hammond, D. T. Bowron, and K. J. Edler, Angewandte Chemie - International Edition 56,
9782 (2017).

S.S. Sakpal, S. H. Deshmukh, S. Chatterjee, D. Ghosh, and S. Bagchi, Journal of Physical Chemistry
Letters 12, 8784 (2021).

H. Zhang, M. L. Ferrer, M. J. Roldan-Ruiz, R. ]. Jiménez-Riobdo, M. C. Gutiérrez, and F. Del
Monte, Journal of Physical Chemistry B 124, 4002 (2020).

C. Ma, A. Laaksonen, C. Liu, X. Lu, and X. Ji, Chemical Society Reviews.
A. Kadyan, S. Juneja, and S. Pandey, Journal of Physical Chemistry B 123, 7578 (2019).

R. Kumar Gautam, A. Bapli, R. Jana, and D. Seth, Spectrochim Acta A Mol Biomol Spectrosc 258,
(2021).

R. K. Gautam, S. A. Ahmed, and D. Seth, ] Lumin 198, 508 (2018).

Ph.D. Thesis of Vishwajit R. Chavda 124 |Page



Chapter 5: GO/surfactant inspired photophysical
modulation of dye in DESs with or without additives

IRAO 4
S8 My,
%,

quE um%'
@ &

\"
Faoyyg 10

|

&
4

[40]

[41]

[42]

M. Tiecco, 1. di Guida, P. L. Gentili, R. Germani, C. Bonaccorso, and A. Cesaretti, ] Mol Liq 331,
115718 (2021).

J. Kuchlyan, N. Kundu, D. Banik, A. Roy, and N. Sarkar, Langmuir 31, 13793 (2015).

S. Li, A. N. Aphale, I. G. MacWan, P. K. Patra, W. G. Gonzalez, J. Miksovska, and R. M. Leblanc,
ACS Appl Mater Interfaces 4, 7069 (2012).

X. Qi, H. Li, J. W. Y. Lam, X. Yuan, J. Wei, B. Z. Tang, and H. Zhang, Advanced Materials 24,
4191 (2012).

J. Geng, L. Zhou, and B. Liu, Chemical Communications 49, 4818 (2013).
D. Liu, Q. Wang, A. Chen, Q. Li, L. Sui, and M. Jin, Luminescence 36, 1300 (2021).

S. Srisantitham, M. Sukwattanasinitt, and S. Unarunotai, Colloids Surf A Physicochem Eng Asp 550,
123 (2018).

V. A. Povedailo, B. v. Ronishenko, V. L. Stepuro, D. A. Tsybulsky, V. v. Shmanai, and D. L.
Yakovlev, ] Appl Spectrosc 85, 605 (2018).

S. Kumar, D. Sharma, G. Ghosh, and Kabir-Ud-Din, Langmuir 21, 9446 (2005).

H. Tajalli, A. Ghanadzadeh Gilani, M. S. Zakerhamidi, and M. Moghadam, Spectrochim Acta A
Mol Biomol Spectrosc 72, 697 (2009).

S. Kumar, Z. A. Khan, N. Parveen, and Kabir-ud-Din, Colloids Surf A Physicochem Eng Asp 268,
45 (2005).

Kabir-ud-Din, D. Sharma, Z. A. Khan, V. K. Aswal, and S. Kumat, ] Colloid Interface Sci 302, 315
(20006).

Md. S. Alam, A. Mohammed Siddiq, and M. Ali, ] Mol Liq 349, 118386 (2022).

S. Lashkari, M. Chekini, R. Pal, and M. A. Pope, Langmuir 38, 531 (2022).

S. Suguna, C. I. David, J. Prabhu, and R. Nandhakumar, Mater Adv 2, 6197 (2021).
M. A. Kadhom, G. H. Abdullah, and N. Al-Bayati, Arab ] Sci Eng 42, 1579 (2017).

R. S. Atri, A. Sanchez-Fernandez, O. S. Hammond, 1. Manasi, J. Doutch, J. P. Tellam, and K. J.
Edler, Journal of Physical Chemistry B 124, 6004 (2020).

Kabir-ud-Din, S. Kumar, and D. Sharma, | Surfactants Deterg 5, 131 (2002).

S. Kumar, H. Patel, and S. R. Patil, Colloid Polym Sci 291, 2069 (2013).

Ph.D. Thesis of Vishwajit R. Chavda 125 |Page



Chapter 5: GO/surfactant inspired photophysical
modulation of dye in DESs with or without additives

IRAO 4
S8 My,
%,

quE MAH4p,
4'/4
@ &
\"
Faoyyg 10

|

&
4

[59]

[60]

[61]

S. Kumar, D. Sharma, G. Ghosh, and Kabir-ud-Din, Colloids Surf A Physicochem Eng Asp 264,
203 (2005).

S. Kumar and A. Bhadoria, ] Chem Eng Data 57, 521 (2012).
Md. S. Alam and A. M. Siddiq, ] Mol Liq 242, 1075 (2017).
Md. S. Alam, A. M. Siddiq, D. Natarajan, M. S. Kiran, and G. Baskar, ] Mol Liq 273, 16 (2019).

B. Patel, S. Singh, K. Parikh, V. Chavda, D. Ray, V. K. Aswal, and S. Kumar, ] Mol Liq 363, 119885
(2022).

A. Divsalar and R. Ghobadj, ] Mol Liq 323, 114588 (2021).
T. Kajiwara, R. W. Chambers, and D. R. Kearns, Chem Phys Lett 22, 37 (1973).

H. Tajalli, A. Ghanadzadeh Gilani, M. S. Zakerhamidi, and M. Moghadam, Spectrochim Acta A
Mol Biomol Spectrosc 72, 697 (2009).

S. M. Radiul, J. Chowdhury, A. Goswami, and S. Hazarika, Laser Phys 32, 075602 (2022).
A. Nag and D. Goswami, ] Photochem Photobiol A Chem 206, 188 (2009).
F. S. Mjalli and O. U. Ahmed, Asia-Pacific Journal of Chemical Engineering 11, 549 (2016).

S. Srisantitham, M. Sukwattanasinitt, and S. Unarunotai, Colloids Surf A Physicochem Eng Asp 550,
123 (2018).

M. A. Kadhom, G. H. Abdullah, and N. Al-Bayati, Arab | Sci Eng 42, 1579 (2017).

O. v. Kazarina, V. N. Agieienko, A. N. Petukhov, A. v. Vorotyntsev, M. E. Atlaskina, A. A. Atlaskin,
S. S. Kryuchkov, A. N. Markov, A. v. Nyuchev, and 1. v. Vorotyntsev, ] Chem Eng Data 67, 138
(2022).

P. J. Smith, C. B. Arroyo, F. Lopez Hernandez, and J. C. Goeltz, | Phys Chem B 123, 5302 (2019).
A. S. Kristoffersen, S. R. Erga, B. Hamre, and @. Frette, | Fluoresc 24, 1015 (2014).

J. Kiefer, K. Noack, and B. Kirchner, Curr Phys Chem 1, 340 (2011).

K. Noack, J. Kiefer, and A. Leipertz, ChemPhysChem 11, 630 (2010).

K. Noack, A. Leipertz, and J. Kiefer, ] Mol Struct 1018, 45 (2012).

T. Zhekenov, N. Toksanbayev, Z. Kazakbayeva, D. Shah, and F. S. Mjalli, Fluid Phase Equilib 441,
43 (2017).

C. v. BINDHU, S. S. HARILAL, V. P. N. NAMPOORI, and C. P. G. VALLABHAN, Modern
Physics Letters B 13, 563 (1999).

Ph.D. Thesis of Vishwajit R. Chavda 126 |Page



Chapter 5: GO/surfactant inspired photophysical 5,
modulation of dye in DESs with or without additives

quE um%
¥oogyg 0%

&
4

[80]  A.Pandey and S. Pandey, ] Phys Chem B 118, 14652 (2014).
[81]  X.Zhang, P. Zhu, Q. Li, and H. Xia, Front Chem 10, (2022).

[82]  H. Tajalli, A. Ghanadzadeh Gilani, M. S. Zakerhamidi, and M. Moghadam, Spectrochim Acta A
Mol Biomol Spectrosc 72, 697 (2009).

[83]  D. Hirpara, B. Patel, V. Chavda, A. Desai, and S. Kumar, ] Mol Liq 364, 119991 (2022).

[84] T. Arnold, A. J. Jackson, A. Sanchez-Fernandez, D. Magnone, A. E. Terry, and K. J. Edler,
Langmuir 31, 12894 (2015).

[85]  R. K. Banjare, M. K. Banjare, K. Behera, S. Pandey, and K. K. Ghosh, ACS Omega 5, 19350 (2020).
[86] M. Pal, R. Rai, A. Yadav, R. Khanna, G. A. Baker, and S. Pandey, Langmuir 30, 13191 (2014).

[87]  S.K. Yadav, K. Parikh, and S. Kumar, Colloids Sutf A Physicochem Eng Asp 522, 105 (2017).
[88] Y.Wang, Z. Li, D. Hu, C.-T. Lin, J. Li, and Y. Lin, ] Am Chem Soc 132, 9274 (2010).

[89] H.Dong, W. Gao, F. Yan, H. Ji, and H. Ju, Anal Chem 82, 5511 (2010).

[90] J. Kim, L. J. Cote, F. Kim, and J. Huang, ] Am Chem Soc 132, 260 (2010).

[91] E. Bozkurt, M. Acar, Y. Onganer, and K. Meral, Physical Chemistry Chemical Physics 16, 18276
(2014).

Ph.D. Thesis of Vishwajit R. Chavda 127 |Page



