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Abstract

The noteworthy potential of deep eutectic solvents (DESs) as environmentally-benign
solubilizing media are well-known. Their peculiar and fascinating characteristics coupled
to their numerable applications in various industries and academia make them solvents of
utmost importance. In this context, the present thesis provides an in-depth description of
DESs along with their application to study specific research problems for further widening
the scope of this alternate media.

The thesis titled ‘Spectroscopic Investigation to Reveal Physicochemical Properties
and Aggregation Behavior of Deep Eutectic Solvent Derived Systems’ is focused on
understanding the properties and solute solvation within neat and salt-modified DES
systems. The strategy entails a comprehensive investigation of the spectroscopic behavior
of solutes within different classes of DESs along with bulk property measurements. The
thesis also features the formation and characterization of environmentally-benign water-in-
DES microemulsions using a hydrophobic DES as an oil phase. The novel solvent system
is then employed to improve the bio-availability of curcumin for enhancing its clinical
applications.

Chapter 1 (Background and Introduction) includes a brief introduction to DESs and
DES-based systems along with their potential industrial and academic importance. It also
provides an overview of the problems that motivated the present work and the strategies
adopted to resolve them. The overall goal of the research work presented in the thesis is to
develop a deeper understanding of the key physicochemical properties of DESs via solute

solvation and thus establish groundwork for their application in various relevant fields.



DESs have emerged in the last decade as environmentally-benign and economical
alternatives to both organic solvents and ionic liquids owing to their favorable
physicochemical properties.? In addition, their simple preparation, and ease in tailorability
of their physical properties have led to their exploration in numerous applications, such as,
in chemical industries, polymer science, nanoscience, and as drug solubilizers, to name a
few.?® Recently, the newly emerged hydrophobic DESs are becoming a topic of interest as
promising extraction media to replace toxic organic solvents, however, the know-how of
these DESs is still in its infancy.®’” Therefore, a comprehensive investigation of the
physicochemical properties of hydrophobic DESs will help in tapping their hidden
potential. The objectives of the thesis work are defined in a manner to gain fundamental
knowledge of various DESs of interest.

Chapter 2 titled ‘Materials and Methodologies’ affords information about the
procurement, purification, and storage of chemicals as well as techniques used during the
investigation. Specifically, uv-vis molecular absorbance, steady-state and time-resolved
fluorescence along with certain non-invasive techniques, such as dynamic light scattering
(DLS), electrical conductivity, density, and dynamic viscosity measurements are employed
to obtain the desired information. The DESs used in the study are: ‘hydrophilic’ ChCl:Urea
(choline chloride + urea in 1 : 2 mol ratio) and ‘hydrophobic’ TBAC:DA (tetra-n-
butylammonium chloride + n-decanoic acid in 1 : 2 mol ratio). The salt lithium chloride
(LiCl) is used to obtain salt-modified DES systems. The polarity and dynamics within neat
and LiCl-added DESs are investigated by employing popular and common fluorescent
probe pyrene [pyrene band 1-to-band 3 emission intensity ratio (Py li/l3) furnishes

information about dipolarity of the solvent media] along with nitromethane, nitrobenzene,
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4-nitrobenzaldehyde, 1-chloro-4-nitrobenzene, 4-nitroanisole, and N,N-dimethylaniline as
fluorescence quenching agents. The water-in-DES microemulsion formulation with DES
TBAC:DA and Triton X-100 (TX-100) as surfactant is characterized using pyranine as
fluorescence probe along with Co(ll) chloride as absorbance probe. The microemulsion
system is investigated for enhanced solubility of curcumin and its stability towards
sunlight and storage.

Chapter 3 titled ‘Investigation of Lithium Chloride-Added (Choline Chloride +
Urea) Deep Eutectic Solvent’ first presents density and dynamic viscosity followed by an
analysis of fluorescence quenching of pyrene by well-known gquencher nitromethane
within LiCl-added (up to 2.093 m) ChCl:Urea DES in the temperature range 298.15 to
358.15 K. Lithium salt-added ionic liquid mixtures have shown promising properties as
versatile alternate electrolyte media for Li-ion batteries.® As ionic liquids analogue, we
attempt to explore the potential of DESs in this context. The Py I1/lz at a given temperature
reveals no change in the dipolarity of the pyrene cybotactic region offered by DES
ChCl:Urea on the addition of up to 2.093 m(LiCl). Decrease in dipolarity of the medium on
increasing temperature becomes less pronounced in the presence of LiCl.

Excited-state intensity decay of pyrene fits best to a two-exponential decay
equation irrespective of the temperature and LiCl concentration. While the shorter of decay
times do not vary with temperature, the longer one shows a decrease with increasing
temperature at a given LiCl concentration. At a given temperature, the addition of LiCl
results in a slight decrease in the longer decay time because of the presence of chloride
ions (CI"), which facilitates nonradiative decay pathways of excited pyrene. The pyrene-

nitromethane fluorophore-quencher pair follows simplistic Stern-Volmer formulation
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suggesting the quenching to be purely dynamic in nature affording dynamic quenching
constant (Kp) and bimolecular quenching rate constant (k,) in the process. The k, first
increases as LiCl is added to DES ChCl:Urea before decreasing monotonically on further
addition of LiCl (Figure 1). The initial increase is due to the stabilization of the partial
positive charge that develops on excited pyrene during the electron/charge transfer to
nitromethane by the added CI™ during the quenching process. The further decrease in k,
with increasing LiCl is attributed to the exponential increase in the dynamic viscosity of
DES ChCl:Urea with LiCl addition. Iso-viscous LiCl-added ChCl:Urea mixtures are found
to have significantly different k,values, suggesting the important role of LiCl in
controlling the bimolecular quenching process within the system. The importance of the
microscopic structure of LiCl-added ChCl:Urea over dynamic viscosity in controlling
molecular diffusion and dynamics is amply highlighted.

In Chapter 4 titled ‘Fluorescence Quenching in Hydrophobic Deep Eutectic
Solvent’ the polarity and solute dynamics offered by a prototypical “hydrophobic” DES
TBAC:DA are explored along with an assessment of the potential of this DES in the
detection of explosive nitro compounds. A detailed investigation of pyrene fluorescence
and its quenching by five different aromatic and aliphatic nitro compounds, nitromethane,
nitrobenzene, 4-nitrobenzaldehyde, 1-chloro-4-nitrobenzene, and 4-nitroanisole, within
TBAC:DA is carried out in the temperature range 298.15 to 358.15 K. As expected, Py
I1/13 suggests the dipolarity of TBAC:DA to be much lower than several common
hydrophilic DESs and ionic liquids. For TBAC:DA, the decrease in dipolarity with
increasing temperature is similar to the nonpolar organic solvents but much lower than

common hydrophilic DESs and imidazolium cation-based ionic liquids. The decrease in
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pyrene decay time with increasing temperature for TBAC:DA, however, is much more
than that reported for hydrophilic DES, and is comparable to that for an imidazolium ionic
liquid.

Pyrene fluorescence is quenched effectively by all five quenchers within
TBAC:DA,; the quenching is most prominent for nitrobenzene. It is inferred that the
quenching within this hydrophobic DES is a complex interplay of the reduction potential
of the quencher and the presence of the substituents on the quencher imparting steric
hindrance to the fluorophore—quencher approach. The quenching follows a simplistic
Stern—Volmer relation and is purely dynamic in nature. It is also observed that quenching
of pyrene fluorescence by nitromethane is more within TBAC:DA as compared to the
hydrophilic DES ChCl:Urea and a water-immiscible ionic liquid.®° It is attributed to the
possible stabilization of partial positive charge that develops on the excited pyrene during
electron/charge transfer to the quencher by partially/completely dissociated acid group of
n-decanoic acid, the major constituent of the DES.

Chapter 5 titled ‘Complex Formation in Hydrophobic Deep Eutectic Solvent’
provides findings regarding the charge-transfer complex formed between acceptor pyrene
(Py) and donor N,N-dimethylaniline (DMA) in TBAC:DA DES. Charge-transfer
fluorescent complex formation between Py and DMA is not supported either in high-
viscous ChCl-based DESs or in low-viscous ionic liquid, however, TBAC:DA with
intermediate dynamic viscosity does support the formation of fluorescent Py-DMA charge-
transfer complex that is manifested via a broad structureless bathochromically-shifted band

centered at 550(x2) nm. This observation places the non-polar nature of this DES in



perspective. Py polarity scale suggests TBAC:DA to be fairly non-polar but not as non-
polar as other organic solvents that support the formation of Py-DMA fluorescent exciplex.

The solvatochromic nature of Py-DMA fluorescent complex indicates the solvent
polarity of TBAC:DA to be higher than that of methanol. This is attributed to the
difference in the cybotactic region dipolarity as experienced by pyrene versus that by Py-
DMA complex. The Py-DMA complex formation within TBAC:DA takes place at sub-
nanosecond regime, and is facilitated by the presence of weak ground-state interaction
between Py and DMA. Quenching of Py fluorescence by DMA within TBAC:DA is very
efficient; E, is similar to that for other Py-quencher pairs where quencher is an electron-
acceptor. Py-DMA complex formation efficiency increases with an increase in temperature
and reaches maxima at 298.15 K before decreasing with a further increase in temperature.
The initial reduction in dynamic viscosity favors Py-DMA complex formation; this effect
is overcome by preferential thermal deactivation of Py-DMA fluorescent complex as
compared to the thermal deactivation of pyrene.

Chapter 6 is titled ‘Formation of Water-in-Deep Eutectic Solvent Microemulsions
and Investigation of Curcumin Solvation Therein’ and is divided into two parts, where the
first part provides evidence of the formation of water-in-oil microemulsions using the
hydrophobic DES TBAC:DA as the oil phase and nonionic surfactant TX-100 as an
emulsifier. The water pools are formed within TBAC:DA under ambient conditions with
maximum water loading (w, = [water]/[TX-100]) of 60+£3 for [TX-100] = 0.3 M. The
formation of the microemulsions is established by using fluorescence probe pyranine
which exhibited the appearance of band characterizing un-protonated form of the probe

implying the onset of water-in-TBAC:DA microemulsion formation. The uv-vis



absorbance of Co'' further corroborates TX-100-assisted water pool formation within
TBAC:DA via the appearance of the band that is assigned to the probe being present in
water. Along with electrical conductivity measurement, characterization of these
microemulsions is carried out using the DLS technique which reveals that the average
aggregate sizes are in the range of 72(x4) to 122(x7) nm.

The second part evaluates these novel water-in-DES microemulsions as potential
solvent systems for solubilizing curcumin with an eye towards establishing its biomedical
applications. Under the optimized conditions, excellent uptake of curcumin was observed
in this system as compared to that in water, a choline-based ionic liquid, and other DESs.!
The water-in-TBAC:DA microemulsion formed using 0.3 M TX-100 dissolves ~51
mg/mL of curcumin without compromising its structural integrity. This microemulsion
system also exhibited improved stability of curcumin towards sunlight and shelf storage.
The outcomes of this work indicate that such water-in-DES microemulsions may provide
an alternative route of enhancing the stability and solubility of poorly water-soluble drugs.

Chapter 7 titled ‘Conclusions and Future Prospects’ encompasses the conclusions
drawn from the overall investigation and the future scope of the work. In brief, the thesis
presents an in-depth investigation of the neat as well as salt/surfactant-modified DESs. The
importance and potential of hydrophobic DESs are amply highlighted for innumerable
applications in the coming time. Also, the water-in-DES microemulsions show high
solubility and stability of curcumin within them. The overall outcomes of this work
successfully provide a groundwork for the utilization of these environmentally-benign
DESs in sustainable research and development benefiting science and technology as well

as humankind.
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TATaRU- gaqRie Hifedr & wu § St gefdesd Aide Sy oI e
&l gdfafed g1 faftrs St ok Renfael & I SRiey AT & |1y It
SRS 3R SfTeptieh fIRWATY 36 31feics Hed o faemges sl 81 39 HaH H,
adaH R 39 defeds MfEa & IR B SR AUS §71 & A fafRy My
RIS BT SFYT B b T ITh 3fTda & -1 SIe T B g fdarvl UgH
A 1 MY Wi saeizq g Rdla ioeisfiea wuds ts
TR faRfaaR o Siu gefdes Aidde fEvges Rvewr 2ife 9 @ ok
Tl -Ifd U gefaed Hicde @5uy) Red & iR icds= & oI iR
Tledeq & JHFH WR Hfad gl I0HITG T e Uiy A1 & AY-91y Si309 & fafid
Tl & iR facd & WK RIU% agR Hi US wid i g1 A & e dd
RO & Y T gEShIad S0 HI YN HRPb UaRU-G Jd-34-3158d
TTSHITARM & o IR A& ol oft =it 81 $U% Aal-d SN & dg™ &
oY HREGEA B S U H YR B & oY U faamaes goret &1 SuanT
fepaT AT g1

3T 1 (GBYH 3R ufvea) # SEuy 3R Seuy-snuia yonferdl & qry-wry
S GHTTad SMENfe TR Reffiie Fea $1 Tfaa uiad M 1 I8 37 Jrwmsi
&1 U Rigraciies i UaH =al § f=1H aaHr $rd &1 IRd fham ofk 3% ga 3
& forg sruATs TE Yot N # vRga WY FE BT I A&7 faag AieawE &
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Tegd ¥ SIS0 & UgE Hifds-mafe i & T8 T fasRad & § iR 39
TR faftm Ui &= & 3% 3fded & oy YRy 1 RAUT 31 8| Sieud
fUed @ o o 3% Wifde INAMAS 0N & HRU HEHG Alded 3R
3afE R yer G & o vafaru-gim SR Tt fided & w0 § IR 71 59F
3{ATET, 30! WA AR, R 3% Hifdd O B SrIHadr § S 9 3D B3
SIERT § 3rduul, O b IwEFe IENT, sgae faH, MY, R ST
TG[IAZOR & ¥U B, $& 0 G4 & Ul gid g I, AU IWR gU gRSIBbildd
SIS0y fauTead uardl 1 dae & fo s=iee My Hifsar & wu 1 3 o1 fava
¥ % ©| PEM®D Hicded, gIeiid, 39 ST &I IHGRT 3l o ot RS
AT H g | ST, TR SIhIaD S5TH & HITAH-IATIeb 07 &1 Th IS e 4
Iab! feydt & T Qg X | Hag el | iRy &1 & Ig2dl &l srel o fafie
ST F Wferp I U R F aieb & uRHTT b mar g

It SR wrfyuer e aren sreard 2 A Pt Wi, Y R
USRI & TIY-ATY T4 F GRI ITINT H S aTelt deb=iiept & IR H FHSRT <l B
fady ¥u 9, gdi-fow emuifass sraxivur, RR-sERT 3R Jry-gaTyE ufadifta &
Y- $T TR-3MhHS db-1a!, o [ e yem foawa (@eaww), faggd
e d], 9@ R TRl fafuge 7Y aifed SHeRT U 31 & g FHaifea
B 81 3 H SWATd fby U SEuy §: g sifthfera chel: gRAT (1: 2 mol 3UTd
A B FRSS + gRAn) R EESIhIed TBAC: DA (CTI-UH-SLTEaHI o
FIRISS + n-ShIIs®d RIS 1: 2 mol T) U | e -GMYT <9 ey ured
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¥ fore i ffdaw aeiRiss (Licl) &1 IuAT far ST |1 Al iR IH
TR Sfid U8 (U184 98 1-g-8'8 3 I digdl 3UTd (Py 11/15) Tlede Hifsar
&1 fE3aadr & SR TFBR URdd HRdl 8] BT AT HRab =i 3R LiCl-SIST DES
& HiR yaar iR wfaefiddar &t S @ ot 81 AZeddd, Agaesid, 4-
TRCISACSEISS, 1-FARI-4-ATSCIdoid, 4-ARe-ad, R T, TH-SBHUEaFfer
TR T Tolel & &9 H| $9 e ST 3R 2rged Ta-100 (TX-100) & A1
Hihade & & H qIeR-3-SI5UH HISshIUHeRM BIHAR Bl @RI g & =9 |
T8 (1) FARTZS & WY TR S & =0 H G- &1 IUINT d3 o1 o= g1
TRAG(OH DI IGT g8 gaRiadr 3R J4 & UHI 3R HSRUI & Ufd 39! RRAT &
feTq HTSsh I3 HeRM RieH &1 &g & STt g |

3T 3 e T wRES-USS (PIdH FRES + gRAN) S gefaeh
Hicde' &1 T Ugd g9 3R TTaRiid faufarge URqd &l 8, 39& a8 diad-Us s
(2.093 Hiex dd) & HIeR FH-AM HeR AT GRT UM &1 Ufdaiiad AT &l
fazayur fo5ar a1 8 1) Chel: giRaT ST 298.15 ¥ 358.15 K & AMqaM 3o H| fafam

I Ie-gad 3mafe axa By 3 -3 98 & fu 9gue dwfcas saaeiae
Wi & T0 § RIS 01 fG@m § | e dRd THan & U §, g9 31509 &1

&HdT T Ul T T U BHRd & | 39 T H | fhdt fau 7w arowm@ R py 11715 J U
Iadr € fb ST chcl: gRAT gRT 2.093 R (LiCl) dF &I UHY W U
Trsicfacsd & @ fgsyaar # HIS dgard Tl 3T g1 dgd dIuHH TR HIEH @
fgsadt & HHt Licl &t SRR & 1 W g1 o1l § | AIEM SiR Licl WisdT & dTavg
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UTSRI 1 SToTd- ST i dlerdl D & -9 & JHIBRU & foTT Jord Iugerd
8| S & BT BlcT JHY ATGHH & A1y i g1 gidl 5, Ao T b fobet G 1Y
LiCl Figal ¥ §gd dIuaM & A1 S lG@rs ¢t 51 forddl fau ¢ aome R, FRss
T (CI) &1 IR & HRUT Licl & S I dd T db & &b T9g T il Hl
3Tl §, St Jaford uigeq & IR-fafaxuiia & oy &1 Jfaum UM FHRal g1 usi-
AECHAT TARIPR-HR el WRAIPd WA-aeR BIARM HT SR Bl &, Ol
gferar & Tfasita I RRI® (Ko) 3R f§-3muifde T+ R RRI® (kg) BT &of Hd
8T I USpfa # faxlg w0 9 fa=iia 811 &1 Y1a il 81 ky U8d dgdl § i Licl
@I DES ChCl H SIST ST &: AT LiCl & 3T S8 IR Tad ¥4 ¥ ue ¥ uga (A
1) IR gis SHifIe emTaTe Smaw & fRRIHRUT & HRU I § off TH Ufehal &
SR SIST 7T CI- gRT A3 H gadeiH/ams RIFERU & SR Iuford Ui IR
fad 81T 81 Licl T 9fg & 1Y ky & 3R & &1 DES Chel &1 Mfasfta ferafurge
¥ g gfg & fore fomieR aexm™n T € Licl S & a1y gikar| smgal-faafedr
LiCl- STrST §3MT Chel: R firsor & 1wt fid kg values UTE ST 8, o Red & iR
fg-smurfds == uftsar &t FRifd #=A # Licl &t Aol YA &1 g9 &d g
LiCI-TSE ChCl & Y& TAHT &1 HEd: SUIfde TR 3R Tfad! &I Fafd &= o
Tforeie frafoge W i R vafa S J YT STe T B |

AT 4 T TRIWIeP I gefdesw Alede H TRY T e F th
MRl gRemiae: 3 ddud: St (DA) gRT Ox &t 718 ydigar 3R faog
et &) fapiee A8l AT &1 IdT T H 59 ST $I &Hdl & ATH- & a1y
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TS AT § 1 TBAC & HIaR Uia S1eiT- et Griferd iR Raver Arget AiffTent, TEeita,
SN, 4-ARCIIACIEISS, 1-FARI-4-TSE IS, 3R 4-AFSIUAIE GRT U=
Tfaciiar 3R SUS! T &1 faxd S DA I9q= a1 # far omar § 298.15 9
358.15 K. ST fas SMOf37d T, Py 11/1; TBAC: DA &1 fgg[adl &1 &5 ATHI SRS T adh
DES 3R 3% dRa UTdf & o & 9gd HH 811 &1 Yd <dl | TBAC: DA &
for, Sgd arguE & Iy fgydiaar & ot R-yd Fre-e Jleded & THH &, Af
I g Sifthfeid DES SR HSNIfran HeH-3uiRd SmafAe ava uerdf @t
JoT H 9gd U 8| TBAC & Sed dluaM & ITY TS & Jag § SHT: DA, gTdife,
g Slthford DES % forg Rad &t 1< qor # ogd 3ifdies , 3R I8 Teh siiemifomH
S RA & fou a7

TBAC:DA; I ATScIsci & It 9ad U@ g1 98 3FHM aran 1 § o
3 I3 IhIo SiRuy P HiaR T, HER BT HH! &HdT 3R TRIBR-HR PBI
o foTE WeR& 14T UM A aTd Sher W Uerd! & IR BT T Siicd IR foba

8| XA TH WA WLA-aIER J&Y BT SIER0N Tl § 3R Upid § fogs ®u
=it g1 g8 o S| m € f eRSithie SiRuw chel: gRar 3R TH oa-
Aol SAfAS dRA B Ja-l H AU gRT U wIRyg &t i et
ST & iR ifYd 1 3 SIS HRIAD dTel & FHTAd FRRIH & fog fomier
8T ST § SN fawRid giaT § Siuy & YW Uch TH-ShiHsdh RIS & 3w

0 YO8 RE J 3T [P TN This T gRT H<R § Iaae/amst W & R
Jaford UgH W



AT 5 YD TRSIPIaD SU gefaed Hicde B HIIR BIHRH' CIaTTa:
ST SH H Wiepdi Uiz (dlS) 3R SR T, TH-STEHUgafe (SITHT) & o ied
TSR HITd & IR T F15hY UGH FRl 81 Py 3R DMA & S Tol-g iR
TIRIYC BNy BIHTH A1 dl I=-FAufar chel- Setid DES # a1 SH-fufian
3E A | wAiid 5T &, gIdifs, TBAC: DA Tedad! aRie fafurge & A
TRIAC Py-DMA TSl & T3 &1 THYT Rl 8- AR B ol 550 (+ 2) TTEH
W $fed U YD T gd I IFbe-RIRE §8 & AIEH ¥ UHe gidl 8| I8
3adieh 39 S BI IR-4d1g Upfd 1 uRvied # T@dl g1 Us diaRel whel e
S & B! IR-YAT g BT JId ol © Al 3T HIeD Aleded & U J IR-
gt 7Y & S - Sheru rRkiNie ufiiiad & 7o &1 g0 Fra1 |

Py-DMA TRIRRIC HIAQeT Bt FlcdelshIHdb Udphid TBAC &1 Ficde UIaRe!
&I T BT §: DA BYAIT &I gaT § HfF gHII T8 U S UT3-SITHy
HIREY gRI 3Hd fPU U TReiRe &7 fGydad # ik & i Smier g
TBAC & HIdR Py-DMA Sfed T64: DA Ta-A- %S M § 8l &, iR py 3R
DMA & S HHOIR TMSS-XT SevaRkM &I U § I gl g1 TBAC & HiaR
DMA gRT Py UfASIf &1 A DA §8d 8 S ©; Ex 3T Py-8aR T & JHH §

T8l R Udh SaaeH-Widhd! & | AMIHE H g & 1Y Py-DMA SIfed 16 & deat
g 3R o # SR 3fg & I g ¥ Ugd Sifidan 298.15 K R Ugd St g
Tfaia faufRioge & uRMYS S Py-DMA SIfed Tod & uer & 3; Ursda & ydd
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fAfSFaHo Bt qa1 & 39 YT B UIR-SITHY TIRNC HIEiR & RMT ydd
fAfSroar 4 R fpar S gl

AT 6 HT AMYH TeX-37-810 Yfdedh Alede AZHIIARA’ BT T3 3R
I DRAYHT Fied=H 1 S § 3R T/ &1 I H fauiird fobar T &, Siei gger
YT BTSSIhI o SISUY CIAITH! B SUIANT HRh UMHI-H-ad HIShISHRM & T3 Bl
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0.3 M TX-100 under ambient conditions.
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LIST OF ABBREVIATIONS

Abbreviation Full form

IL lonic liquid

DESs Deep eutectic solvents

VOCs Volatile organic compounds

SCFs Super critical fluids

HBD Hydrogen bond donor

HBA Hydrogen bond acceptor

ChCl Choline chloride

NADES Natural deep eutectic solvents

EG Ethylene glycol

EPW Electrode potential window
TCSPC Time-correlated single-photon counting
LiCl Lithium chloride

CoCl, Cobalt chloride

w/DES water-in-DES

Pyranine 8-hydroxy-1,3,6-pyrene-trisulfonate
LIBs Lithium-ion batteries

LUMO Lowest occupied molecular orbital

[C.C1IM][(CF3S0O,),N]  1-ethyl-3-methylimidazolium
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bis(trifluoromethylsulfonyl)imide

TBAC:DA n-Tetraammonium chloride : n-decanoic acid
[C4Cilm][PFs] 1-butyl-3-methylimidazolium hexafluorophosphate
[C4CiIm][BF4] 1-butyl-3-methylimidazolium tetrafluoroborate
DMSO Dimethylsulfoxide

DMA N, N-dimethylaniline

LED Light emitting diode

IRF Instrument response function

uv Ultraviolet

Vis Visible

SDS Sodium dodecylsulfate

Brij-35 Polyoxyethylene(23)laurylether

TX-100 Triton X-100

CTAB Cetyltrimethylammonium bromide

Py Pyrene

DLS Dynamic light scattering
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