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ABSTRACT

Anthraquinone and coumarin based dyads with dansyl chloride were synthesized for the
detection of CN" ions. Probe 1 showed absorption and emission band at 390 nm and 510
nm in CH3CN : H,0 (95 : 5, v/v) respectively. The addition of CN" ions led to red shift of
63 nm in absorption spectra hence, shifted the band from 387 nm to 486 nm. Similarly,
there was a red shift of 100 nm in emission which led to appearance of band at 610 nm
from 510 nm accompanied by a visible color change from colorless to dark yellow and
fluorescence changed from green to red. The mechanism responsible for the change was
cleavage of S-O bond on encounter of CN" ions. The detection limit estimated was 3.5
nM. Probe 2 showed the emission band at 520 nm in CH3;CN : H,O (90 : 10, v/v). The
addition of CN" ions resulted in an enhancement and a blue shift of 70 nm, thus shifted
the band from 520 nm to 450 nm. The fluorescence changed from green to blue.The
reason being cleaveage of S-O bond. The detection limit was calculated as 17 nM. Probe
3 showed absorption band at 330 nm and emission was at 466 nm. Probe 3 did not show
change with any anion in CH3CN : H,O (90 : 10, v/v).



Chapter 1

Introduction and literature review

Supramolecular chemistry is defined as a branch of chemistry that deals with molecular
assemblies which correspond to a large molecule. This huge molecule has a number of
atoms such as oxygen, sulphur and nitrogen in the form of functional groups or present in
the ring, which can act as sensing entities for anions, metals and neutral species.® The
sensing can occur due to binding at one place or two etc. depending upon the architecture
of the supramolecule and nature of the ion to be sensed. A chemosensor is actually an
entity to which ion binds, and thus it sends optical signals and convert it to analytical
signals which are studied, recorded and interpreted using instruments such as UV-Visible
and spectro-fluorometer in the form of absorbance and intensity variation with respect to
wavelength. The molecule can form different kinds of non-covalent interactions, such as
hydrogen bonding, complexation, self-assembly, TI-IT stacking etc.*® On basis of these
interactions the chemosensor exhibit different phenomenon as ICT, ESIPT, CHEF, PET,
C=N isomerization, FRET, TBET or scission in the bond thus leads to release energy in
the form of fluorescence these are referred as “off-on” sensors. Sometimes, the above
phenomenon is already present in the molecule, but the encounter of some anion can
quench fluorescence, unlike other ions which do not affect its fluorescence such type of
chemosensors are called as “on-off “sensors. Chemosensors is thus an abiotic molecule
that binds with an analyte through coordination that is; the reaction is reversible.®®
Chemodosimeters, on the other hand, are abiotic molecules that combine with the analyte
and cause particular breaking and making of bonds thus responsible for the irreversible
reaction. eg. Ring-opening in rhodamine B, S-O bond scission in nosylate based sensors
etc. Chemosensors and Chemodosimeters both act as sensors for the detection of the

ions. 10
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There are other techniques which help in the detection of anions, metals and neutral
species such as atomic absorption spectroscopy, electrochemical sensing, inductively
plasma atomic emission spectrometry but these methods are expensive and tedious hence
designing of fluorescent probes as sensors are encouraged as they are highly sensitive and
responds immediately to the analytes in the form of ratiometric and colourimetric
changes. Sensors with ratiometric and calorimetric changes are more preferred as
ratiometric changes do not get affected by the external environment or reduce chances of

instrumental errors, whereas colour changes can be seen quickly by naked eyes.

There are number ions in nature which are required for the normal functioning of the
human body. If they are present in an adequate amount, they help the functioning of the
human body in an appropriate manner. However, their excess can cause number disease,
which leads to abnormalities in the human body such as Hg®*causes Minamata disease,
CN" can bind with haemoglobin, Pb®* affects the nervous system. Hence, the detection of
these metals and anions has become an essential area of research.

Cyanide is a highly toxic anion which affects human and animal health as a result of
which it has become essential to detect its presence in the environment. It has a high
nucleophilic character which makes it more prone to undergo various types of reactions
with compounds that exist in nature thus, make them either poisonous or create problems
in normal functioning like when cyanide combines with the iron of cytochrome c
oxidase it leads to electron transport malfunctioning which ultimately reduces oxidative
metabolism of humans. It can combine with the blood very quickly hence causes low
oxygen content in the body along with symptoms like vomiting, nausea and dizziness. Its
inorganic salts such as KCN and NaCN are poisonous which are regarded as one the
sources of cyanide along with other industrial water discharges and naturally occurring
substances (bitter almonds, peaches etc.). These salts are ionic in nature, thus dissolve in
water bodies easily as compared to organic cyanide compounds. All these detrimental
effects have encouraged the researchers to develop highly sensitive, ratiometric and

colourimetric sensors for the detection of cyanide.

A number of the sensor has been discovered for its detection, some have either

ratiometric or colourimetric changes, but sensors with ratiometric as well as colorimetric
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changes along with high selectivity and sensitivity are very rarely reported in the
literature. Herein, we have designed and synthesized a highly sensitive, colourimetric,
ratiometric chemosensors based on coumarin and anthraquinone moieties. No doubt, in
the fact that a number of chemosensors based on these two moieties has been reported
earlier in the literature which show different phenomenon such C=N isomerization, ICT,
PET, ESIPT, CHEF but the sensors with dansyl group having amine, undergoing scission
at C-O bond are scarce for detection of cyanide . However, coumarin and anthraquinone
based sensors, along with nosylate groups, are well known.

Pandey et al. synthesized and studied compound 1, which can be used as a
chemodosimeters for F* ions based on the fact that compound 1 is non - fluorescent
initially, due to the presence of nitro group in 4-Nitro benzene sulfonate, but it undergoes
cleavage in S-O bond in the presence of fluoride ion which is responsible for the release
of green fluorescence.’ Nitro group stimulated the cleavage of S-O bond which was
supported by the fact when they synthesized compound 2 that did not have nitro group as
a result, it remained non- fluorescent in presence of fluoride ions. It was the electron-
withdrawing nature of the nitro group that facilitated enhanced ICT in compound 1. The
absorption band of compound 1 was observed at 313 nm for in acetonitrile, but the
addition of fluoride leads to the appearance of strong absorption band at 419 nm whereas
other metals and anions did not show any significant change. Moreover, in fluorescence
studies, it was revealed that fluoride was responsible for the appearance of emission band
at 503 nm when excited over 432 nm and in addition to that it increased the fluorescence
to 40-folds suggesting scission in S-O bond, but other metals and anions do not cause any
noticeable or mere changes in fluorescence as well. Thus, all these changes and
appearance of green colour which can be seen through naked eye make compound 1
highly selective for fluoride with a detection limit of 9.70x10 ® M and 8.78x10° M in
absorption and emission respectively. The compound 1 showed application as a detector

for fluoride ions in toothpaste.
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Wang et al. designed compound 3 that detected captopril in solvents ethanol : water (80:
20) at pH 9.5 NH; — NH,CI buffer.”® It was observed that compound 3 showed an
absorption band at 261 nm and 308 nm and emission band was at 446 nm in the absence
of captopril. However, the addition of captopril corresponded to absorption band at 364
nm and an emission band at 446 nm with an increase in fluorescence. These changes were
observed due to scission in S-O bond by thiolate in captopril, which in turn was initiated
by electron-withdrawing groups present in the compound 4. Hence, the fact was proved
when the compound 4 having an electron donating group did not show any expected
change, which provided evidence about the significant role of withdrawing group in S-O

bond scission. The detection limit estimated was 2.2 ng mL™.
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Yang et al. synthesized compound 5, which was based on its nucleophilicity, and it was
weakly fluorescent.'® However, it undergoes S-O bond cleavage and thus leads to strong
fluorescence ( yellow colour can be seen with the naked eye ) as it releases compound 6
when it comes in contact with S* anion. The absorption band was at 453 nm; however,
when incubation with sulphide was done absorption band appeared at 490 nm, and the
emission band was at 513 nm with huge enhancement in acetone : water ratio. On the
other hand, no interference from other ions was detected; hence, it was selective towards
sulphide only. The detection limit was 4.3 nmol L™ . The compound 5 was used to detect

sulphide in wastewater.
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Yang et al. prepared compound 7, which can sense highly toxic ion cyanide on the basis

of its I1-conjugated system, which can induce ICT between coumarin and indole moiety



to form compound 8.* This ICT is blocked between two moieties on incubation of
cyanide ion as a result of which enhancement in fluorescence is being observed along
with a red shift in absorption. Initially, the absorption band was observed in DMSO : H,0
(95:5) at 550 nm but the addition of CN"was responsible for the new band at 444 nm and
disappearance of the former band while in fluorescence studies the emission band
appeared at 465 nm and fluorescence enhanced by 20-folds on cyanide addition. Other
ions did not show any considerable change in absorption and fluorescence. The
compound 7 was used to detect cyanide in natural and tap water.

Yang et al. designed and prepared compound 9, which had coumarin and benzethonium
connected through a conjugated system and exhibits high ICT in it.'® It can be used as a
detector for cyanide ions in MeCN : water (9:1), which leads to an absorption band at
455 nm instead of appearing at 553 nm in absence of cyanide ion while emission band
appeared at 624 nm but addition of cyanide was responsible for appearance of band at
488 nm hence change in color occur from pink to bluish-green in presence of cyanide
which had affected ICT and extended conjugation severely. Hence compound 9 is a
ratiometric and colourimetric sensor for detection of CN" as other ions did not show any
significant changes. The detection limit was 0.64 pM.

Zang et al. designed compound 10 which can be used as a sensor for bisulphite anion
based on its ability to attract bisulphite at itself at the conjugated bond that connects the
two moieties, hence inhibits ICT but coumarin itself can give fluorescence.’® The

absorption and emission band appeared at 585 nm and 667 nm respectively, while



addition HSO, led to band appearance at 430 nm and 460 nm in succession with colour
changes from blue to colourless in absorption when studied in MeOH : PBS buffer
solution ( pH 7.2 ) . The kinetics was also studied for this reaction. The detection limit
was calculated as 27 nM. The moiety is stable between pH 2-8. Hence bisulphite was

detected in wine, sugar and ina biological system.
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Gyu et al synthesized compound 12 which can be used as a sensor against F~ and S* on
basis of colorimetric and ratiometric changes induced when compound 12, encounters
with these ions and the changes are attributed due to S-O bond cleavage in the
compound.® Initially, the absorption band appeared at 335 nm and 433 nm in acetonitrile
but on addition of sulphide and fluoride these bands disappeared and lead to formation of
new intense bands at 550 nm, 569 nm and 587 nm owing to formation of resorufin
fluorochrome which leads to change in color from yellow to pink. The fluorescence
studies depicted appearance of band at 550nm before the addition of anions but on
addition of 10 equivalents fluoride and sulphide, the band appeared at 591 nm. However,
other ions did not show any such change in absorption as well as fluorescence. The
selectivity between sulphide and fluoride can be achieved by using Cu (Il) along with
TPEN (N, N, N’, N’- tetrakis (2- pyridinylmethyl) -1, 2- ethanediamine) as it interact
which suppress the signals hence, help to attain selectivity for fluoride ion alone. 12(a) as
it is more selective rather than R(b) and R(c) which have interferences from other anions

as well. The detection limit was estimated to be 1.9 x 10> M for fluoride ions.
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Asthana et al. synthesized compound 13 on the basis of nucleophilic and basic character
of fluorescein nosylate.?X The moiety undergoes deprotection from nosylate under the
presence of fluoride thus it acts as detector against it as gives yellow color
instantaneously. The absorption band appeared at 457 nm and 490 nm while emission
band was at 590 nm with poor intensity in absence of fluoride. However, on addition of
fluoride the absorption band appeared at 517 nm instead of 457 nm and 490 nm while
emission band was noticed at 590 nm with enhancement of 60 folds upon excitation was
at 490 nm. The process occurred in two steps, the first step involved cleavage in S-O
bond followed by deprotection of OH group by fluoride owing to basic character. The
studies of other ions did not show any significant change, hence it was selective for
fluoride with a detection limit of 4.6x107 M in UV-visible and 2.6x10® M in

fluorescence as evaluated.
Y
0 NO,
LT
HO 0 (o) %
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Shweta et.al designed compound 14 based on anthraquinone nosylate moiety which could
sense fluoride ion by giving ratiometric and colorimetric changes due to scission in S-O
bond.?? The absorption band of free compound 14 in MeCN appeared at 395 nm while on
incremental addition of fluoride lead to formation of band 470 nm with a red shift of 75
nm and accompanied by color change from yellow to orange. In case of fluorescence, the
compound 14 showed an emission band at 510 nm but addition of fluoride to it
corresponds to emission band at 592 nm with shift of 82 nm and change in color from
yellow to orange. It was observed that other anions did not cause any change in spectra as

result it is highly selective for fluoride. Later, it was analysed sulphide can interfere in
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detection but the color change for sulphide remains only for sometime while in case
fluoride it is for longer time explained on basis of HSAB concept. The detection limit
calculated using fluorescence titration was 3.45x10™° M. The dry strips were used to
ensure the practical applicability.
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Ren et.al designed compound 16 with R that could undergo C-O bond cleavage when it
encounters cyanide and give color change which can be observed with naked eye along
with ratiometric changes such as absorption band at 411 nm in presence of cyanide in
MeOH : water (19:1) in a buffer sodium phosphate (pH 7.2) while free ligand displayed
band at 343 nm when R is ‘nitro’ group.23 However, when R is ‘H’ then absorption band
was observed at 307 nm in absence of cyanide but in presence of cyanide, the band
appeared at 410 nm. Furthermore, NMR titrations were done to confirm the observations
and cleavage of C-O bond along with oazine ring opening. The substituent present at R
position influenced the sensing property of the compound 16.The detection limit was
calculated 1x10° M.

16(a)=H 17(a)= H

16(b)=NO, 17 (b)=NO,

Xiong et. al synthesized a novel compound 18 for the detection of thiophenols which was
chromoflourogenic, water soluble squaraine based sensor which led to oxygen carbon

bond scission when thiophenol encounter the compound 18.* The absorption and



fluorescence studies were done in aqueous PBS buffer and absorption band was seen at
556 nm however, addition of thiophenol led to red shift and appearance of band at 626
nm along with color change from blue to pink but it showed poor emission band in PBS
(pH 7.4) but addition of thiophenol was responsible for a strong band at 635 nm with 30
fold enhanced fluorescence. Compound 18 did not show interference from other species
such thiols hence, it is highly selective for thiophenols. The kinetics and equilibrium for
the reaction was also studied revealing it was a stable moiety. The water sample from
river was collected in order to check the applicability hence it was successfully

determined.
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Wang et al. synthesized compound 19 which can be used to detect benzenethiols in food
sample, cosmetics, pharmaceutical and chemical industries.” The sensing properties were
studied between pH 3.0-10.0. It was formulated from that studies no change in emission
was observed between pH 5.0-7.4 but enhancement from 3-5 and 7.4-10.0. Hence, led to

support the fact benzenethiols are stable from 5.0-7.4 pH range.

O,N
2

20

1.1 Research gap

Based on the review of the literature we have found be anthraquinone and coumarin based
chemosensor had been synthesized in the past and had been used as sensor for reactive
species and nucleophilic ions. However, chemosensor based on S-O bond scission are not

much explored particularly having dansyl group in them. Hence, on basis this we have
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designed, the new molecules containing dansyl moiety which react with reactive species

and nucleophilic ions and cause cleavage in the reactions.

1.2 Motivation

The compound 21 was synthesized in the lab and had both electron acceptor units. This
compound 21 served as excellent detector against cyanide ions and had good absorption
and emission’®, Therefore, we appended dansyl, which is an electron donor unit with
anthraquinone. Similarly, coumarin was appended with dansyl as coumarin also serves as
good electron acceptor unit. Thus, the molecules having donor and acceptor unit was

synthesized to check the photophysical properties.

O HN \
e 909
4909 i
Probe 1

N CH
CH, 3
"
0

Probe 2

1.3 Objective
On the basis of studied research gaps following objectives were designed :
e Synthesis of highly chromofluoresent compounds containing anthraquinone and
coumarin compounds appended with dansyl moiety.

e To study the photophysical properties of synthesized compounds towards reactive
species and nucleophilic ions.
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Chapter 2

Experimental Section

2.1 Material and Methods

The chemicals were purchased from Sigma Aldrich, Loba chemicals and Spectrochem.
All these chemicals used were not purified further and used as such. The analytical grade
solvents from Spectrochem were used for the studies. The reaction was monitered by
using TLC. The characterization of the structure was done by *"H NMR and recorded on
JEOL ECS-400 MHz. The samples were soluble in CDCI3 and hence structure analysis
was done in it. The chemical shifts were reported in ppm with reference to TMS. The
absorption spectra was recorded at SHIMAZDU-2600 and fluorescence spectra at Varian
Cary Eclipse spectrophotomter with excitation and emission slit be 10 — 10. The metal
and anion solutions were prepared of 1x10* MolL™in MeCN depending upon solubility
which were further diluted using different solvents during photophysical studies
depending upon the requirement. The various metallic salts were used to prepare the
solution of metals while Tetrabutylammonium salts were used for anion preparation. The
stock solutions of the compounds were prepared in DMSO and MeCN of 10° M

concentration. The stoichiometry was calculated by using Job’s plot.

2.2 Calulation of binding constant and detection limit

Benesi-Hildebrand equation was used to calculate the binding constant of the ligand with

the different analyte. The equation is :

1 1 1
I-To Ka (Imax - Io) [C]n Imax - Io

where,

C = concentration of analyte

K, = binding constant to be determined

n = number of analyte bound to a single molecule of ligand

| = the absorption and emission intensities in absence of analyte

I, = the absorption and emission intensity at an intermediate concentration

Imax = refers to the concentration at which the analyte interact with the ligand completely

12



The equation mentioned below was used to evaluate the detection limit (DL ) :

DL 3 3 x Standard deviation of the blank solution

slope of calibration curve

2.3 Job’s Plot

The solutions containing probe, cyanide were prepared with different concentration such
that the total volume of both anion and probe remained constant during each titration but
the concentration of either anion or probe was varied. The observed intensity was plotted
with mole fraction of cyanide ions at particular wavelength.

2.4 Experimental section

2.4.1 Synthesis of Anthraquinone based moieties

2.4.1.1 Synthesis of 2-(4-hydroxyphenyl)-1H-anthra[1,2-d]imidazole-6,11-dione :

1,2 diaminoanthraquinone (1 mol, 0.238 g) and 4- Hydroxybenzaldehyde (1 mol, 0.122 g)
was mixed in nitrobenzene and refluxed for about 24 hour (Scheme 2.1). The progress of
the reaction was monitored by checking the TLC in ethyl acetate and hexane (1:1, v/v).
The product obtained was brown colored solid which was filtered and washed with

diethyl ether followed by drying to get pure compound 1. Yield =0.293 g

2.4.1.2 Synthesis of 4-(6,11-dioxo-6,11-dihydro-1H-anthra[1,2-d]imidazol-2-yl) phenyl
(dimethylamino)naphthalene-1-sulfonate ( probe 1) :

The synthesized compound 1 (0.2 mol, 0.36 g) was refluxed further with dansyl chloride

(0.5 mol, 0.135 g) in THF as a solvent for 24 hours (Scheme 2.1) to get desired probe 1.

The reaction was monitored by using TLC with solvent system, ethyl acetate : hexane

(2:1, v/v). The structure of the product was confirmed by NMR spectroscopy.

0.430 g, % yield = 86%, red color, m.pt = 230 °C, *H NMR (400 MHz, CDCls), 8, ppm :
8.63 (1H, d, J = 8.4 Hz, NH ), 8.51 (1H, d, J = 8.8 Hz), 8.35-8.33 (1H, m, ArH ), 8.28-
8.22 (2H, m, ArH), 8.10-8.08 (2H, m, ArH), 8.01-7.99 (2H, m, ArH), 7.84-7.81 (2H, m,
ArH), 7.75-7.71 (1H, m, ArH), 7.47-7.44 (1H, m, ArH), 7.13 (2H, d, J = 8.8 Hz, ArH),
2.34 (6H, s) (Figure 2.1).
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Scheme 2.1. Synthesis of Probe 1

6.19

Tse 40

11.233

Figure 2.1. '"H NMR of Probe 1

2.4.2 Synthesis of Coumarin based moieties

2.4.2.1 Synthesis of 4-methyl-2-ox0-2H-chromen-7-yl 5-(dimethylamino)naphthalene-1-
sulfonate( probe 2):
4-methyl lumbelliferone (0.1 mol, 0.176 g) and and dansyl chloride (0.1 mol, 0.270 g)

were mixed in THF and refluxed for 24 hours (Scheme 2.2) followed by reaction
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monitoring using TLC in ethyl acetate:hexane (3:7, v/v) as solvents. A yellow colored
solid was obtained. The product was filtered and washed with water. NMR was used to
confirm the formation of probe 2 (Figure 2.2). 0.346 g, % yield = 77 % yellow, m.pt =
111.5 °C, *H NMR (400 MHz, CDCls), 8, ppm : 8.62-8.60 (1H, d, J = 8.8 Hz ), 8.43 (1H,
d, J=8.8 Hz), 8.08 (1H, d, J = 8.4 Hz), 7.70 (1H, d, J = 16.4 Hz), 7.48 (2H, d, J = 8.8
Hz) , 7.24 (1H, s), 7.05 (1H, d, J=7.8), 6.72 (1H, s), 6.21 (1H, s), 2.34 (6H, s, CH3), 1.26
(3H, s).

N,
CH; N CH,4
o0 C0 2 o0
\ N\
50°C /S\
HO (6] (0] (@) (6) (6] \O
3 0=S=0

| 2
o) Probe

Scheme 2.2. Synthesis of probe 2

Figure 2.2. 'H NMR of Probe 2

2.4.2.2 Synthesis of ethyl 7-hydroxy-2-oxo-2H-chromene-3-carboxylate

2, 4 dihydroxybenzaldehyde (0.2 mol, 0.414 g) and diethyl malonate (0.3, 0.160 g) were
refluxed for 2 hours in ethanol with the addition of piperidine in catalytic amount
(Scheme 2.3). The progress of the reaction was done using TLC in pure chloroform as a
solvent. A yellow colored solid for compound 4 was obtained which was filter, washed

with water and dried.
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2.4.2.3 Synthesis of ethyl 2-oxo0-2H-chromene-3-carboxylate compound with methyl 5-

(dimethylamino)naphthalene-1-sulfonate (3)

The compound 4 (0.1 mol, 0.235 g) and dansyl chloride (0.15 mol, 0.300 g) were stirred
together at room temperature for 8 hours in DCM solvent (Scheme 2.3). The reaction was
monitored using TLC in chloroform. A yellow colorless solid was obtained which was
filtered, washed and dried. NMR spectroscopy was done in order to confirm the structure
of the compound synthesized (Figure 2.3). 0.500 g, yellow, 105° C, *H NMR (400 MHz,
CDCly), (8 ppm) : 8.65 (1H, d, J = 6.80 Hz, ArH), 8.42 (2H, t, J = 4.05 Hz, ArH), 8.11
(1H, d, J = 5.84 Hz, ArH), 7.71 (1H, t, J = 6.32 Hz, ArH), 7.50-7.45 (2H, m, ArH), 7.29
(1H, d, J = 6.08 Hz, ArH), 7.09-7.07 (1H, m, ArH), 6.78 (1 H, d, J = 1.56 Hz), 4.40 (2H,
m), 2.92 (6H, s), 1.39 (3H, t, J = 5.72 Hz, CH3-ethyl).

HO OH o O FtOH HO 0.__0
+ 7N PN —
\©/\¢0 0 0 Piperdine Z C/OC2H5
80°C, 2 hours 4 6
II
DCM C2H5
\\
” r.t 8h0urs
o= S o Probe 3

Scheme 2.3. Synthesis of probe 3

e R R

21 m——
-

45 40
fl (ppua}

Figure 2.3 'H NMR of Probe 3
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Chapter 3

RESULTS AND DISCUSSION

3.1 Photophysical studies of probe 1

The photophysical properties of probe 1 were measured using absorption and emission
spectroscopy. The probe 1 (10 uM, MeCN) displayed an absorption peak at 380 nm.
Upon excitation at 390 nm, the emission peak was observed at 510 nm, with stokes shift
of 120 nm. The designed probe 1 contained the -N(CHgs), and anthraquinone moiety as
electron donor and electron accepter units, which could raise electron density shift.
Therefore, spectral measurements were extended to different polarity systems (varying
polarity from non-polar cyclohexane (CYCH) to polar DMSO) (Figure 3.1). It was noted
that the absorption and emission spectral shape and peaks did not change significantly. It
described that no significant electron density shift occurred and probe 1 has neutral nature

in different environment.

(a) (b)
- VeOH = THF ——Toluene ——DMF —— Cyclohexane ——THF
e V[eCN e CHCI3 e CYCH = Chloroform -——Toluene Ether
Diethyl ether DMF DMSO DMSO MeOH MeCN
0.14 -
0.12 - 120 -

320 370 420 470 520 420 470 520 570 620 670 720
Wavelength (nm) Wavelength (nm)

Figure 3.1. (a) Absorption and (b) emission spectra of probe 1 in different solvents.

3.1.1 Sensing properties of probe 1

The photophysical behavior of probe 1 (10 uM; 5/95 (H,O/CH3CN); v/v) was examined
towards different anions such as CN", SCN’, CI', F, Br, I, HSO,", H,PO, ", and CH;COO"
through absorption and emission spectroscopy. The absorption peak of probe 1 at 390 nm

was not altered significantly for anions except for CN" ions (Figure 3.2). Further, the
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quantitative estimation of CN” was performed using titration experiment. The incremental
addition of CN" ions (0-280 uM) to probe 1 increased the absorption intensity at 390 nm
along with rise of new absorption peak at 486 nm with an isobestic point at 425 nm. The
spectral red shift of 96 nm was accompanied with colour change from colourlesss to

orange (Figure 3.2).
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Figure 3.2 Absorption spectra of probe 1 (10 uM; 5/95 (H,O/CHsCN); v/v) in the presence of ()
different anions and (b) incremental addition CN" ions.
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Figure 3.3. Emission spectra of probe 1 (10 uM; 5/95 (H,O/CHsCN); v/v in the presence of ()
different anions and (b) incremental addition of CN " ions

Likewise, the emission behaviour of probe 1 was also measured towards anions. Upon
excitation at 390 nm, the emission peak of probe 1 at 510 nm was red shifted by 100 nm
to 610 nm. No other anions changed the emission response of probe 1 significantly (fig
3.3). Further, the incremental addition of CN" ions (0-280 M) decreased the emission

intensity at 510 nm along with rise of emission peak at 610 nm, with an isoemission point
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at 545 nm. The spectral changes were also accompanied with colour change from light
green to red. Thus, the absorption and emission changes of probe 1 facilitated the

chromo-fluorescent detection of CN ions (Fig3.3(b).

3.1.2 Interference study

In order to determine the sensitivity of probe 1 towards CN° ions, the spectral
measurements were performed in the presence of other ions. It was found that there was
negligible interference from anions; however, the presence of HSO, interfered the
detection of CN™ ions (Figure 3.4).

300
200
100

Intensity

N <,
Q@’“Oé%‘oé’s’

s
B s ’

Q ¥ < 3 ,
& Q&o S @Cé

Figure 3.4. Relative intensity of probe 1 (10 pM) in H,O/CH3CN::5:95 (Aex = 390 nm) with
different competing anions in the absence and presence of CN’, at A = 610 nm, where blue bar
represents the emission intensity change of probe 1 with different anions and red bars represents
probe 1 with CN™ plus different relevant competing ions.

3.1.3 Stoichiometry, binding constant and detection limit

The stoichiometry of probe 1 towards CN- was determeined by Job plot. The experiment
was performed by measuring the spectral response for diffeent mole fraction of CN" ions.
The mole fraction of CN" ions vs spectral intensity graph displayed maxima at 0.7 mole
fraction of CN- ions and thus, described as 1:2 (probe 1:CN") stoichiometry (Figure 3.5).
Further, Benesi-Hildebrand equation was used to calculate the binding constant for probe
1.CN™ and determined to be 6.4 x 10* M (Figure 3.5). The limit of detection was
measured for linear response of probe 1 towards CN- ions by standard IUPAC equation
and determined to be 3.5 nM (Figure 3.5).
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Figure 3.5. (a) Job’ s plot of probe 1 in H,O/CH;CN (10:90, v/v) (b) Detection limit of cyanide
ions. (¢) The stability constant for probe 1.

3.1.4 Plausible mechanism

Probe 1 contained anthraquinone unit joined through the S-O linkage of sulphonic unit of
dansyl unit. The addition of CN" ions attack the electrophilic S center and thus cleave the
S-O bond. The cleavage of probe 1, generate its precursor (compound 2) in its
deprotonated form. The reason behind this bond scission was the presence of
anthraquinone unit and electronegative negative oxygen atoms. The anthraquinone unit
and oxygen atoms withdraw the electron density from the S center and trigger it for the
nucleophilic substation by introducing CN" ions. The cleavage of probe 1 to deprotonated
compound 2 was confirmed by measuring the emission spectra compound 2. The overlap
of spectra suggested the cleavage of probe 1 to compound 2. The possible mechanism

was presented in scheme 3.1.
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Scheme 3.1 Possible mechanism of detection of CN™ ions.

3.2 Photophysical studies of probe 2

The photophysical properties of probe 2 were measured using absorption and emission
spectroscopy. The probe 2 (10 uM, MeCN) displayed an absorption peak at 380 nm.
Upon excitation at 370 nm, the emission peak was observed at 520 nm, with stokes shift
of 150 nm. The designed probe 2 contained the -N(CHg3), and coumarin moiety as
electron donor and electron accepter units, which could raise electron density shift.
Therefore, spectral measurements were extended to different polarity systems (varying

polarity from non-polar toluene to polar DMSO). It was noted that the absorption and
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emission spectral shape and peaks did not change significantly. It described that no

significant electron density shift occurred and probe 1 has neutral nature in different

environment.
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Figure 3.6. Effect of diferent solvents on absorption (a) and emission spectra (b) of probe 2

3.2.1 Spectral response of probe 2 on varying pH

The coumarin and dansyl units have been used as versatile candidate in aqueous medium

such as fluorescent markers, sensors etc. Therefore, the absorption and emission

spectroscopy measurements were further extended to acidic and basic medium in pure

aqueous medium. Probe 2 (10 uM, H,0, pH=7.2) displayed absorption peak at 370 nm,

320 nm and 270 nm. On decreasing and increasing the pH of solution of probe 2, the

absorption intensity was decreased at 370 nm, 320 nm and 270 nm (Figure 3.7). This

cannot be due to diluton effect as similar change was not observed in case of emission .
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Figure 3.7. Effect of pH on absorption spectra of probe 2.
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Figure 3.8. Effect of pH on the emission spectra of probe 2.

Likewise, the emission response of probe 2 was also measured for varying the pH. On
decreasing the pH (7.2-2.6) of solution of probe 2 (10 uM, H,0), the emission peak of
probe 2 at 525 nm was decreased in intensity and emission was blue shifted to 490 nm
(Figure 3.8). The hypochromic blue shift could be due to protonation of —N(CHj3), unit.
On the other hand, on increasing the pH (7.2-12.1), the quenching of probe’s emission
peak at 525 nm and concomitant rise of new emission peak at 450 nm was observed, with
an isoemission point 490 nm (Figure 3.8).
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3.2.2 Possible mechanism of interactions

The probe contained basic -N(CH3), unit and highly nucleophilic S-center. Therefore,
the mechanism of interaction of H* ions and OH ions in acidic and basic medium was
understood. At low pH value, the excess of H* ions could be interacted to —~N(CHj3), unit,
while, high pH value the presence of OH" ions could have interacted to S- center could
lead to cleavage of probe 2 to compound 3. This lead to very intense ICT in the
compound. The mechanism was supported by overlapping of emission spectra of
compound 3 to probe 2 at pH 12.2 (Figure 3.9). The possible interactions were presented

in scheme 3.2.
1.2
0.9
. Comp. 3
= 0.6 ’

Probe 2 (pH=12.2)
Probe 2 (pH=7.2)

0.3 Probe 2 (pH=2.6)

0 Z
400 475 550 625

Wavelength (nm)

Figure 3.9. Emission of compound 3, and probe 2 at different pH
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Scheme 3.2. Possible mechanism of interaction of probe 2

3.2.3 Sensing properties of probe 2
The photophysical behavior of probe 2 (10 uM; 1:9 (H,O/CH3CN); v/v) was examined
towards different anions such as CN", SCN’, CI', F, Br’, I', HSO,", H,PO, ", and CH;COO"

through absorption and emission spectroscopy. The absorption peak of probe 2 at 370 nm,
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320 nm, and 270 nm was not altered significantly for anions. However, the rise of
absorption intensity was observed (Figure 3.10). On the other hand, probe 2 displayed
significant selectivity towards CN" ions through emission response. No other change the
emission behavior of probe 2 (Figure 3.10). Further, the quantitative estimation of CN”
was performed using titration experiment. On incremental addition of CN" ions (0-145
MM), the probe’s emission peak was remained unaltered, however, new emission peak at
450 nm was emerged. The spectral changes were also accompanied with color change
from yellow to blue (Figure 3.10). Thus, the absorption and emission changes of probe 2

facilitated the naked-eye detection of CN" ions.

@ = (b) ©

Probe 2+ CN-

robe 2 + other anions
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Figure 3.10. (a) Absorption and (b) emission response of probe 2 in the presence of different ions
and (c) emission response of probe 2 with incremental addition of CN" ions; inset: color changes
under UV light
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Figure 3.11. Relative intensity of probe 2 (10 uM) in H,O/CH;CN::1:9) with different competing
anions in the absence and presence of CN’, where blue bar represents the emission intensity
change of probe 2 with different anions and red bars represents probe 2 with CN™ plus different
relevant competing ions.
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3.2.4 Interference Study

In order to determine the sensitivity of probe 2 towards CN ions, the spectral
measurements were performed in the presence of other ions. It was found that there was
negligible interference from anions; however, the presence of HSO, and H,PO,
interfered the detection of CN™ ions (fig 3.3). The acidic nature of HSO,4 and H,PQO, ions

could lead to protonation of compound 3.

3.2.5 Stoichiometry, binding constant and detection limit

The stoichiometry of probe 2 towards CN" was determeined by Job plot. The experiment
was performed by measuring the spectral response for different mole fraction of CN" ions.
The mole fraction of CN" ions vs spectral intensity graph displayed maxima at 0.5 mole
fraction of CN- ions and thus, described as 1:1 (probe 1:CN") stoichiometry (Figure 3.12).
Further, Benesi-Hildebrand equation was used to calculate the binding constant for probe
1.CN" and determined to be 6.66x10° M™ using fluorescence titration at 450 nm (Figure
3.12). The limit of detection was measured for linear response of probe 1 towards CN-
ions by standard IUPAC equation and determined to be 17 nM (Figure 3.12).

3.2.6 Plausible mechanism

The addition of CN™ ions could have the very similar effects as that of OH" ions. The
contained coumarin unit as electron sinker and electronegative oxygen atoms promote the
more electron deficiency at S-center. Therefore, the presence of CN- ions to probe 2
causes the cleavage of S-O bond which leads to the formation of compound 3. The
possible mechanism was presented in scheme 3.3. It did not show any change with any
other anion which can be their nucleophic character and solvation power towards the
solvent which do not allow to cleave the bond.
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Figure 3.12. (a) Job’s plot, (b) detection limit plot and (c) stability constant plot of probe 2.CN".
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Scheme 3.3. Possible mechanism of interaction of probe 2 towards CN’

3.3 Photophysical studies of probe 3

The photophysical properties of probe 3 were measured using absorption and emission
spectroscopy. The probe 3 (10 uM, CH3CN/H0, (9:1, v/v)) displayed an absorption peak
at 330 nm. Upon excitation at 330 nm, the emission peak was observed at 466 nm, with
stokes shift of 330 nm. The designed probe 3 contained the -N(CHs), and coumarin
moiety as electron donor and electron accepter units, which could raise electron density
shift. Therefore, spectral measurements were extended to different polarity systems
(varying polarity from non-polar (toluene) to polar (DMF). It was noted that the
absorption and emission spectral shape and peaks did not change significantly. It
described that no significant electron density shift occurred and probe 3 has neutral nature

in different environment.
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Figure 3.13 (a) The absorption spectra (b) the emission spectra of probe 3 in different solvents.

3.3.1 Spectral response of probe 3 on varying pH

The absorption and emission spectroscopy measurements were further extended to acidic
and basic medium in pure aqueous medium. Probe 3 (10 uM, H,0O) displayed absorption
peak at 344 nm, 299 nm and 272 nm. On lowering and raising the pH range of probe 3

solution, the absorption intensity was decreased at 344 nm, 299 nm and 272 nm (Figure

3.14).
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Figure 3.15. Effect of pH on emission spectra of probe 3.

Similarly, the emission response of probe 3 was also measured. On decreasing the pH
(7.2-2.9) of solution of probe 3 (10 uM, H,0), the emission peak of probe 2 at 500 nm
was decreased in intensity and emission was blue shifted to 450 nm (Figure 3.16). The
hyperchromic blue shift could be due to protonation of —-N(CHj3), unit. On the other hand,
on increasing the pH (7.2-12.1), mere enhancement of probe’s emission peak at 500 nm

was observed (Figure 3.16).

3.3.2 Sensing properties of probe 3
Probe 3 exhibited absorption spectra at 330 nm and emission spectra at 466 nm (CH3CN :

H,0, (90:10), v/v). Further, probe 3 was evaluated for its sensing properties towards
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anions. However, no change in absorption and emission spectra was observed when
anions were added to probe 3 (Figure 3.16). The reason could be presence of good
electron donating in the form of ester on coumarin moiety, which pushes electron density
towards S-center. Therefore, reduce the electrophilic nature of S-center at probe 3, and

resulted in insignificant spectral changes in the presence of anions.
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Figure 3.16. (a) Absorption and (b) emission spectra of probe 3 (MeCN:Water, 90:10, v/v).

3.3.3 Comparison of coumarin based Probe 2 and Probe 3

In MeCN : Water (90 : 10, v/v), Probe 2 and probe 3 exhibited absorption maxima at 360
nm and 330 nm respectively. Similarly, the emission spectra was observed at 508 nm and
466 nm. There was no change in absorption spectra of probe 2 and probe 3 on addition of
CN'". However, the emission spectra of Probe 2 showed a blue shift of ~ 53 nm, when CN°
ions were added accompanied by a hyperchromic shift. The fluorescence changed from
green to blue. The acidic and basic conditions influence the absorption and fluorescence
of probe 2 and 3. The absorption band of both the probes quenched on increasing or
decreasing pH. However, the emission band of probe 2 started to quench on addition of
acid and there was a small blue shift at pH 8.1 but in case of basic pH a blue shift of ~50
nm was observed and as the band showed hyperchromic shift at 450 nm with increasing
pH. On the other side, probe 3 did not show any significant change in fluorescence on
addition of base but decrement in pH caused the band at 500 nm to quench and a intense
blue shifted band appeared at 450 nm.
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3.4 Conclusion

Anthraquinone and coumarin based dyads were synthesized with dansyl chloride based
on S-O bond scission that show ICT on bond cleavage and impart obvious color changes
which can be observed with naked eye. The absorption spectra and emission spectra of
probe 1 were seen with a red shift on addition of cyanide ions from 390 nm to 450 nm in
absorption and 510 nm to 610 nm in emission in MeCN : water (90:5) respectively. There
was a visible as well as fluorescence color change. Probe 2 had emission spectra blue
shifted, on addition of cyanide from 520 nm to 450 nm accompanied by change in
fluorescence from green to blue. Probe 3 gave absorption at 330 nm and emission at 466
nm. It did not show any sensing property towards anions in MeCN : Water (90:10, v/v).
This helped to formulate that presence of different substituents influence the sensing

ability of anions.
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