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Abstract

lonic Liquids (ILs) are salts with very low melting point (typically < 100 °C). lonic liquids are
unique compared to other molecular species since their properties are tunable and peculiar.
lonic liquids have low vapour pressure, excellent thermal stability and good electrical
conductivity. Such ILs have been investigated with a wide range of molecules to incorporate
additional properties. In this current investigation, ILs incorporated photoswitchable molecules
have been considered as targets towards making them photoswitchable ILs. Azobenzenes are
molecules with two phenyl groups separated by N=N double bond got significant attraction
due to their high optical sensitivity. Azobenzene compounds with light switchable properties
have been widely examined in several fields based on their photoresponsive reversible

isomerization.

Azobenzene based ionic liquids have attracted considerably due to the possibility of light
modulated properties change. In earlier reports, azobenzene has been incorporated as a separate
entity to impart photoresponsive character into the ionic liquid structure to produce
photoresponsive functions to ionic liquids. However, due to the recent progress in
azoheteroarene based switches, in particular, the advantages such as high Z-isomers stability
and better photoisomerization in both directions, provide opportunities in utilizing them in the
ILs. Besides that, the heterocyclic moieties can be used for direct incorporation of both IL part,
as well as photoswitching part at a proximal position in making novel designs of

photoswitchable ILs.

In this regard, we used alkylated azoisaoxazole as the target photoswitchable ILs. Through
this contribution, we present the alkylation of azoheteroarene based photoswitches to
synthesize the targets, and investigations on their stability, photoswitching aspects and

conductivity properties.

viii



Chapter 1: Introduction
1.1 lonic Liquids (ILs)

Presence of a molten salt, ethyl ammonium nitrate [EtNH3][NO3] with a melting point below
room temperature was reported by Walden in 1914, which lead to the discovery of lonic liquids
(ILs)!. Since then, ILs received moderate attention of many research groups. However, the
study about ILs got manifolded when pyridinium or imidazolium cations were used. lonic
Liquids (ILs) have begun a green revolution in chemistry, physics and materials science in the
form of both technological advancements and conceptual innovations in the past two decades?.
lonic Liquids (ILs) are salts with a shallow melting point. In some context, the term is limited
to salts whose melting point is below 100 °C. lonic liquids are unique compared to other
molecular species since their properties are tunable and peculiar. They have low vapour
pressure, excellent thermal stability and good electrical conductivity and possess a large
tunable electrochemical window?. These properties make them suitable for several applications
like alternative solvents, electrolytes in dye-sensitized solar cells, active pharmaceutical

ingredients (API) and electrodeposition of metals, etc?.

lonic Liquids (ILs) are formed by intermolecular interaction between a weekly coordinating
organic and inorganic anion and an organic cation of low flammability. Some of the common
cations and anions that are part of the ILs are given in the following Fig. 1.1. Many ILs were
produced by varying cations and anions. Most of the studies based on ILs aim to explore the
relationship between their structure and properties®. Asymmetry among cation and anion,
which leads to the low melting point of ILs and, which in turn leads to a weak crystal structure.
By changing dominant forces, which in turn affect their properties, we can design ILs with
desired functionality. Properties of ILs depend on an infinite number of possible combination

between cations and anions. For this reason, ILs are called designer solvents®.

A)
i) ii) iii) iv) v) vi) vii) v ix)
= R R — i ,=\ R_ R
e | () ¥ @ ) Q) e\ Mg
—Ny N-r No rrNO® R™}'"R RVASR ON? N® RT X |
= R R R R™ 'R M) R
I-alkyl-3-methyl- N-alkyl- N-alkyl- Tetraalkyl-  Tetraalkyl- N.N-dialkyl-  1,2-dialkyl-  N-alkyl- Trialkyl-
imidazolium pyridinium  N-methyl- phosphonium ammonium piperidinium  pyrazolium  thiazolium sulfonium
pyrrolidinium
B) o
- i o]
') F II} F F E |||) o (3 o IV) Tl e v)
1o %l 0 WA FiC=$-0 09
-y LR -~ ~
F # F F |,I__ F FsC \\o g CF; o] OH

Fig.1.1 Most common structures of cations (A) and anions (B) used in ILs



1.2 Photoswitchable lonic Liquids (PILs)

Smart materials are a class of materials whose characteristic features can be modulated by
external stimuli such as pH, light, temperature etc. Photoswitchable ILs are produced by
incorporating ILs with photoswitchable properties, which utilises light responsiveness along
with properties of 1Ls®. Most of the photoswitchable ILs have developed by the direct merging
of photoswitchable groups into anyone of the anions or cations of ILs. Photoswitchable ILs can
utilise both the properties of ILs as well as the properties of photoswitchable material and their
features can be modulated by merely changing the cations of this ILs’. Introduction of
photoswitchable groups into ILs can produce photoinduced changes in their physiochemical
properties. Conductivity and melting point of these ILs can be changed under irradiation with
visible light and Ultraviolet (UV) sources®. Some of the reported photoswitchable ILs are given
in Fig. 1.2.
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Fig.1.2 Representative examples for the photoswitchable ILs in the literature” %11
1.3 Azobenzene based lonic Liquids (Azo-ILs)

Azobenzenes are molecules with two phenyl groups separated by N=N double bond got
significant attraction due to their high optical sensitivity. Azobenzenes upon irradiation with
UV-light of suitable wavelength, switch between two isomeric states, namely cis and trans

isomers!2, lonic liquids with reversible and stable interconversion between two different



isomeric forms were achieved by the addition of azobenzene moieties in the cationic part.
Azobenzene based ILs (Azo-1Ls) have also been used due to the possibility of manipulation of
their properties by light. In general, the trans isomer is the thermodynamically stable isomer,
which can be switched to cis isomer by irradiating with UV-light. The reverse isomerisation
(cis to trans) can be produced either thermally or by photoirradiation in the visible range.
Nevertheless, this optical isomerisation is only possible when absorption spectra of cis and
trans are significantly different. There are several mechanisms considered for isomerisation
process, mainly through inversion about azo nitrogen or through rotation about the dihedral
angle involving azo group®. These mechanisms depend on numerous factors like solvents,
pressure and substituents. Azo-ILs have been an excellent platform to study various
applications. They can be utilised as light-controlled ion transporters. It's even shown that
azobenzene-imidazolium ILs can improve drug delivery systems*4. Photoswitchable abilities
of ILs can be used to control their conductivity in aqueous solutions. Azo-ILs can produce

reversible changes on the viscoelasticity of block copolymers?,

Azobenzene is well known for its reversible isomerisation. Due to strong n-m stacking,
Azobenzene compounds are generally insoluble in ILs containing imidazolium groups?®. This
can be solved by incorporating azobenzene covalently to the ionic liquid. Most of the
azobenzene containing ILs are in solid-state due to strong rigidity of azobenzene moieties. In
order to solve this issue, higher alkyl chains are incorporated to obtain room temperature ionic
liquids. Most of the reported Azo-I1Ls show a particular structure comprising a photoswitchable
unit connected to the ionic part through a spacer group (linker) attached in between them?3,
These spacer groups are generally alkyl groups with varying chain length. Figure 1.3 gives the
general structure of Azo-ILs.

With the help of azobenzene based photoresponsive unit into the ionic liquid structure
photoresponsive functional ionic liquids have been generated that can control the function of
ion-channels'’. lonic liquid crystals based on azobenzene have become well known for their
capability to liquefy under UV irradiation since cis-isomer will disrupt the orderly arrangement
of azobenzene units®®. lonic conductivity of azobenzene-based ILs prepared by Zhang and co-
workers (with a cation containing light responsive group) has been reversibly modulated in

some organic solvents under UV irradiation'®. Azobenzene compounds with light-switchable



properties have been widely investigated in different areas based on their photoresponsive

isomerisations, such as microfluid control, photo patterning, drug release and data storage®.
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Fig. 1.3 General structure of Azobenzene based ionic liquid

1.4 Properties and Applications of Photoswitchable lonic Liquids (PILS)

Photoswitchable lonic Liquids (PILs) have attracted considerable attention in recent years for
their unique properties and their potential high recyclability?°. They can be regarded as designer
solvents due to the feasibility to change the cationic and anionic components within a broad
range of combinations to cause changes in various physical properties such as density,
viscosity, water miscibility and melting point?l. PILs possess unique physicochemical
properties such as very less vapour pressure, considerable thermal stability and good electrical
conductivity, not significantly volatile. Due to their unique and favourable properties, PILS can
be used for various applications??. They can be used as ion transporters controlled by light.
PILs can improve the release time of drug delivery system4. The photoswitching of these ILs
has also shown excellent potential in controlling the conductivity of IL in aqueous solutions.
Also, when integrated into a block copolymer, Azo-ILs can induce reversible variations in
viscoelasticity®®. Their reversible cis-trans photoisomerisation process gives a broad range of
applications like optical switching, data storage and polarisation holography and as a photo-
labile surfactant??. For these reasons, azobenzene based ionic liquids are extensively studied

over the last decade.



1.5 Motivation and Design

Azoheteroarene based switches are recently known for their inherently high Z-isomers stability
and better photoisomerization in both directions?3. Azothiazole, azobenzothiazole and
azopyridine based N-alkylated photoswitches are well known for fast switching?*. On the other
hand, several other azoheteroarenes with five-membered heterocycles such as azopyrazoles
and azoisoxazoles have been proven to be more stable in Z-isomer state with exceptional
photoswitching properties that can also be tuned?>-?°. In this present work, our aim is to do
alkylation of azoheteroarene based photoswitches and studies thermal stability,
photoisomerization, aggregation behaviour. So far there is no such report of alkylation of
azoisaoxazole, azopyrazole. We choose azoisaoxazole for alkylation of isoxazole nitrogen by

using dimethyl sulphate or diethyl sulphate as alkylating agents.
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1.6 Tools and Techniques for Experiments:

To study the photoisomerisation behaviour of target molecule, we used UV-Vis and
fluorescence spectroscopy. Aggregation behaviour of the target molecules was analysed
mainly by conductivity measurements and fluorescence spectroscopy. Thermal stability of the
desired molecules was analysed using temperature-dependent UV-Vis spectroscopy and
temperature-dependent fluorescence spectroscopy. Kinetic studies were mainly carried out
using UV-Vis spectroscopy. Analysing the various data obtained through different experiments

were carried out using different software tools like Origin, MesterNova etc.



Chapter 2: Results and Discussion

2.1 Synthesis

The alkylated ionic salts of heteroazoarenes have been considered as the target molecules for
making photoswitchable ionic liquids in this investigation. In this regard, we have synthesised
two simple N-alkylated derivatives of phenylazo-3,5-dimethylisoxazole. Two different
alkylating agents, namely, dimethyl sulfate and diethyl sulfate, have been utilised for N-
alkylation of isoxazole nitrogen, and the optimised reaction scheme has been given (Scheme
2.1). The synthesised compounds were purified by washing the crude reaction mixture in
petroleum ether multiple times, which was then dried under vacuum to yield around 90%
products. All the synthesised molecules have been fully characterised by *H and **C-NMR,

HRMS, UV-Vis and fluorescence spectroscopic techniques.
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Scheme 2.1 General scheme for reactions



2.2 Analysis of photoswitching in the targets 1a and 1b using UV-Vis spectroscopy

The UV-Vis absorption spectra of both compounds 1a and 1b have been measured in DMSO.
First, the absorbance spectrum was recorded after heating to ensure that the molecules are in a
thermodynamically stable state (E-isomer). Then the compounds were irradiated with 365nm
UV light, at which isomerization (switching) is maximum. The UV-Vis absorption spectra of
the compounds were recorded at its PSS (photostationary state). A different wavelength of light

in the visible region was used for inducing reverse isomerization (Z to E isomer).

The photoswitching studies were conducted in five different solvents for both the compounds.
The solvents used for photoswitching studies were namely, DMSO, CHCIs, CH3OH, Water
and CH3CN. The spectroscopic data containing the percentage of conversion are summarized
in the given table. 2.1. The absorption spectra corresponding to the native state (before
irradiation) as well as at PSS corresponding to both forward switching (E-Z) and reverse
switching (Z-E) in different solvents are given in the appendix 5A.

The switching wavelength required by our molecules ranges from 405 to 470nm. Forward and
reverse switching is comparable in DMSO for both compounds (Their percentage of
conversion values are almost similar). For both, the compounds in CHCI3 forward switching is
quite efficient. Conversion of E to Z is almost complete in CHCIs but reverse switching did not
happen even under prolonged irradiation conditions. In order to get back to the native state, the
sample was heated. Conversion of Z to E is more feasible in 1a compared to 1b on heating.
Spectra of both the compounds in methanol have shown a well-separated n-7* and n-n*
absorption bands, whereas, in other solvents, those were not separated well. Interestingly, the

product 1b showed a redshift in the Amax, when it was switched back to E-isomer.

Kinetic studies of both compounds (concentration: 200mM) were carried out in DMSO at room
temperature (25 * 2 °C). Both the kinetic plots revealed an exponential growth and followed a
typical first-order rate constants. By using an exponential fit, the first-order rate constants were
estimated to be 2.1 x 107 and 3.8 x 10 min!, for 1a and 1b, respectively (Fig. 2.1a, b). The
half-lives obtained for methyl-substituted ionic liquid (1a) we synthesised was around 5.3
hours whereas, for ethyl substituted ionic liquid (1b), it was about 3.0 hours at room

temperature.



Table. 2.1 UV-Vis absorption data

Amax (NM) Percentage of
Conversion
S. Before
Compound | | Solvent Irradiation (E- Atter Forward ¢ | Back®
isomer) (g)? Irrqdlatlon Switching | Switching
(Z-isomer)
353 346
1 | DMSO | (8190 *152) 59 70
321 371
2 | CHCIs | (5746 +402) 86 52
314
1a 3 | CH3CN | (10891 +£190) 309 43 67
315
4 | Water (9690 * 226) 309 43 78
317
5 | CHsOH (7007 + 24) 307 49 81
387° 388°
326
1 | DMSO | (24216 £ 725) 295 63 74
321
2 | CHCIs | (24216 £ 725) 368 96 36
316
1b 3 | CH3CN | (4765 % 375) 309 49 82
326
4 | Water | (11546 = 157) 297 63 74
316
5 | CHsOH (12057 + 116) 310 56 65
388" 392P

aUnit of e — M1cm?

bBoth n-n* and n—n* peaks are well separated.
A(n-mx) absorption before irradiation

% of conversion of E-isomer =1 —

404 of conversion of E-isomer = 1 —

A(n—mx) absorption after irradiation at 365 nm
A(m—m+) absorption after irradiation at 365 nm

A(m—m+) absorption before irradiation
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Fig. 2.1 Reverse thermal isomerization kinetics plots for (a) 1a and (b) 1b

Long term photoswitching studies have also been carried out for these molecules. Long term
studies using compound 1b in DMSO shows very less stability. In this regard, the sample was
alternatively irradiated with 365nm (for forward isomerization) and 470nm (for reverse
isomerization) over five cycles. After each cycle, the molecule exhibited lower conversion
during reverse switching. This indicates that the molecule tends to stay is cis-isomer state, and
it is not returning to original trans- isomeric state. This behaviour can be due to changes in the
aggregation pattern of the molecule in DMSO. Long term photoswitching stability plot and

UV-Vis spectra of 1b is given in Fig. 2.2, and Fig. 2.3.

0.8 1

o
~
I
—~l

o
]
1

o
()
1

Absorbance
o
'S

o
w
1

0.2 4

0.1 | T T

//\ A )
AYAVAV,
[VAANA

0 1 2
No of cycles

3

Fig. 2.2 Long-term photoswitching of compound 1b
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Fig. 2.3 UV-Vis spectra of compound 1b for 5 cycles (Forward switching: 365 nm; Reverse
switching: 470 nm; Solvent: DMSO; Concentration: 25.0mM)

Temperature-dependent UV-Vis spectra of compound la before and after irradiating with
365nm light were also recorded in DMSO. Spectra was initially recorded at room temperature
and then increased by an increment of 10 °C till 100 °C, then cooled back to room temperature
at the same increment. While heating the sample towards 100 °C, we noticed that absorbance
value was decreasing with the increase in temperature. On attaining 100 °C, the compound
showed the least absorbance value. The absorbance value again increased upon cooling the
sample back to room temperature but it did not reach the original absorption maxima, which
we obtained when recording the first spectra. When the sample was subjected to cooling, there
was a slight redshift in the spectra. Fig. 2.4 depicts the temperature-dependent UV-Vis spectra
before irradiating (Fig.2.4 (a)) and after irradiation with 365nm light (Fig.2.4 (b)).
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irradiation

2.3 Fluorescence Studies:

While performing the solution phase photoswitching studies of both the target molecules, we
observed a green light emanating from the solution after irradiating at 365nm light for about
15-20 minutes (Fig. 2.4). We realized that the molecules must be showing fluorescence in the
cis form. The intensity of the emitted green light got increased as more molecules get converted

from E to Z isomer. The intensity gets saturated when all the molecules are get converted to Z-

11



isomer. Both the molecules showed this property in almost all solvents that we used to record
UV-Vis spectra.

To gain more information, fluorescence spectroscopic studies for both the molecules have been
carried out in DMSO. Both molecules were showing a broad emission when excited with a
light of 365nm. Both of the molecules emitted in the green light region of the spectra with
emission maxima around 475nm and 490nm for la (Fig. 2.4 (a)) and 1b (Fig. 2.4 (b)),
respectively. Presumably, there could be some form of aggregation happening to molecules at
the concentration in which these experiments are performed (100uM) when they get converted
to Z-isomer due to which they were showing fluorescence behaviour in solution, and the
molecules were non-fluorescent in E-isomeric state. The understanding of the exact reason for

this behaviour is currently underway.
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Fig. 2.4 Comparison of fluorescence spectra of (a) Compound 1a and (b) 1b in DMSO
(Concentration: 100.0uM)

To understand more about this fluorescence behaviour, we performed TCSPC experiments.
Fluorescence lifetime measurements were performed for both 1a and 1b in DMSO using time-
correlated single-photon counting (TCSPC) technique. The fluorescence lifetimes
of 1a and 1b were measured upon excitation at 375nm with a laser diode. Decay profiles at
emission wavelengths of 475nm (corresponding to 1a) and 490nm (corresponding to 1b) were
studied. Fig. 2.5 shows the fluorescence decays along with fitted plots. Fitting parameters and

lifetimes are given in Table 2.2.
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Fig. 2.5 (a) & (b) Fluorescence lifetime decay plots of 1a (a) and 1b (b) in DMSO

14




Table 2.2 Fluorescence lifetime analysis of molecules at their emission maxima

Compound T1 T2 T3 * 2
Gex=3750m) | ™M) | G 1)ms) | (@2)(ns) | (@3)ms) | e 8) | %
la a75 | 070 | 160 i 080 | 1.29

(0.86) | (0.14)

1.90 5.40 0.17
1b 490 (0.38) (0.19) (0.43) 1.80 1.35

A slower decay was observed for compound 1a emission at 475nm with a lifetime of 0.70ns
than the compound 1b emission at 490nm with a lifetime 0.17ns (given in figure 2.4(a) and
2.4(b) respectively). The average lifetimes of the decay for both 1a and 1b were obtained to be

0.80ns and 1.80ns, respectively.

Compound 1a is showing fluorescence property even in E-isomeric state after heating it in
DMSO. This behaviour is only observed when the solvent used is DMSO, and it is not observed
in any other solvents. Heated sample also shows fluorescence even after irradiating with 365nm
light. Fluorescence spectra of heated sample before and after irradiation with 365nm light is

given in Fig. 2.6. Both spectra’s are similar to each other with Aex at 475nm.
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( ) 100000 -
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80000 -

60000
60000

40000 - 40000 4

Intensity(cps)
Intensity(cps)

20000 - 20000 -

0 04

T T T T T T T 1 T T T T T T T 1
350 400 450 500 550 600 650 700 750 350 400 450 500 550 600 650 700 750
Wavelength(nm) Wavelength(nm)

Fig. 2.6 Fluorescence spectra after heating the compound 1a in DMSO (a) E-isomer after
heating in DMSO and (b) Z-isomer after heating in DMSO

To understand more about this behaviour of our compound 1a, which shows fluorescence

property in E-isomeric state on heating, we recorded temperature-dependent fluorescence

15



spectra in DMSO. We recorded the fluorescence spectra for two heating cycles, starting with
room temperature up to 100 °C with an increment of 10 °C. Then the sample was cooled down
to room temperature in the same way. Similarly, fluorescence spectra recording was continued
for the second cycle. Compound la did not show fluorescence behaviour until 95 °C. On
cooling back to room temperature, the fluorescence intensity increased again and reached a
maximum value at room temperature. During heating again in the second cycle, fluorescence
intensity was decreasing with the increase in temperature. During the second cooling cycle,
fluorescence intensity keeps on increasing with the decrease in temperature and reaches the
maximum value, which is higher than the first cycle. Individual spectra of each, cycle as well

as combined spectra of both heating cycles, are given in Appendix 5B.

The maximum intensity of each fluorescence spectra was plotted against the corresponding
temperature. The combined plots were found to obtain a hyperbolic form. From the plots of the
first cycle, we can clearly see that 1a is showing fluorescence only beyond 85 °C. On cooling
intensity is further increasing and reaches a maximum intensity of around 1200 at room
temperature. In the second cycle, both heating and cooling cycles showed a hyperbolic curve
with an intensity decreases on heating, whereas intensity increases on cooling and reaches a
maximum value around 1800 at room temperature. The plots of maximum intensity against

temperature are given in Fig. 2.7.
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Fig. 2.7 Plots depicting the fluorescence intensity changes as a function of temperature (a)
First cycle and (b) Second cycle (the intensity corresponds to the emission maxima was

utilized for both the cycles)

2.4 Conductivity Studies:

Conductivity studies were performed to understand the difference in conductivity values in
both cis and trans isomeric states. Conductivity studies were performed for 1b in distilled water
before and after irradiating with 365nm light. We found that after irradiating with 365 nm light,
conductivity values are slightly higher compared to the conductivity before irradiation. Plots
of conductivity against concentration are given in figure 2.8. This indicates that Z-isomer is
showing more conductivity than E-isomer, which might be due to higher mobility as a result
of the change in the shape and size upon irradiation. However, this phenomenon may also be
due to the aggregation of molecules upon converting into cis-isomer due to which the
conductivity value gets increased slightly. These preliminary studies need more studies for

understanding the exact reason for this behaviour.
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Chapter 3: Conclusions and Discussions

The goal of our project was to synthesise room temperature photoswitchable ionic liquids.
Towards this goal, we designed two target molecules having phenylazo-3,5-dimethylisoxazole
as a photoswitchable unit quartered with alkyl groups at the isoxazole nitrogen atom. Both the
target molecules were successfully synthesised and fully characterised by NMR and HRMS.
UV-Vis studies were performed for understanding their photoswitching behaviour. Target
molecules 1a and 1b showed quantitative photoswitching in different solvents used.
Interestingly, both molecules did not undergo reverse switching in chloroform upon irradiation
with varying wavelengths of light or under prolonged irradiation condition. In these cases,
reverse switching was only possible through heat. Both molecules were exhibited fluorescence
behaviour when irradiated with 365nm light in cis isomeric form. Compound la showed
fluorescence property even in trans isomeric state after heating it in DMSO. This behaviour
was only observed when DMSO was used as the solvent, whereas such emission behaviour
was not observed in any other solvents. Temperature-dependent fluorescence studies showed
an interesting result of increasing fluorescence intensity with cooling, whereas it gets decreased
on heating. Although aggregate induced emission phenomenon can be considered for
explaining this, the reversal of such emission in the presence of light and also the dependence
of temperature makes these phenomena more interesting—more studies needed to be
performed to understand this behaviour.

Preliminary conductivity experiments showed that cis isomer had higher conductivity
than trans isomer. For explaining the aggregation property, conductivity experiments before
and after irradiating with 365nm light and varying concentrations have to be performed. DSC
experiments have to be performed to determine the phase transition temperature. The following
of photoswitching behaviour using NMR spectroscopic studies and also the determination of
the exact percentage of photoisomerisation, in particular at different concentration, are highly

desired in understanding such phenomena.
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Chapter 4: Materials and Methods

4.1 General

All commercially available reagents and solvents were purchased either from Sigma Aldrich,
TCI, Alfa Aesar or Avra and were used without purifications unless otherwise mentioned.
Purification of the products was carried out either by column chromatography on silica gel
(Merk) mesh size 100-200um or on neutral alumina. Merck Silica gel 60 F254 TLC plates were
used to perform thin-layer chromatography. Waters Synapt G2-SiQ-TOF mass spectrometer
was used to record high-resolution mass spectra. HRMS spectra were gotten from a TOF mass
analyser by utilising electrospray ionisation (ESI) in both positive and negative modes. FT-IR
spectra were recorded on Perkin-Elmer ATR spectrometer. UV-Vis photoswitching and
kinetics studies have been performed utilizing quartz cuvettes on an Agilent Cary 5000 UV-
Vis NIR spectrophotometer, whereas temperature-dependent UV-Vis experiments have been
performed in Agilent Cary 60 UV-Vis spectrophotometer. Fluorescence spectra were recorded
on Horiba Scientific Spectrofluorometer using four-sided quartz cuvette, whereas temperature-
dependent spectra were recorded using Hitachi F-7000 spectrofluorometer.*H and 3C NMR
spectra were recorded in CDCL3 (Sigma-Aldrich) in Bruker Avance-111 400MHz spectrometer
(operational frequencies 400 and 100 MHz, respectively). Chemical shift values (8) are
reported in parts per million (ppm), and Coupling constants (J) are reported in Hz. Signal of
residual CDCL3 (7.26 ppm) has been used for internal calibration. Fluorescence lifetime
measurements were recorded using the Horiba Scientific TCSPC instrument with 370nm laser
source. Photoexcitation experiments were conducted using commercial 365nm laser light
source or commercial LED light source from Applied Photophysics. Conductivity
measurements were recorded using PICO pH and conductivity meter. NMR data were
processed using MesterNova software, whereas UV-Vis, Fluorescence and TCSPC data were
processed using Origin 9.0. Molecular structures and reactions schemes were drawn using

ChemDraw professional 15.0.
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4.2 Synthesis

In a 50ml RB flask, aniline or substituted aniline (5.0mmol) is added into distilled water and
cooled to 0°C. Concentrated HCI (37%, 1.6ml) was added dropwise to the mixture with
continuous stirring to get a clear solution. A cold aqueous solution of NaNO (5.5mmol)
dissolved in 5ml distilled water was added dropwise to the reaction mixture. The reaction
mixture was stirred for 30 minutes at 0 °c till diazonium salt intermediate is formed. In a conical
flask, a solution of sodium acetate (17.5mmol) and acetylacetone (5.0mmol) was dissolved in
25ml of distilled water, and 3ml of methanol was added to it and cooled to 0 °c. This reaction
mixture was charged with diazonium intermediate dropwise and stirred for 2 hours in room
temperature. Completion of the reaction was monitored through TLC. A yellow to orange
precipitate obtained was filtered and washed with water and dried in vacuum to get the desired
product?®,

(E)-3,5-dimethyl-4-(phenyldiazenyl)isoxazole

o-N

M\
\
N

’,

N

O

A mixture of arylazoacetylacetone derivative (1.0mmol), hydroxylamine hydrochloride

(2.5mmol) and sodium carbonate (1.5mmol) was refluxed in 10ml ethanol. The reaction
mixture was monitored by TLC. After completion of the reaction, the solvent was evaporated
and purified by column chromatography (1:50) ethyl acetate/hexane mixture?®.

Colour: yellow solid, Yield: 88% Melting point: 55-57 °C 'H NMR (400 MHz, CDCl3) &
2.53 (s, 3H), 2.75 (s, 3H), 7.44-7.51 (m, 3H), 7.80-7.82 (m, 2H); 13C NMR (100 MHz, CDCl5)
8 11.77,12.23,122.27,129.14, 130.80, 132.52, 152.93, 153.78, 169.52; HRMS-ESI: [M+H]*
202.0980, found 202.0973%.

IR (ATR, cm™) 3041, 2923, 1613, 1411, 1061, 763%°.
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(E)-2,3,5-trimethyl-4-(phenyldiazenyl)isoxazol-2-ium methyl sulfate

A mixture of Arylazo-3,5-dimethylisoxazole (0.5mmol) and dimethyl sulphate (0.75mmol)
was refluxed in 4-6ml of ACN for two hours. The reaction mixture was washed in diethyl ether

3-4 times and dried in vacuum to get the desired product.

Colour: yellowish orange, Yield: 90% 'H NMR (400MHz, CD30D-d4) § 2.97(s, 3H), 2.99(s,
3H), 4.37(s, 3H), 7.62(m, 3H), 7.97-7.99(m, 2H) 3*C NMR (100MHz, CDs0D) & 12.25,
12.33, 20.70, 39.03, 117.11, 123.99, 130.57, 134.11, 153.64, 170.07 HRMS-ESI: m/z:
2016.11009.

IR (ATR, cm™): 858, 1032, 1152, 1554, 1612, 2509, 2853, 3042, 3417.

(E)-2-ethyl-3,5-dimethyl-4-(phenyldiazenyl)isoxazol-2-ium methyl sulfate

Et

/

O-N® O

\\ EtSO,
/%)\

_N

é

A mixture of Arylazo-3,5-dimethylisoxazole (Immol) and diethyl sulphate (1mmol) was

refluxed in 4-6 ml of ACN for 12 hours. The reaction mixture was washed in diethyl ether 3-

4 times and dried in vacuum to get the desired product.

Colour: orange, Yield: 90% *H NMR (400MHz, CD30OD-d4) 6 1.49-1.52(t, J = 7.2, 3H), 2.82(s,
3H), 2.83(s, 3H), 4.37(q, J = 7.2, 2H), 7.62(m, 3H), 7.97-7.99(m, 2H) HRMS-ESI: m/z:
230.168.

IR (ATR, cm™): 862, 1032, 1151, 1424, 1643, 2366, 2940, 3059, 3408.
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Fig. 5A.1 Analysis of photoswitching behaviour of 1a using UV-Vis spectroscopic studies in
different solvents
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isonicotinichydrazone and its complexes.

Supervisor: Dr. M.R.Prathapachandra Kurup, Cochin University of Science and Technology
(CUSAT), Kochi.

Synthesis of Transition Metal Complexes and study their structure using
various spectroscopic techniques.

Supervisor: Dr. M.R.Prathapachandra Kurup, Cochin University of Science and Technology
(CUSAT), Kochi.

Research Skills+

Analytical skills
FTIR,ATR,AAS, UV-VIS, Fluorescence, NMR, Mass Spectrometry, Polarimeter,
Potentiometer, Conductometer, TCSPC.

Computer Skills

Programming Python, Sage.

Languages

Tools

English

Origin, ChemDraw, Mesternova, Scifinder.

Conferences and Workshops

- 1t CRIKC CHEMISTRY SYMPOSIUM (CCS-2019)
Attended the conference on 2™ and 3™ November 2019, IISER Mohali

o Academic Publishing for Quality Research: How to Get Published and
Avoid Pitfalls

Workshop organized by Wiley at ISER Mohali on 7™ December 2019

Fellowships, Credentials

o DST Inspire research fellowships: Aug 2015 to May 2020.

o Amongtop 1%inHigher Secondary Examinationsconductedby KeralaBoardof Higher
Secondary Education.

o Received Scholarship funded by DST, Government of India for doing Summer Internships.
o Participated in“KeralaSchool Sasthrolsavam-2013"(State levelsciencefair).

Languages
Fluent in reading, writing and speaking.

Malayalam Mother Tongue.

Reference

Dr. Sugumar Venkataramani

Assistant Professor

Department of Chemical Sciences, IISER Mohali

E-mail: sugumarv@iisermohali.ac.in

Website: https://sites.google.com/site/sugumarvenkataramani/home
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