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Chapter II

Selective Iodide ion Sensing by 1,1,1-tris(1-oxophenalenyl-9-Nethyl) amine*

Abstract
The synthesis and characterisation of a novel tridentate N3 receptor molecule 1,1,1tris-(1-oxophenalenyl-9-N-ethyl)amine

(H3L)

having

1-oxophenalene

(PLY)

framework as a fluorophore, have been described. A thorough study on the binding
property of H3L with iodide ion (I−) and other biologically relevant anions (viz. F−,
Cl−, Br−, CH3COO−, N3−, HPO42−, H2PO4−, NO3−, SO42−) has been done. The extent of I−
ion binding has been quantified by UV-visible absorption and fluorescence emission
spectroscopy. Mechanistic pathway based on model system synthesis and 1H NMR
experiment has been described to support the sensing property of H3L.

High

association constant of H3L with iodide ion makes this receptor an excellent
receptor for iodide ion detection. Linear correlation with Stern-Volmer plot and high
Stern-Volmer quenching constant suggest a static type of interaction with bulky
iodide ion. The high sensitivity of the receptor H3L for I− ion is established from the
low minimum detection level for I− ion. The Stoichiometry of the host-gust
association has been determined from Job’s plot using fluorescence emission spectra
data.

* This work has been published in Sensors and Actuators B, 2015, 210, 712–718.
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II.1. Introduction
Phenalenone (PLY) derivatives have been widely explored in the field of material
science for their unique molecular property. The radical or complexed form of PLY
with elements like Zn, B, Si are most commonly known to be used by various
research groups [1-4]. Organoaluminium complexes of PLY has been used as Lewis
acid and described as catalyst for ring opening polymerisation of Ɛ-caprolactone (Ɛ CL) by T. K.Sen et al. [5]. The use of PLY in neutral form is scarce in literature and
their uses as fluorophores are even more rare [6], particularly as chemosensors. As
PLY is a naturally occurring molecule [7], slight modification of the parent PLY
framework would claim biocompatible utilization in coming years. PLY or 9-hydoxy
phenalenone (9-OH PLY) shows very weak luminescent property as the non bonding
electrons on the carbonyl O-atom is incapable of taking part in extended
conjugation. But participation of inter-combinational conversions can deactivate the
fluorescence [8]. However the introduction of alkyl amine group (-NHR or –NR2) in
the conjugated π system has been found to be effective in enhancing the
fluorescence intensity [9]. The participation of the lone pair of electrons in the
conjugation brings the π-π* excitation energy below n-π* excitation energy, hence
increases the emission intensity.

Scheme II.1. A qualitative representation of the electronic states of phenalenone derivatives to
signify the designing of a tripodal amine based compound consisting PLY units.

Besides this, N donor ligands easily bind with metal ions and anions. Since the
tripodal amino compounds bind effectively with cations and anions they are
extensively used as chemosensors [10]. The significance of designing an amine
based tripodal ligand with PLY has been represented in scheme II.1. It is also
expected that substitution of the alkoxy group from the PLY fragment by amine
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would increase the scope of extended conjugation leading to enhancement in
emission intensity.
The design and synthesis of molecules capable of selectively detecting biologically
important cations and anions selectively have attracted attention in environmental
and industrial fields [11-14]. Anions viz. halides, nitrate, sulphate, phosphate,
carbonate, cyanide etc. play important roles in every biological system, industrial
field and medical field. Their presence in accurate level is vital to sustain the
minimum lethal limit [15, 16]. Because of their immense importance scientists have
taken up continuous research work on their detection and quantification. Among all
these vital inorganic anions iodide ion is of particular importance due to its
indispensable role in maintaining thyroid gland function and neurological activity
[17-19]. Although a number of research articles concerning the detection of other
anions have been published, a very few reports can be found regarding the
estimation of iodide ion [20-23]. Few instances were found to report tripodal amino
receptors which could sense iodide (I−) ions selectively [24, 25]. Polymers
constituted of carbazole and triazol groups were reported to show I− ion recognition
property both colorimetrically and fluoremetrically [26-28]. Chen et al. reported a
highly selective and sensitive colorimetric sensor based on anti aggregation for I−
ion [29]. Therefore, development of biocompatible anion sensors, especially for I−
ion, as are rarely found in literature is very important.
In this study the synthesis of a novel tripodal amine based compound 1,1,1-tris (1oxophenalenyl-9-N-ethyl)amine (H3L) will be discussed. The compound bears three
PLY units as the source of its inspiring optical property. The receptor will be
examined in details for its anion binding property as it comprises two anion binding
sites such as –NH (through hydrogen bonding offered by –NH group) and anion-π
interaction (anion-π charge transfer interaction between PLY group and anions) at
the same time.
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II.2. Result and discussion
II.2.1. Synthesis
The neucleophilic substitution of β-keto esters with primary and secondary amines
is a successful synthetic route to obtain 9-N-alkylated-1-oxophenalenone [52]. In
our study the target hexadentate receptor (H3L) has been synthesised by
condensation of 9-ethoxy-1-oxo phenalenone (1) with 1,1,1-tris (aminoethyl)amine,
TREN (2) in 1,2-dichloroethane (scheme II.2).

Scheme II.2. Synthetic routes to receptor H3L.

Each alkyl amino arm of the tripodal amine, 2 provides three primary amine groups
which upon condensation with 1 gives 9-alkyl amino-1-phenalenone. The strong
hydrogen bonding between the oxo and amine group prevents further condensation
with excess amine. A similar compound was reported earlier by Haddon et al. [30].
The structure of the compound H3L has been confirmed by elemental analysis, 1HNMR, 13C-NMR and ESI-MS spectroscopy (Fig.II.19-21). The 1H-NMR and

13C-NMR

spectra (Fig.II.19 and 20), ESI Mass spectra (Fig.II.21) of H3L are given in the
experimental section. In the ESI−MS spectrum of H3L (Fig.II.21 in the experimental
section represents) a signal at m/z 703.3 represents the molecular ion corresponds
to (M+Na)+.
The newly designed and synthesized receptor H3L shows distinct spectral feature in
tetrahydrofuran and its interaction with various ions has been studied in THF
solution throughout the present work. The receptor H3L comprises three dissociable
–NH protons. Investigation for the affinity of the receptor towards biologically
relevant anions (viz. F−, Cl−, Br−, I−, CH3COO−, N3−, SCN−, HPO42−, H2PO4−, SO42−) in
solution has been attempted quantitatively by UV-visible absorption and
fluorescence emission experiments.
I.2.2. Electronic absorption spectra and fluorescence emission spectra of H3L
The absorption spectrum of H3L in THF shows peaks at 253 nm, 334 nm, 355 nm,
447 nm and 478 nm [Fig.II.1a] and the emission spectrum shows intensity maximum
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at 487 nm with a shoulder at 509 nm upon excitation at its 2nd -* transition at 355
nm ( Fig.II.1b, table II.1).

Fig.II.1. (a) UV-Vis spectra of the receptor H3L in tetrahydrofuran at room temperature
(concentration of the receptor: 3 10─6 M); (b) Fluorescence emission spectrum of H3L (3 10−6 M)
in THF when exited at 355 nm.
Table II.1. Change in transition frequency at 355 nm range of receptor H3L in different solvents at
298 K.
Solvent

Dichloromethane

Tetrahydrofuran

Chloroform

Polarity

3.1

4.0

4.1

Wavelength

353

355

357

II.2.3. Selective iodide ion (I−) recognition by H3L
The receptor H3L comprises three dissociable –NH protons. Investigation for the
affinity of the receptor towards biologically relevant anions (viz. F−, Cl−, Br−, I−,
CH3COO−, N3−, SCN−, HPO42−, H2PO4−, SO42−) in solution has been attempted
quantitatively by UV-visible absorption and fluorescence emission experiments.
II.2.3.1. UV-visible absorption spectral studies
Selective recognition of iodide (I−) ion over other anions has been studied by
monitoring the UV-visible absorption spectra of H3L upon addition of various
anions. Generation of a new band at 293 nm in the absorption spectra of H3L takes
place on addition of I− ion. At the same time an increase in the absorbance at 355 nm
is also observed upon addition of 15

10−6 M solution of tetra-n-butyl ammonium

iodide (TBAI, in THF) to solution of H3L (3

10−6 M) in THF medium. The selective

recognition towards I− has been observed when the addition of other anions shows
no change in the electronic spectra of H3L (Fig.II.2).
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Fig.II.2. Change in the absorption spectra of H3L upon addition of different anions (concentration of
anions: 15 10−6 M) to a solution of H3L in THF (concentration of H3L: 3 10−6 M).

The plot of change in relative absorbance ratio, [( −

0)/A0]

of H3L upon addition of

other anions depicts a high selectivity of the receptor for I− ion over other anions
(Fig.II.3).

Fig.II.3. Relative absorbance ratio [( − 0)/A0] value of H3L (3 10-6 M) measured at 293 nm upon
addition of 5 equivalents of anions: (A0 = absorbance of H3L in absence of anion; A = absorbance of
H3L in presence of 5 equivalents of tetrabutyl ammonium salt of halides and sodium salt of other
anions).

The extent of I− binding ability has been studied by the titration of a solution of H3L
(3

10−6 M) in THF with a solution of TBAI salt. The changes in absorbance on

addition of I− ion has been monitored using UV-visible spectrophotometer. A
thorough study of the change in absorption intensity at the newly generated peak at
293 nm upon increasing the concentration of TBAI (0 - 20 equivalents) (Fig.II.4)
reveals that the receptor is capable to recognise I− ion up to 20 equivalents of TBAI
added. Higher absorbance of the complexed than that of non complexed
phenalenone origins from the effective size which raises the absorption cross
section due to host-guest interaction.
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Fig.II.4. UV-visible absorption changes of H3L (3 10−6 M) in THF upon gradual addition of TBAI
solution (0-20 eq.) in THF; (inset: change in absorbance at 293 nm upon addition of increasing
equivalents of TBAI solution to a solution of H3L (3 10-6 M) in THF.

Titration of the precursors, 9-OEt PLY (1) and TREN (2) with TBAI shows no change
in UV-visible spectra [Fig.II.5 (a) and (b)], which strongly supports the fact that the
recognition property of the receptor is not furnished by any of these two parent
compounds.

(a)
(b)
Fig.II.5. (a) Electronic spectral changes of 9-OEt PLY (1) (3 10−6 M) and (b) TREN (2) (3
upon gradual addition of TBAI (0-20 equivalents) solution in THF.

10−6 M)

The recognition of I− ion has also been investigated by fluorescence emission
spectroscopic studies where the intensity of a sharp emission peak of H3L at 487 nm
is quenched by the addition of TBAI solution in THF medium (Fig.II.6).
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Fig.II.6. Changes in the emission spectra of H3L (5 10-6 M) upon addition of tetra-n-butyl
ammonium salts of halide ions and sodium salts of other anions (25 x 10−6 M) in THF.

A plot of relative emission intensity, (I0 – I / I0) establishes the selective recognition
behaviour of H3L for I− ion. The large bar for I− ion demonstrates exclusive
preferenceof H3L for I− ion over other anions (Fig.II.7).

Fig.II.7. Relative fluorescence ratio (I0 − I/I0) values of H3L upon addition of 5 equivalents of tetra-nbutyl ammonium salts of halides and sodium salts of other anions. (I 0 = fluorescence intensity of H3L
in absence of anions; I = fluorescence intensity of H3L in presence of 5 equivalents of anions).

The I− ion sensing property has been quantified by means of titration experiment in
fluorescence spectroscopic study which shows that the emission intensity of the
peak at 487 nm decreases gradually upon incremental addition of TBAI solution
(Fig.II.8) to the solution of H3L in THF.
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Fig.II.8. Changes in emission spectra of H3L (3 10−6 M) upon gradual addition of TBAI (0-30
equivalents) solution, inset: Change in emission intensity at 487 nm upon addition of increasing
concentration of TBAI solution (0-30 equivalents) to H3L solution (3 10-6 M) in THF.

The emission property of the precursors has also been examined predict the origin
of emission signals as well as the sensing property of H3L. Although the compound
9-OEt PLY (1) shows weak emission peak at 480 nm, no change in emission intensity
is observed on addition of I− ion. On the other hand the TREN compound is non
emissive. This experimental observations depicts that the sensing ability of H3L is an
inherent character.
II.2.4. Selectivity towards I− ion
As every biological system consists more than one competitive anions, it is
important to find out whether the proposed receptor can selectively sense the
targeted anion. To examine the preference of H3L for I− ion, selectivity experiment
has been performed by recording the fluorescence emission intensity of H3L in
presence of individual interfering anions and I− ion. In presence of other anions the
receptor shows selective response towards the addition of I− ion without any loss of
sensor efficiency (Fig.II.9).
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Fig.II.9. Relative emission intensity change, (I0 − I/I0) of H3L (3 10−6 M) upon addition of
interfering anions (5 equivalents) (x: F−, Cl−, Br−, CH3COO−, H2PO4−, HPO42−, NO3−, SO42−, N3−) followed
by the addition of I− ion (5 equivalents).

Further, all interfering anions have been mixed together to the receptor solution in
absence of I− ion solution. No observable quenching is noticed until I− ion has been
added. On addition of I− ion to the receptor solution, it is observed that the receptor
H3L can sense I− ion selectively in presence of all interfering anions which is evident
from the decrease in emission intensity (Fig.II.10).

Fig.II.10. Effect of presence of other anions in the sensing property of H3L; Black trace: Fluorescence
spectra of sensor H3L (3 10−6 M) alone in THF, Red trace: Emission spectra of H3L in presence of all
interfering anions (15 10−6 M) (x: F−, Cl−, Br−, CH3COO−, H2PO4−, HPO42−, NO3−, SO42−, N3−) and blue
trace: emission intensity of the same in presence of all anions along with iodide ion.

The red trace in Fig.II.10 shows very less or no quenching in emission intensity after
the addition of a solution containing a mixture of all interfering anions (x: F−, Cl−, Br−,
CH3COO−, H2PO4−, HPO42−, NO3−, SO42−, N3−). The red trace in the spectra is recorded
after the addition of I− ion to the previous solution. This investigation establishes
excellent selectivity of the receptor for I− ion when various interfering anions are
present altogether.
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II.2.5. Determination of detection limit of iodide ion
The sensing property has been quantified by measuring minimum detection level for
I− ion. The detection limit has been calculated following reported procedures [31]
using the fluorescence emission data. From the integrated emission intensity data,
the values of ‘(I‒Imin) / (Imax ‒Imin)’ have been calculated and plotted at the Y-axis
against the values of ‘log[ B I]’ in the X-axis (Fig.II.11.). Here ‘I’ is the integrated
emission intensity at 487 nm of H3L alone. ‘Imin’ is the minimum value of integrated
intensity at the same wavelength after addition of B I, and ‘Imax’, the maximum
value of integrated emission intensity at 487 nm after addition of TBAI solution.

Fig.II.11. Plot of (I –Imin) / (Imax- I0) vs. log[TBAI] for the determination of minimum detection level of
I− ion.

From the intercept at X-axis the concentration of TBAI has been calculated to be 1.8
10‒6 M‒1 [31]. This value is almost comparable to other systems developed for I‒
ion sensors earlier. D.Y. Lee et al. reported a tripodal N3-donor receptor containing
benzimidazole ring, which senses 7.4

10-6 M-1 of I‒ ion in solution [25]. The system

in this present discussion shows detection limit of similar range as the earlier
system.
II.2.6. Determination of binding constant: Benesi- Hildebrand plot
The binding constant (ka) of I− with H3L has been evaluated using absorption data by
following modified Benesi-Hildebrand equation as shown in equation (i) [33].
1/Δ = (1/Δ
Or, (Δ
Where, Δ = - Amin; Δ

max =

max/Δ

max )

+(1/ka [I−])(1/Δ

max)

) = 1+ 1/ka [I−]……….. (i)

Amax - Amin
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‘

min’ represents

the absorbance of H3L in absence of I‒ ion. ‘ ’ is considered as the

absorbance at an intermediate and ‘

max’

is the absorbance at the maximum

concentration of I‒ ion. With agreement to the equation the plot of ‘(Amax−

min)

/ (A–

Amin)’ against ‘1 / [TBAI]’ gives a straight line (Fig.II.12). he ‘ka’ value is obtained
from the slope of this straight line.

Fig.II.12. Benesi-Hildebrand plot for the determination of association constant for H3L with I− ion.

The obtained value of ka, 4.9 × 105 M−1 for H3L with I− is of the same magnitude for
different remarkable I− ion sensors reported by Jang et al. [24]. In comparing to
other systems the ka for H3L is found to be even greater than other systems [32].
II.2.7. Determination of stoichiometry of host-guest association: Job’s Plot
The stoichometry of I‒-H3L association has been calculated from Job’s plot [34] using
emission spectral data. From the Job’s plot the Stoichiometry of the host-guest
association is found to be 1:1 (Fig. II.13)

Fig.II.13. Job’s plot for the determination of stoichiometry of H3L- I- ion association.
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II.2.8. Mechanism of fluorescence quenching by I− ion
II.2.8.1. Stern –Volmer plot: Dtermination of Stern-Volmer quenching constant
Detailed information regarding the type of quenching in emission intensity has been
studied on the basis of Stern-Volmer relationship [35]. The quenching of emission
intensity in general is characterised in two types (i) static quenching and (ii)
dynamic quenching. The I− ion has an intrinsic property to quench the emission
intensity of an emitter by heavy atom effect. The plot of Stern-Volmer equation (ii)
gives a clear idea about the type of quenching upon addition of a guest molecule.
I0 / I = 1 + kq τ0[Q]
=1 + Ksv [Q]

…….. (ii)

In the expression ‘kq’ is the bimolecular quenching constant, ‘τ0’ is the unquenched
life time and ‘[Q]’ is the concentration of quencher. Here the quencher is B I. So,
we may express the relation as
I0/I = 1+ Ksv [ B I]….(b)
‘I0’ is the initial emission intensity of H3L in absence of B I, and ‘I’ is the emission
intensity after each addition of TBAI. In this current study the value of Stern-Volmer
quenching constant, Ksv (3.2 105 M−1) has been determined from the slope obtained
from the linear plot of ‘I0 / I’ vs. [TBAI] (Fig.II.14).

Fig.II.14. Stern–Volmer plot for the determination of Stern–Volmer quenching constant (ksv), inset:
extrapolation of the Stern–Volmer graph into higher concentration range.

The linear Stern-Volmer plot is suggestive of static interaction between H3L and I−
ion at lower concentration range. However deviation from linearity has been
observed upon extrapolating the curve towards higher concentration range
(Fig.II.14 inset) [36]. This deviation from linearity indicates that dynamic collision
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via heavy atom effect is dominating at higher concentration of I‒ ion in the solution
[37].
II.2.8.2. Contribution of the size of receptor core
The anion binding ability of a receptor offering –NH donor sites mainly depends on
the basicity of anions [38]. The tendency of halide ion binding by such ligands
follows the order [39-41]
F−> Cl−> Br−> I−
Due to strong basicity and small anionic radius of F− ion, selective F− ion sensors are
the most abundant in literature [42]. But in some cases other halide ions bind
selectively to the receptor core due compatible size of the anions with the receptor
core which makes the geometry of the ligands or receptors an important parameter
for the anion binding study [42- 47]. To study the size effect of the receptor a model
compound 9-N-propylamino-1-oxophenalenone (HL) has been synthesized. This
compound has been prepared by reacting 9-OEt PLY (1) with n-propyl amine in 1:1
ratio using 1,2-dichloroethane as reaction medium (Scheme II.3).

Scheme II.3. Synthesis of 9-amino propyl-1-oxophenalenone (HL).

As the receptor HL has one donor site, its three times concentrated solution is
expected to comprise equal number of donor sites as compared to H3L. Thus a 9
10−6 M solution of HL has been titrated with TBAI in THF and the results are
collected from UV-visible and fluorescence spectrometer [Fig.II.15 (a) and (b)].

47

(a)
(b)
Fig.II.15. (a) UV-visible and (b) fluorescence emission spectral changes of HL (9x 10−6 M) upon
addition of TBAI (0-20 equivalents in UV-visible experiment and 0-30 equivalents in fluorescence
experiment) solution in THF.

The absorption and emission spectra of HL reveals that there is no significant
change in the electronic level of the molecule in presence of I− ion in solution. This
fact led us to predict that the I− recognition property of H3L is not dependent on the
basicity of I−, but the encapsulation is a consequence of the compatibility of core size
of the pseudocavity furnished by three pods of the receptor molecule with bulky I −
ion. Thus geometry of the molecule plays a vital role behind the selective
encapsulation of I− ion recognition [48].
II.2.8.3. 1H NMR study
Further information regarding the anion binding mechanism has been gathered
from an exhaustive 1H NMR titration experiment. In most of the cases the anion
sensing behaviour is explained in terms of hydrogen bonding of anion with –NH
donor ligand. However, the notion of N-H interaction is eliminated in the present
case by NMR experiments. 1H NMR titration experiments show no change in NH
proton peak even on the addition of 2 equivlents of TBAI to H3L (Fig.II.16).
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Fig.II.16. No shift in –NH proton signal showing no interaction with I- ion.

A noticeable shift in 1H signals of phenalenone moiety is observed (Fig.II.17). This
strongly suggests that the charge transfer between host–guest is not involved
through -NH–X interaction (due to strong intermolecular hydrogen bond) but PLY–I−
interaction could be involved in the recognition mechanism (Scheme II.3).

Fig.II.17. Shifts in 1H NMR signals of the aromatic protons in the PLY moiety.

This result indicates that the recognition property does not arise due to –NH-I−
interaction [49], rather due to interaction of the I− ion with the aromatic protons
present in PLY moiety, which may be considered as anion-π interaction.
II.2.8.4. pH experiment for the understanding of ICT mechanism
The effect of change in pH on the recognition property further cleared the idea about
the mechanism.
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Scheme II.4. Schematic representation of the recognition mechanism based on pH experiment, 1H
NMR experiment and model compound study.

The fluorescence emission spectra of H3L were measured in 3:1 THF-H2O mixed
solvent. In this case broadening of the emission spectra is observed as compared to
in 100% THF. At lower pH (pH ~ 3.4) appreciably reduced emission intensity is
observed. This may be attributed to the addition of H+ ion (from acid added to
prepare lower pH solution) which protonates the amine group, thus strongly
influences the “push-pull” type intra molecular charge transfer (IC ) from the –NHR
group to the ketone group through the PLY fragment (Scheme II. 4). The sensing
property has also been followed at lower pH by adding TBAI solution to receptor
solution, showing changes in emission spectra upon addition of TBAI solution at this
pH. The presence of I− ion showed minor quenching (Fig.II.18).

(a)
(b)
Fig.II.18. (a) Changes in emission intensity of compound H3L at three different pH in THF/water (v/v
3:1) mixture; (b) Changes in emission intensity of compound 3 at three different pH in THF/water
(v/v 3:1) mixture upon addition of 20 eq. TBAI.
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II.3. Conclusion
From the experimental findings presented in this study we can lay out the following
conclusions
1. The design and synthesis of a novel tripodal amino compound with PLY fragment
has been described. The compound shows selective I− ion recognition property. This
is the first case where a PLY based molecule has been used in its uncomplexed and
neutral form.
2. The receptor H3L is capable of detecting I− ion with marked selectivity even in
presence of other interfering anions.
3. The recptor can detect I− ion in a wide range of concentrations with low minimum
detectioin limit.
4. Comparison with similar PLY containing –NH donating model ligand (HL)
establishes the fact that the efficiency and selectivity of the receptor H3L, is
facilitated by compatible dimension of the pseudo-cavity furnished by its tripodal
binding core.
5. Detailed 1H NMR experiments shows the possibility of anion−π interaction of I−
ion with the aromatic ring of PLY moiety.
6. The selective recognition property of H3L towards I− ion in presence of other
biologically important anions may offer the scope of its wide range application in
industrial and medical field in future with modification in solubility.
II.4. Experimental Section
II.4.1. Materials and physical methods
The n-Propyl amine or amino propane required for the synthesis of HL was
procured from commercial sources and distilled over Zn dust prior to be used. The
compound 9-OEt PLY was synthesized by following reported procedure and fully
characterised [50]. Tetrahydrofuran (THF) used for spectroscopic studies was
distilled over Na strips using benzophenone as an indicator under N2 atmosphere.
The solvents used for receptor synthesis viz. 1,2-Dichloro ethane was double
distilled by refluxing over P2O5. As a source of halide ions, tetra-n-butyl ammonium
salts of F−, Cl−, Br− and I− were used and other anions used for competitive study
were the sodium salts of SCN−, H2PO4−, HPO42−, SO42−, NO3−, N3−, and CH3COO−.
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During spectroscopic measurements the UV-visible absorption spectra were
recorded by using Agilent 8453 spectrophotometer. All the fluorescence emission
experiment were performed with PTI spectrofluorometer using Felix-Gx software by
maintaining the slit widths for entrance, intermediate and exit fixed at 1 mm
respectively. Xenon arch lamp was used as the source of radiation during steady
state fluorescence spectroscopic measurements. The spectral data were refined
either using Origin Pro8 software. All 1H NMR data were collected from JEOL ECS
400 spectrometer using TMS as internal standard and THF D8/CDCl3 as solvent.
II.4.2. Synthesis of the receptor H3L
A mixture of 9-hydroxyphenalenone (4 g, 0.02 mol), Ag2O (4.64 g, 0.02 mol) and 50
mL CHCl3 were placed in a 100 mL round bottom flask fitted with a condenser. The
mixture was gently heated to 65 °C with continuous stirring. After 1 h, the first of 0.5
mL of ethyl iodide was added to the reaction and this process was repeated after
every 1 h until 4mL of ethyl iodide was consumed. After 2 h, 2mL of ethyl iodide was
added at once and the mixture was refluxed until the suspension changed its colour
from black to grey. After that the mixture was filtered and washed with CHCl3 and
the solvent was removed under reduced pressure. The crude product was purified
by column chromatography on active neutral alumina (Brockmann activity II for
coloumn chromatography, Merck) giving dark yellow oil. The compound was
characterised by 1H NMR spectroscopy and ESI mass spectroscopy.
To a solution of 9-ethoxy-1-oxophenalene (2 g, 8.9 mmol) in 1,2-dichloroethane (30
mL), a solution of 1,1,1-tris(aminoethyl)amine (0.42 mg, 2.9 mmol) in 1,2dichloroethane was added. The mixture was refluxed for 24 h with constant stirring.
After that the solvent was removed under reduced pressure. The dark yellow crude
oil was purified by column chromatography on active neutral Al2O3 (Brockmann
activity II for column chromatography) with chloroform. Yield: 1.5 g (25%). M.P. 87
°C. UV/vis (CHCl3): λmax [nm](ε in M−1 cm−1): 255 (1.2 × 105), 279 (5 × 104 sh), 341
(3 × 104 sh), 357 (5.1 × 104), 422 (1.7 × 104 sh), 449 (3.4 × 104), 477 (4.9 × 104);
FT-IR (KBr, ʋ cm−1): 3384 (w, br), 3029 (w), 2950 (ms), 2359 (ms), 1634 (s), 1572
(s); Anal. Calcd. for C45H36N4O3: C, 79.4; H, 5.33; N,8.23. Found: C, 78.8; H, 5.128; N,
8.13; ESI MS: m/z 703.3 (M+Na+). 1H NMR (CDCl3) in ppm: 12.25(s, 3H); 7.135 (d,
3H); 7.26 (t, 3H); 7.58 (d, 3H); 7.73 (d, 3H); 7.66(m, 6H); 6.78(d, 3H); 3.15 (t, 6H);
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3.74 (t, 6H). 13C NMR (CDCl3) in ppm: 42.9, 54.9, 108.0, 114.5, 121.6, 124.3, 124.9,
128.0, 129.6, 131.2, 131.5, 137.9, 138.4, 156.1, 183.9.
II.4.3. Characterisation
II.4.3.1. 1H and 13C NMR spectra

Fig II.19. 1H NMR spectra of the receptor H3L in CDCl3 using trimethyl silane as the internal standard.
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Fig.II.20. 13C NMR spectra of receptor H3L in CDCl3.
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II.4.3.2. ESI Mass Spectra

Fig.II.21. ESI mass spectra of H3L in dichloromethane.
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Fig.II.22. FT-IR spectra of H3L.

II.4.3. Synthesis of the model compound HL
The model compound HL was synthesized by following the reported procedure [50,
51]. To a solution of 9-Ethoxy-1-oxophenalenone (500 mg, 2.23 mmol) in 10 mL 1, 2dichloroethane, a solution of n-propyl amine (30 mL) was added. The resulting
mixture then was refluxed at 90 ◦C for12 h and the progress of reaction was
monitored by TLC analysis (1:1 n-hexane–CHCl3). After that the solvent was
removed under vacuum in a rotary evaporator. The crude orange mixture was
purified by column chromatography on active neutral alumina (Brockmann activity
II for column chromatography) using petroleum ether-CHCl3 (0-80%) as eluent.
After complete removal of solvent in vacuum the product has been collected as an
orange solid in 87% yield.
UV/vis (CHCl3): λmax (nm) (ε in M−1cm−1): 252 (1.3 × 104), 341(3.5 × 103 sh), 357
(5.31 × 103), 421 (1.6 × 103), 445 (4.05 × 103),473 (6.56 × 103); FT-IR (KBr, ʋ cm−1):
3348 (w, br), 3030 (w), 2960 (m), 1638 (s), 1469 (s), 1383 (s); HRMS: m/z 238.12
(M+H+). Anal.Calcd. for C16H15NO: C, 80.98; H, 6.37; N, 5.90. Found: C, 80.96;
H,6.23; N, 5.84;1H NMR (CDCl3) in ppm: 1.02–1.10 (t, 3H); 1.75–1.8(q, 2H); 3.42–
3.46 (t, 2H); 6.92–6.94 (d, 2H); 7.11–7.13 (d, 1H);7.32–7.35 (t, 1H); 7.75–7.76(d,
1H); 7.79–7.82 (d 1H); 7.88–7.90 (d,1H), ı 12.2 (br. S, 1H).13C NMR (CDCl3) in ppm:
11.8, 22.8, 44.7,108.1, 114.5, 121.7, 124.3, 125.2, 128.5, 129.0, 131.4, 131.8,
138.2,138.6, 154.4, 184.1.
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II.4.4. General procedures for UV-visible and fluorescence spectroscopy
Solutions of 1 mM for H3L and HL respectively were prepared in THF. To prepare 1
mM solution for each halide ion the n-tetrabutyl ammonium salts of halide ions were
dissolved in THF. For other anions the sodium salts were first dissolved in water to
make 100 mM solution followed by diluting them into 1 mM stock solution in THF.
During UV-visible and fluorescence spectroscopy, the stock solutions of anion salts
have been prepared containing the receptor according to the final concentration to
be used to minimise volume error. In a typical spectroscopic study, 1 mM of receptor
solution was placed in a 1 mm quartz cuvette and the volume was made upto 2 mL
to make a final concentration of 3

10−6 M.
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