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ABSTRACT

Ionic liquids with unique physicochemical properties and widespread applications in science
and technology have attracted the attention of researchers worldwide. These interesting liquids
with different cation/anion combinations and modified by cosolvent addition may encompass a
wide variety of properties that may extend their potential in various fields. Specifically, the
work presented in the thesis is concerned with the understanding of intramolecular dimerization
and complexation processes within select ionic liquids and their judiciously selected cosolvent
mixtures. The thesis features a detailed investigation of the key aspects of excimer (excited
dimer) and exciplex (excited complex) formation in these complex fluidic systems, which
provides insights into the interactions present within these systems.

The thesis comprises of six chapters. Chapter 1 (Background and Introduction) presents a
compact introduction of ionic liquids and the issues that lead to this particular research work
along with approaches to resolve them. Chapter 2 titled ‘Materials and Methodologies’ is about
chemical procurement, purification, and storage as well as techniques used during the
investigation. Chapter 3 titled ‘Excimer Formation Dynamics of 1,10-Bis-(1-pyrenyl)decane
(BPD) in Structurally Different Ionic Liquids’ explores the alternate pathways for molecular
aggregation. Intramolecular excimer formation dynamics of BPD, where the fluorophoric
pyrene moieties are separated by a long decyl chain, is investigated in seven different ionic
liquids in 10-90 °C temperature range. The long alkyl separator allows for ample interaction
with the solubilizing milieu prior to the formation of the excimer. The ionic liquids are
composed of two sets — one having four ionic liquids of 1-butyl-3-methylimidazolium cation

(lbmim']) with different anions and the other having four ionic liquids of
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bis(trifluvoromethylsulfonyl)imide anion ([Tf;N ]) with different cations. Chemical structure of
the ionic liquid controls the excimer formation efficiency as excimer-to-monomer emission
intensity ratio (/g/l\) within ionic liquids with the same dynamic viscosities are found to be
significantly different. Stokes-Einstein relationship is not followed in [bmim'] ionic liquids,
however, with the exception of [choline][Tf;N], it is found to be followed in [Tf;N] ionic
liquids suggesting the cyclization dynamics of BPD to be diffusion-controlled and to depend on
the viscosity of the ionic liquid irrespective of the identity of the cation.

Chapter 4 [Excimer Formation Dynamics of 1,3-Bis-(1-pyrenyl)propane (BPP) within
Ionic Liquids Modified by Polyethylene Glycols (PEGs)] provides detail of the intramolecular
excimer formation dynamics of BPP within mixtures of ionic liquid 1-butyl-3-
methylimidazolium hexafluorophosphate [bmim][PF¢] with PEGs of varying molecular weight
(MW) in the temperature range 10-90 °C. Irrespective of the composition of the medium and
the temperature, excited-state intensity decay of the excimer fluorescence fits best to a three-
exponential decay function suggesting the presence of one excited-state monomer and two
kinetically-distinguishable excimers where both the excimers are populated simultaneously by
the excited monomer with no interconversion between the two excimers. In neat PEGs for
temperatures < 50 °C, intensity decay data of monomer fluorescence fits best to a single-
exponential decay function, whereas, at higher temperatures, the fits become better to a double
exponential decay function. In neat [bmim][PFg], while a double exponential decay function is
required to fit the monomer excited-state intensity decay data at lower temperatures, three
exponentials are required to satisfactorily fit the data at higher temperatures. Within long-chain
PEG-containing ([bmim][PFs] + PEG) mixtures, PEG as opposed to [bmim][PF¢] controls the

excimer formation dynamics by supposedly wrapping around the excimer thus hindering
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dissociation back to the monomer. The overall rate constant of the excimer formation within
([bmim][PF¢] + PEG) mixtures are found to scale better with the microviscosity rather than the
bulk viscosity of the medium.

Chapter 5 is ‘Effect of Ionic Liquids on Fluorescence of an Intramolecular Exciplex
Forming Probe’. We investigate a pyrene (Py) and a tryptophan (Trp) based fluorescent probe
bispidine tryptophan tert-butyloxycarbonylpyrene [Bisp(TrpBoc)Py], where Py and Trp groups
are judiciously placed on a novel molecular scaffold namely bispidine. This probe exhibited
fluorescence due to the formation of an unprecedented emissive intramolecular exciplex in
polar solvents. The probe demonstrates good sensitivity, excellent selectivity, and adequate
reversibility towards proton sensing. Further, the effect of structurally different ionic liquid
addition on [Bisp(TrpBoc)Py] fluorescence in acetonitrile and ethanol was explored. Ionic
liquid addition shows almost no effect on monomer fluorescence originating from Py but Py-
Trp exciplex fluorescence decreases with an increase in ionic liquid concentration. The
outcome of the analysis suggests that the chemical structure of ionic liquid controls the
fluorescence from intramolecular exciplex. Further, it was observed that anions do not have
much effect on intramolecular exciplex fluorescence but cations show a significant effect.
Fluorescence lifetime measurements reveal no significant change in the decay times of
monomer and exciplex after the addition of ionic liquid. This suggests that the quenching is not
dynamic in nature within these systems. The investigation reveals that ionic liquid may form a
“dark” complex with an intramolecular exciplex forming probe [Bisp(TrpBoc)Py]. Chapter 6
(Conclusions and Future Prospects) presents the conclusions drawn from the overall
investigation. The work presented in this thesis will help broaden the overall utility of ionic

liquids for various applications.
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3108

mafas fAfFase [y gfas SRReRAwe giadls s fageuye titasr—d 3 a5d U
CFATSATSN gd cAFes U e HTh W3INY desass oY sexfEesr fofFasy fay Bwie
HICIA/TATIT FITF T2 US ANSHISS & HIATeAT GG Fg UeAehuTd 37 1SS aIer
HIH A9 de A Taacs I Ui 31 aRTE hiesd Tafdfhaced, A a& gucs
5T & ANfAE 38 FHeis AU ¥ HEFET AP SexAFger BARGA3NT s
FFECAFHAA NAGST NV T 3 fafFasad vs AT FERTHN el
Frede fAFaad & Nffw Frow f5ees geawcnee 3h & I AFvecd AH
TFHER  (Trafies BeR) U taadicoldd (VHFATACS hletoldd) Brelel 3o 2T
HECIFH Folgsd Oy, fogd WIfasy gaamsed $el & seiared Ysic Aifder o
faeecra

NTEE 7 ©F AT AMAS 8 | ITEATT 1 (T5SHA 3R IRTA) YoieH 3 dhiFdee STl
3T 3afeen fafFasa vs & 3egst dad oiis & g ufdehok REw g 31eiier faur rog
a1 Wied gH) 31 2 Aseh @A iR alies Tarafae @dic, e 3R #SRoT & |rd-
1Y ST & GRIT YA HI ATl dTell dehellohl & aR H g LI 3 M ToFadiar
RIS STIATTATE 3% 1,10-74H-(1-Nfel)ehel (BPD) 5o7 Fargleal SHiC e
ffFasa Traeeld & edTATd Joargd $R - AlfdFger  TIERE | ScTATFgoN
TFHHA BRI SRIAITHFH 3% BPD, 3R & Fe3iiRE el ASTdwd 31
AN & Tl ST AT, ST SATLINCS 37 Aol BHC ATAId TlFagd o7 10—
90 °C TFNTRX IS M dledl odhiBel AW Hoaled BRI S o oY
Hreffaeliforer fAfATs R < A wroferst 31 o voraeliaw o 3mafaes fafdasa 3R
HUIes 3% Td AcH-3A gfder &R 3afas fAfFasd 3w 1-sgesd -3-fAuss




sfAgEifead ®ieasl ([bmim']) 0y Bwie HEa-a s & sk gfder R 3mafas
fofFasa 30 9@ (F FRiRT [Ausa gowifad )5fAs vamgs ([THN]) fay Swie
FAY FfAPT TeFaX 3HTH d 3Ae ffFas Fereq I taadeR wrefee vftpfedt
3T TFEHER -dl -AlAT TR SCfAdr 1At (Ie/lv) A 3mafaes fofeasa fay
AR STAITAT fATHIRAAST 3R w3z &7 & Relifthapicder Bwie T 3T
ReARIT 39 slc Bledldg 8 [bmim*] 3afae fofdasy , glaay, 9y & veaoe=
3% [choline][Tf.N], 3TSCI 9 WI33 & § Bleadldg 8 [THN] 3a@s fofFasa
FraiEear ¥ Rpfaafasie s=fAwg 3% BPD A § RBrgf@si-sles Us drdds
AT Y FAERIfAE 31w & 3mafas fAfFas sfafFed 3w & angsfedy 3itw & wfeaa

ITEATY 4 [TFHHHR BIHLIA STIATTATFH AT 1,3-Tag-(1-IRfrer )9rdeT (BPP) dfdeT
Iafas fofFasya AMSwEs & delitdies Jfoeed (PEGS)] Wifasw f8ear 3w &
STATAFGOR TFAHIFR BRI SRR 3% BPP difde fAea=d 31 3mafas
fofeas 1-sgersd -3-TAUES SASHITead FFATFIHRIBIERS [omim][PFe] faY PEGS
i IR AfGFgeR 9T (MW) 37 & TFReR & 10-90 °Ci {&ifFed 3w &
HFASRET 3 I ALIA TS & SFRT , THARICS -TeC Serde ¢y Ah &
TFHHIFR Fe3RA- fheq dF¢ dl 31 o -TrauiRITe Gy therlel FIET &
W NY I FEHAA 3N dgees BAGARES & ¥ vrafies A @y &
S A3 fdedie & Ta THAHIAI S A PEGs B SFNEIH < 50 °C, sfAd
Cehd SIeT 3% AIFR P3N thed S el 31 9T -Taaul RITeT Sehd Hherlel
, SR , 3T FRIN TFRSH , & hed foehaT deX & 3 3ol TarHulei Rl Gohd el
3T A¢ [bmim][PFe], T&r 37 S9eT TFANARITS Shd Hhaelel 58 Raaras & fihe &
AA TS -wee S Ghd S1er 3T oli3R CFEd, il Tarauledished 3R




Rerarrs @1 afeetheelien fihe & srer 3c gRR TFRQEATIA dlear A PEG-
Pleersiaar ([bmim][PFe] + PEG) fA&@ad , PEG 31& 3I4IAs &f [bmim][PFs] Heied &
TFEHIFR B SOTAFE & goqagen Her 3R3s & vradiaR g fResRer
feafauerT s o & AlAAT Y IR T FIEES AE T TFEAFR Hroed e
([bmim][PFs] + PEG) TATETH §8 W38 &l Tohel s [a¥ & [AspIfaThifaer A ATl
q Fooh AEHITAE 3% & AfSTA

AT 5 ‘e 30T AT TATFISH 3T Fo3RAH I 37T SATAFIoR
TFHCAFH BT We 1 dY SedTedie 37 TI (Py) US 37 ECeithe] (Trp) 9€8 FARIAT
e fafeufss deeihe Ste-géieiedienmaiera [Bisp(TrpBoc)Py], 93X Py and Trp &
3R STSIRITH Tol¥s HleT 37 Aol ARk Fhththies AHe [Sfeafse e 9w
TFHRTNCS FIRA-H ST & BEAMT 3 3 3ARASCS THASHIT SATIFToR
TFHHCARE $oT Glol Hicded & N9 SANEEEH 713 AR, vardicle Aelfdeiaca
, US 37Sehdl (ATATQIAE gasq WiekT ARG BieT, & gihae I Tfacleal ST
mafae fafdas efeciait 3= [Bisp(TrpBoc)Py] Fl3iR&=H o1 3dliaiedlel US
SqATel I, TFaCARg 3 fofdas 3refedisi et JierARe «T $hae 3T AR

TR R HlA Py g€ Py-Trp TraHivoladd Fo3iided fShaw fay
SeTehie 5o 3ATeieh fofeFas Shacere & HBehA 3% ¥ TAfafdd grared dc
FfAFT FeFR IHH Irafas fAfFas dged  FRIRA-E HIA SHAATR
TFEHICIFH WY , 3¢ aig 3iedde de J@aeq 3 dAlc §d #I ghae 3ie
SHATIFIOR TFHHICIFH Fol3iRTeH J¢ heed A Teiifthehe ghere Fol3ideq
ASHESH ARHA-CH A37el Al FAaelifthehe I9T 51 & ShT 3FH 3HTH AAIF U5
TFHHICAFH TFT Hefeci3 3 Il fafFasi@y geeed de I T 58
sle SRS 3 AR A AW fArera ¥ Seawkee el de 3afas fafdas




A WIH A S BECed  f9U  SATIOR  UFEdTHdd  BifET W
[Bisp(TrpBoc)Py] 31T 6 (TAsht 3 $1fas &y HHTTATY) UolcH & e[ A3 3

WA ¥ NG AR ¥ g Y8es 54 9 Nfdw A gou sivsa &
a3 gieferdr 3 3mafae fafdFasa ®R aRTH Ttaeheed)
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Residuals are provided below each panel

Fluorescence emission spectra of 1 (10 uM) in EtOH in the presence

of varying [H'] at 25 °C

Normalized fluorescence emission spectra (Aex = 340 nm) of 1

(10 uM) in the presence of varying [H'] at 25 °C. Corresponding
Iexciplex/Ipy as defined by 1475nm/I376nm Versus [H+] are provided in

the insets

HRMS of compound 1 at pH 2.5 after keeping it overnight at room
temperature

Normalized fluorescence emission spectra (Aex = 340 nm) of 1

(10 uM) (A) in the presence of various salts (0.01 M) in EtOH at

25 °C (A), in the presence of 10° M NaOH in EtOH (B), and in

ACN (C)
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of scanning time. Downward arrows indicate addition of 3.16x107° M
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Additions of [H'] and [OH ] are carried out sequentially

Relative fluorescence emission spectra of 1 in ACN (panel A) and 215
EtOH (panel B) with varying concentration of [bmim][Tf,N] at

ambient conditions. Arrows highlight the decrease in emission band
corresponding to the intramolecular exciplex with increase in

[bmim][Tf,N] concentration

Absorbance spectra of 1 dissolved in ACN with increasing 216
concentration of [bmim][Tf,N] at ambient conditions

Relative fluorescence emission spectra of 1 in ACN (panel A) and 217
EtOH (panel B) with varying concentration of ionic liquids: (i)

[bmim][OTT], (i1) [bmim][BF4], (iii) [dmpim][Tf,N], (iv) [bmpyrr][Tf,N]

and (v) [choline][Tf,N] at ambient conditions. Arrows highlight the

decrease in emission band corresponding to the intramolecular exciplex

with increase in ionic liquid concentration

Relative fluorescence emission spectra of 1 in ACN (panel A) and 218
EtOH (panel B) with varying concentration of [bpy][Tf;N] at ambient

conditions. Arrows highlight the decrease in emission band corresponding
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to the intramolecular exciplex with increase in [bpy][Tf:N]
concentration

Normalized fluorescence emission spectra (Aex = 340 nm) of 1 in the
presence of varying LiTf;N concentration (0 — 0.5 M) at ambient
conditions

Steady-state fluorescence intensity ratio (Fo/Fo smi) of 1 for 220
different ionic liquids in ACN and EtOH (panel A and panel B,
respectively) at ambient conditions

Fo/F versus [bmim][Tf,N] concentration plots showing quenching of
the fluorescence from 1 when dissolved in ACN (panel A) and EtOH
(panel B) at ambient conditions. Solid curves represent fit to an
exponential rise to maximum (equation 1) (recovered parameters are
reported in Table 5.4). Dashed curves are just to guide the eyes

Fo/F versus [lonic Liquid] concentration plots showing quenching of
the fluorescence from 1 when dissolved in ACN (panel A) and EtOH
(panel B) at ambient conditions. Solid curves represent fit to an
exponential rise to maximum (equation 1) (recovered parameters are
reported in Table 5.4). Dashed curves are just to guide the eyes

Fit of excited-state intensity decay data of 1 in ACN (panels A and B)
and EtOH (panels C and D) both in the absence (top panels) and presence
of 0.5 M [bmim][Tf,N] (bottom panels) at ambient conditions. Excitation
was carried out using 340 nm LED. Residuals are provided below each

panel
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5.23 Decay time (Aem = 480 nm) of 1 versus [bmim][Tf,N] concentration 226
plots in ACN (top panels, two exponential fit) and EtOH (bottom

panels, three exponential fit)
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