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ABSTRACT

In the present investigation, a series of new aromatic aldehyde based chemosensors (S1-
S4) have been sensibly designed and synthesized by the simple condensation reaction and their
anion sensing properties were investigated. The compounds were characterized by spectroscopic
techniques such as FT-IR, UV-Visible, 'H NMR, 3C NMR and ESI-MS. The probes exhibited
high sensitivity and selectivity towards fluoride and cyanide ions over the anions such as Br -,

HSO, CI, OH-, I, NO-, and NO= in dry DMSO and DMSO-water mixture (DMSO: H,0O 9:1



v/v). The binding mechanism of fluorometric chemosensors with N-H-F and N-H-CN ion was
determined based on 'H NMR titration and were also theoretically supported by DFT (Density
functional theory) calculation. The stoichiometry and binding constant (Ka) of the host-guest
complexes formed were determined by the Benesi—Hildebrand (B-H) plot and Job's method
respectively. Finally, economically visible paper-based colorimetric “test stripes” of (S1-S4)

were fabricated to the detection of F- and CN- ions in 100% aqueous solution.

Keywords: Optical sensing, Fluoride ion, Cyanide ion, Colorimetric sensors, Organic medium,

organo-aqueous medium.

1. Introduction

Fluoride and Cyanide have distinctive chemical and biological properties, particularly
owing to its strong electro-negativity and small size. Considerable work has been designed for
the synthesis of selective receptors for sensing of anions. Lower concentrations of fluoride ion
have been devoted beneficial to avoid dental caries. At lower concentrations, the researchers are
discussing the health benefits of fluoride ions!'-. Among the most interested biologically
important anions, fluoride is of great importance because of its conventional role in the treatment
of osteoporosis and dental care*. In many cases, sensing of cyanide ion is indispensable in
environmental, biological and industrial research>%, such as gold extraction, plastic
manufacturing, metallurgy and electroplating but at the same time it is highly noxious to human
health even at wery small concentration due to its strong interactions with the active site of
cytochrome-oxidase’-®. For example, the fluoride ion is a major ingredient in hypnotics,
anesthetics, rat and cockroach poisons, psychiatric drugs and military nerve gases®!'!l. The
cyanide ion also detrimentally affects vascular, visual, central nervous, cardiac,
endocrine and metabolic functions. However, cyanide toxicity, large quantities of
cyanide salts are still widely used in industrial production such as metallurgy (1.5 million
tons per year), electroplating and the synthesis of fine chemicals. With the importance of the
industries, cosmetic goods of fluoride products, particularly food and food products, the
contamination of fluoride is more dangerous'?. Therefore sensing of fluoride and cyanide ions in

the micromolar concentration in chemical, biological and environmental samples is outermost



important!3-14.  Although several methods including atomic absorption, voltametric,
potentiometric, electrochemical and ion exchange techniques have been explored these methods
do not offer a cost-effective, rapid and real-time monitoring system for fluoride and cyanide ions.

Fluoride is the smallest and the outmost important electronegative atom and has peculiar
chemical properties and can form the strongest hydrogen-bond donor!3-16, In particular, the
synthesis of colorimetric anion sensors is most important why because visual detection can
propose qualitative and quantitative information at low levels and broadly used due to its low
cost or no requirements of specific equipment !7-18, Chemosensors are developed according to the
chromophore receptor general binomial!®-?°, which associate with the binding of a specific anion
substrate with receptor sites and a chromophore responsible for transforming the receptor anion
complex particularly participation into an optical signal when anions communicate with the
anion sensors through hydrogen bonding, electrostatic, hydrophobic interaction, coordination to
a metal center, or a combination of any two or more of these interactions. The anion sensor can
yield binding information either by its altered fluorescence, absorption spectra or both behaviors
21-25_The color variation can be associated with either structural or conformational changes in the
receptor moiety when a complex is formed or to the formation of charge transfer complex?S.
These schemes are based upon N-H proton transfer from the donor entity to an anion, which
induce N-H deportation or n-electron delocalization?’. Considerable efforts have been made to
develop hydrogen bonding receptors containing amine?®, imidazole ion?°, urea’’-3!, thiourea3?-33,
imine3*, phenol?3-3¢, pyrole3737, hydroxyl groups?® and hydrazones*. In the present study, design
and synthesis of chemosensors based on reaction of aldehyde with amine, forming a Schiff base

(-C=N-) as a bridge was attempted *'.

In the synthesis of selective fluoride and cyanide ion chemosensors, aromatic aldehyde
receptor (S1-S4) was synthesized by the condensation of an aldehyde and 2,4 dinitrophenyl
hydrazine, this is an organic colorimetric chemosensor. The sensing of the fluoride and cyanide
ion was developed in DMSO and DMSO: H,O (9:1). This result shows the fluoride and cyanide
ions can be detected by the naked eye without interference from other anions based on N-H
proton transfer. The details of anion binding specific aromatic aldehyde with 2.4
dinitrophenylhydrazine (S1-S4) have been analyzed by UV-Visible and DFT studies. These
receptors (S1-S4) have high selectivity towards fluoride and cyanide ions in both spectroscopic

and absorption modes.



2. Experimental

2.1 Materials and methods.

All solvents and reagents (analytical grade and spectroscopic grade), all the anions in
tetrabutylammonium salts were obtained from Merck (India) and spectrochem Pvt. Limited
(India) and used without any further purification. All lab experiments were carried out at room
temperature. All UV-Visible spectra were carried out in DMSO and DMSO: H,0 (9:1), NMR
spectra of the pure samples were recorded using a Bruker Advance (400 MHz)
spectrophotometer, where tetramethylsilane (TMS) was used as ‘the internal standard and
DMSO-d6 and CDCI; as the solvent. Resonance multiplicities were explained as s (singlet), d
(doublet), t (triplet), and m (multiplet). IR spectra were recorded on Bruker FT-IR spectrometer.
Mass spectra were analyzed on a Waters Micromass Q-Tofmicro spectrometer with ESI source.
UV-Vis spectra were recorded with a spectroquant pharo300 Spectrometer in standard 3.5 ml
quartz cells with 1 cm path length. The progress of the reaction was monitored by TLC plates.

Melting point was recorded on Raga melting-point apparatus in open capillaries*.
1-(2,4-dinitrophenyl)-2-((E)-3-phenylallylidene) hydrazine S1

Melting point=248-250 °C. 3y (400 MHz; DMSO-d6 ): 7.0-7.11 (s, 2H, ArH), 7.34-7.50 (m, 3H,
ArH), 7.63-7.68 (t, 2H, ArH), 7.91-7.93 (d, 1H, J-9.2 Hz, ArH), 8.38- 8.40 (d, 1H, J-9.2 Hz,
ArH), 8.47-8.49.(d, 1H, J-6 Hz, ArH), 8.85 (s, 1H, ArH), 11.5(s, 1H, NH, ArH) (Fig-A4). 3C
NMR (DMSO-d6): 6 (ppm): 116.12, 116.47, 122.86, 123.00, 124.81, 127.26, 127.75, 128.89,
129.07, 129.20,129.37, 129.79, 136.98, 140.48, 151.76 (Fig-AS5). LCMS (ESI-MS) m/z: [M-H]
Calculated for C;sH,N40,4, 312.09, Found: 310.95 (Fig-A3). FT-IR (KBr) v (cm™) =3305, 3276,
3096, 3033, 1945, 1585, 1505, 1491, 1421, 1302, 1275, 1253, 1217, 1125, 1106, 1063, 1027,
972,916, 873, 824, 737, 681, 63 (Fig-A2). Yield=85%.

3-((2-(2,4-dinitrophenyl) hydrazono)methyl) pyridine S2

Melting point= 258-260° C. 8y (400 MHz; DMSO-d6): 7.54 (dd, Ji=4.4 Hz, 12=7.62 Hz, 1H,
ArH), 8.10-8.26 (m, 2H, ArH), 8.30-8.49 (m, 1H, ArH), 8.66 (d, J=3.2 Hz, 1H, ArH), 8.77 (S,



1H, ArH), 8.88 (S, 1H, ArH), 8.89 (S, 1H, ArH), 8.95 (S, 1H, ArH), 11.77 ( S, 1H, ArH) (Fig-
A17). BC NMR (DMSO-d6): § (ppm): 116.96, 122.89, 124.08, 129.14, 129.85, 133.82, 137.42,
14431, 146.49, 148.83, 150.99 (Fig-A18). LCMS (ESI-MS) m/z: [M-H] Calculated for
C1,HoNsO, 287.07, Found: 285.95 (Fig-A16). FT-IR (KBr) v (cm) =3296, 3093, 1616, 1581,
1510, 1419, 1323, 1267, 1220, 1143, 1082, 966, 925, 894, 831, 806, 740, 721, 702, 655, 582,
555, 532 (Fig-A15). Yield=91%.

4-bromo-2-((2-(2,4-dinitrophenyl) hydrazono)methyl) phenol S3

Melting point= 265-267°C. dy (400 MHz; DMSO-d6: 6.89-6.91 (d, 1H, J=8.0 Hz, ArH), 7.45
(dd, J1=2.4 Hz, J2=8.4 Hz, 1H, ArH), 7.98-8.0 (d, J=8.0 1H, ArH), 8.11-8.813 (d, J=8.0,1H,
ArH), 8.38-8.39 (d, J=4.0, 1H, ArH), 8.86-8.92 (m, 2H, 2H, ArH), 10.54 (S, 1H ,ArH), 11.77 (S,
1H, ArH) (Fig-A35). 3C NMR (DMSO-d6): d(ppm): 110.93, 116.95, 118.54, 122.46, 122.88,
127.85, 129.48, 127.72, 134.00, 137.03, 144.29, 144.34, 156.03 (Fig-A36). LCMS (ESI-MS)
m/z: [M-H]- Calculated for C;3HoBrN4Os 379.98, Found: 380.90 (Fig-A34). FT-IR (KBr) v
(em™') = 3292, 3093, 1614, 1581, 1510, 1475, 1415, 1388, 1328, 1305, 1274, 1261, 1219, 1184,
1147, 1107, 1058, 943, 918, 881, 831, 817, 740, 723, 655, 624, 557, 528 (Fig-A33). Yield=85%.

2-((2-(2,4-dinitrophenyl) hydrazono)methyl) phenol S4

Melting point= 252-254°C. 8y (400 MHz; DMSO-d6: 6.94 (dd, JI=7.6 Hz, J2=13.2 Hz, 2H,
ArH), 7.28-7.32 (t, 1H, ArH), 7.85-7.87 (d, 1H, J=6.82 Hz, ArH), 8.05-8.07 (d, 1H, J=8.0 Hz,
ArH), 8.37-8.39 (d, 1H,J=8.0 Hz, ArH), 8.87-8.97 (t, 2H, ArH), 10.21 (S, 1H, ArH), 11.73 (S,
1H, NH, ArH) (Fig-A53). 3C NMR (DMSO-d6): 8(ppm): 116.32, 116.64, 119.49, 120.07,
123.03, 126:41, 129.30, 129.72, 131.91, 136.78, 144.37, 146.55, 156.89 (Fig-A54). LCMS (ESI-
MS) m/z: [M=H]- Calculated for C;3H;(N4Os, 302.07, Found: 302.95 (Fig-A52). FT-IR (KBr) v
(em-1) = 3269, 3103, 1514, 1583, 1510, 1417, 1332, 1313, 1217, 1199, 1134, 1085, 962, 920,
821,754,715, 678, 648, 611, 528 (Fig-A51). Yield=81%.

2.2. UV-visible study of the receptor (S1-S4) with anions

For UV-Visible spectroscopic experiments of receptor (S1-S4) concentration (2.0x107

M) was prepared and different anion selectivity was investigated by the addition of different

5



equivalents of various anions (1.0x10-2 M) independently to (2.0x10~ M) stock solutions (S1-S4)
in organic (DMSO) and organo-aqueous (DMSO: H,0, 9:1) medium and analyzed their
absorbance values from 250 to 700 nm. UV-visible titration experiments were recorded by
continues addition of different equivalents of the various anions through a micropipette added to
a 2ml (2.0x10> M) solution (S1-S4) in a cuvette in organic (DMSO) and organo-aqueous
(DMSO: H,0, 9:1) medium and the absorption spectra were recorded*.

2.2 NMR titration experiments

The proceeding results of 'H NMR titration studies determined the sensing of fluoride
and cyanide ions by S1 receptors through the development of receptor-fluoride and cyanide ion
complex. In order to confirm the mechanism of sensing, '"H NMR titration study was performed
with the receptor S1 in DMSO-d6 by the addition of 0.5, 1.0 and 1.5 equivalents of fluoride and
cyanide ions and the '"H NMR titration spectra were shown in Fig-12 and Fig-13.

2.3 Density functional theory calculations

The quantum chemical calculations of the density functional theory on the aromatic
aldehyde receptor were performed to support analyzing the optical behavior and method of
complexation of the aromatic aldehyde receptor with fluoride and cyanide ions. The geometry
optimizations and frontier molecular orbital properties of the molecule at DMSO solvent phase
performed by density functional theory with B3LYP exchange with 6-311G basics sets applying
Maestro-MS.

3.0 Results and Discussion
3.1 Synthesis

As shown in scheme 1. the receptors S1, S2, S3 and S4 were designed and synthesized
by a simple condensation reaction, by reacting 2,4 dinitrophenylhydrazine (0.430 g, 3 mmol)
with cinnamaldehyde (0.594 g, 3 mmol) receptor S1, pyridine 3-aldehyde (0.321 g,3 mmol)
receptor S2, 5-bromoalicyaldehdye (0.603 g,3 mmol), receptor S3 and salicylaldehyde (0.366

g,3 mmol) receptor S4, in ethanol (20ml) respectively. The reaction mixture was stirred at room



temperature for 12 hours. After completion of the reaction, the obtained yellow precipitate was
filtered and washed several times with ethanol to yield the pure receptors (S1-S4). The
completion of the pure product was confirmed by thin layer chromatography (TLC). All the
prepared simple Schiff bases (S1-S4) have been characterized by '*C NMR, 'H NMR, Mass

spectra and IR analysis of spectroscopic methods.

NH, R-CHO |;|
' 12 hours, RT N

-~ R
or ST .
02N N02 HZO 02N N02

0 o
(|) Br | !
Where X Yo : (j) . :
R= N/ OH OH

S1 S2 S3 S4

Scheme 1. Synthesis of receptor S1-S4.

3.2 Colorimetric detection of anions in organic and organo-aqueous medium

The naked eye response of receptor S1-S4 (2.0x10-> M) against different anions such as
F-, Br, I, Cl, OH-, HSO, NO, NO-, F- and CN- (1.0x10-2 M) was first analyzed through
colorimetric chemosensor analysis in organic (DMSO) medium. It was established that among
the receptors S1-S4, only S1 displayed a drastic color change from yellow to purple with fluoride
and cyanide ions showed in Fig-Al (information from ESI*), where as receptors S2-S4
displayed a visual color change from pale yellow to pink with fluoride and cyanide ions showed
in Fig-A6, A24, A42 (information from ESI*). No significant color changes of other anions such
as Br -, I, Cl-, OH-, HSO-;, NO-; and NO-, ions under same conditions were noticed as shown in

Fig-1 and those related to receptors S2-S4 are showed in Fig-A8, A26, A44 (information from



ESI*). Receptor S1 colorimetric chemosensor analysis was also carried out in organo-aqueous
medium (DMSO: H,0, 9:1). It exhibited an optical color change from pale yellow to pink only
with fluoride and cyanide ions showed in Fig-A6, A24, A42 (information from ESI*), while no
visual response was observed on other anions such as Br -, I, Cl, OH-, HSO~, NO3 and NO-,
ions as shown in Fig-2 and related receptor of S2-S4 showed in Fig-A8, A26, A44 (information
from ESI*).

Fig-1&2. Visual color change of receptor S1 (2.0x10 M in dry DMSO) after the addition of 3.3
equivalent and S1 (2.0x10- M in DMSO: H,0, 9:1) with the addition of 4.5 equivalent of
different TBAF salts of anions (1x102M).

3.3 UV-Visible spectroscopic titration of receptor S1 with Fluoride and Cyanide ions in DMSO

The visual interactions of receptor S1-S4 with fluoride and cyanide anions were
measured by UV-Visible spectroscopic absorption technique. The UV-Visible absorption
spectral changes of S1 upon the addition of fluoride and cyanide ions over the other anions are
shown in Fig-3 and those related to receptors S2-S4 were shown in Fig-A7, A25, A43
(information from ESI*). The UV-Visible spectrum of receptor S1 advertised a maximum
absorbance at 406 nm molar absorption coefficient loge = 5.83 which corresponds to the

intermolecular charge transfer (ICT) transition (n-n*) from N-atoms to the aldehyde moiety as



shown in Fig-3, on the addition of fluoride (0.0-3.3 equivalents) and cyanide (0.0-3.75
equivalents) the visual color of receptor changed from pale yellow to purple showed in Fig-Al
(information from ESI*) and other receptors S2-S4 showed drastic color changes from pale
yellow to pink showed in Fig-A6, A24, A42 (information from ESI*).

A new peak was developed at 517 nm and 515 nm resulting from the complex between
receptor S1 with fluoride and cyanide ions. It indicated the bathochromic shifts of Ajcr= 111 nm
and 109 nm (Fig-3). In this case N-H~F- and N-H-~CN- is a relatively good electron donor than
free N-H in the intermolecular charge transfer (ICT) transition in receptor S14446, while the
fluoride and cyanide ions were bound via H-bonding interaction from the amine group of
receptor S1, the electron cloud density of electron rich amine fragment was further increased
which developed the charge transfer interaction between electron rich and electron deficient
DNP moiety.

The UV-Visible titration, of receptor S1 was carried out in DMSO medium by taking
different equivalent of F- (0.0-3.3 equivalent) and CN- (0.0-3.75 equivalent). Upon addition of
fluoride and cyanide ions, the absorption peak at 402 nm was shifted to 517 nm which was
attributed to the charge transfer between F-and CN- with high acidic -NH unit of the receptor S1
(Fig-3)¥-%°. The final colorimetric UV-Visible titration confessed a clear isosbestic point of 452
nm which determined the formation of a strong complex between receptor S1 with F- and CN-.
Absorption spectra of S1 (2.0x10-> M) in the presence of fluoride ion (up to 3.3 equivalent of
TBA-F) and cyanide ion (up to 3.75 equivalent of TBA-CN) in DMSO showed in Fig-9. All
other receptors S2-S4 produced a comparable UV-Visible spectral changes with fluoride and
cyanide showed in Fig-A9, A27, A45 (information from ESI*). Extended variation method was
used to determine the stoichiometric ratio of the receptor, fluoride and cyanide ions guest. In Fig-
11, Job’s plot of receptor S1 (1x10-*M) with F-and CN- in DMSO medium shows a maximum at
a mole fraction of 0.5. These results were shows that the receptor S1 binds with fluoride and
cyanide anion with a 1:1 stoichiometric ratio to form complex and receptor S2-S4 showed in Fig-

Al4, A32, A50 (information from ESI*).



3.4 UV-Visible spectroscopic titration of receptor SI1 with Fluoride and Cyanide ions in Organo-
aqueous medium

The sensing capacity of the receptor S1 was carried out in DMSO: H,O (9:1, V/V)
solution. The optical color changes were seen for F- and CN- ions on binding with receptor S1
even in existence of protic solvent of H,O as shown in Fig-6. The protic solvent of H,O contest
with anion binding sites of the receptor nearby annoying the cooperation between receptor and
anion. However, the receptor S1 demonstrated the capability of water molecules to bind with
anions in aqueous medium and recommended the hydrogen-bond interaction between anions and
receptor S1. UV-Visible spectrum was recorded on stepwise addition up to 5.0 equivalent of F-
and 5.25 equivalent of CN-ions in the DMSO: H,0 (9:1, V/V). The solution displayed changes
in UV-Visible absorbance spectrum from F- and CN- ions shown in Fig-6 and other receptors S2-
S4 showed in Fig-A7, A25, A43 (information from ESI*). The stepwise addition of 0.0-5.0
equivalents of F- ions (1x10-2 M) to the receptor (2.0x10-3> M) increases its absorbance band from
405 nm to 512 nm with sharp isosbestic point of 449 nm, showing regular interaction with
receptor S1 and F- ions with a bathochromic red shift of 107 nm and with drastic color changes
from pale yellow to pink showed in Fig-A14, A32, A50 (information from ESI*). On the other
hand incremental addition of 0.0-5.25 equivalents of CN- ions to the DMSO: H,O (9:1, V/V)
(2.0x10> M) displayed new absorbance band at 509 nm, resulting in bathochromic shift of 104
nm with the isosbestic point at 449 nm which convey that a new species is formed in response to
the interaction with receptor S1 and anions shown in Fig-6.

When similar set of UV-Visible spectroscopic titration was carried in organo-aqueous
medium (DMSO: H,0, 9:1, V/V), it was interesting to observe that, the receptor S1 advertised a
drastic color changes from pale yellow to pink only with fluoride and cyanide ion while no color

change was observed with Br, I, Cl-, OH-, HSO, NO-3 and NO-, ions shown in Fig-10.

3.5 Determination of stoichiometry, binding constant, the limit of detection and limit of
quantification

Bensi-Hilderbrand (B-H) plot was sketched between 1/(A-A0) and 1/[Mn+]? according to
the B-H equation 1. The receptor S1 upon incremental addition of the F- and CN- showed 1:2
binding stoichiometric ratio in DMSO and DMSO: H,0, 9;1 shown in Fig-5 & Fig-8 and related
receptor S2-S4 showed in Fig-A12, A13, A30, A31, A48, A49 (information from ESI*). The

10



binding constant between receptor S1-F- and CN- were calculated and given in the table below
Table 2.

Linearity plotted between absorbance v/s concentration of F-and CN- in molar shown in
Fig-4 & Fig-7 and remaining receptor S2-S4 showed in Fig-A10, Al11, A28, A29, A46, A47
(information from ESI*). A good relationship between absorbance and concentration with the
R?>0.99. The limit of detection & limit of quantification was calculated using the equation given

bellow and showing in Table 2.

. A-A4Ag 1
Equation 1. K= - X M+

Where

K = is the association constant

A= is the absorbance of receptor in the absence of guest.

A = is the absorbance recorded in the presence of an added guest.
Amax = is absorbance in the presence of added [Mn+]max.

[Mn+] n = concentration of fluoride and cyanide ion with binding ratio.

Limit of Detection = 3.3* Standard deviation of calibration curve (SD) / Slope.

Limit of quantification = 10* Standard deviation of calibration curve (SD) / Slope.
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Fig-3. UV-Visible absorption changes of receptor S1 (2.0x10-> M) upon addition of (0.0 to 3.3
equivalent) of TBA-F and (0.0 to 3.75 equivalent) of TBA-CN (1.0x102M) in DMSO.
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Fig-4. Calibration curve for the determination of detection limit of receptor S1 with Fluoride and

Cyanide ions in DMSO.
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Fig-5. Inset: B-H plot for the titration of receptor S1 with F- and CN-ion in DMSO.
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Fig-6. UV-Visible absorption changes of receptor S1 (2.0x10°> M) upon addition of (0.0-5.0
equivalent) of TBA-F and (0.0 to 5.25 equivalent) of TBA-CN (1.0x102 M) in DMSO: H,0
9:1).
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Fig-7. Calibration curve for the determination of detection limit of receptor S1 with fluoride and
cyanide ion in DMSO: H,O (9:1, v/v).
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Fig-8. Inset: B—H plot for the titration of receptor S1 with F- and CN-ion in DMSO: H,0 (9:1).
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Fig-9. UV-Visible Absorption spectra Fig-10. UV-Visible absorption
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determined by UV-visible experiments in (DMSO) organic medium.

Tablel. Selected absorption spectra of receptors S1-S4 (2.0x10~ M) in DMSO and DMSO: H,0
(9:1, V/V) medium in the presence of F- and CN- ions (1.0x10-2 M) in different equivalent

Medium of UV-Visible UV-Visible UV- Bathochromic Visible
Receptor ] band in nm band in nm Visible ' Shift in color
Detection without F- with F-ion | bandin | Visible band change
A . in nm
and CN nm leth F-&CN-
CN-ion
S1 DMSO 406 517 515 111 &109 | Pale yellow
to purple
S2 DMSO 390 504 502 114 &112 Pale yellow
to pink
S3 DMSO 404 508 506 102 &104 Pale yellow
to pink
S4 DMSO 405 499 497 94 &92 Pale yellow
to pink
S1 DMSO:H,0 405 512 509 107&104 Pale yellow
to pink
(9:1.V/V)
S2 DMSO: H,O 389 499 498 110&109 Pale yellow
to pink
(9:1.V/V)
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S3 DMSO: H,0O 406 502 503 97&96 Pale yellow
to pink
(9:1.V/V)
S4 DMSO: H,O 403 493 492 90&89 Pale yellow
to pink
(9:1.V/V)

Table 2. Association constant and Binding constant, Limit of Detection and Limit of
Quantification of receptor S1-S4 in the presence of fluoride and cyanide ions.

Association Binding LOD in LOQ in ppm
R+Anions constant M-! | constant in ppm
M-!

S1+TBAF(DMSO) 2.1x10° 2.58%10° 0.268 0.8
S1+TBACN(DMSO) 2.9%x10° 3.19x10° 0.314 1.0
S2+TBAF(DMSO) 1.0x10° 3.4x10° 0.258 0.80
S2+TBACN(DMSO) 1.0x10% 1.59x10° 0.292 0.90
S3+TBAF(DMSO) 8.7x104 1.2x10° 0.60 0.55
S3+TBACN(DMSO) 2.9%x10° 7.6x108 0.20 0.18
S4+TBAF(DMSO) 1.1x10° 4.0x10° 0.20 0.60
S4+TBACN(DMSO) 1.8x10° 1.02x10° 0.10 0.30
S1+TBAF(DMSO:H,0, 9:1) 7.4x10% 2.49x10° 0.12 0.40
SI+TBACN(DMSO:H,0, 9:1) | 3.0x10* 3.75x10° 0.19 0.60
S2+TBAF(DMSO:H,0, 9:1) 1.6x10° 1.69x10° 0.230 0.70
S2+TBACN(DMSO:H,0, 9:1) | 2.9x10* 5.61x10° 0.33 1.0
S3+TBAF(DMSO:H,0, 9:1) 3.7x10° 7.0x10° 0.27 0.80
S3+TBACN(DMSO:H,0, 9:1) | 2.5x103 3.8x10° 0.5 0.15
S3+TBAF(DMSO:H,0, 9:1) 1.9x10° 4.73x10° 0.558 1.70
S3+TBACN(DMSO:H,0, 9:1) 1.1x10° 5.33x10° 0.451 1.40
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3.6 'H NMR titration study of receptor S1 with Fluoride and Cyanide ions
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Fig-12. Titration of S1 with TBA-F in DMSO

MSO-d6 as monitored by '"H NMR spectroscopy.
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Fig-13. Titration of S1 with TBA-CN in DMSO-d6 as monitored by 'H NMR spectroscopy.

The chemosensor property exhibited by the receptor S1 was observed by UV-visible
spectroscopy. In order to analyze the sensing mechanism of the receptor S1 with fluoride and
cyanide, the '"H NMR titration study was investigated shown in Fig-A12 and Fig-A13. In 2,4

dinitrophenylhydrazine the signal corresponds to —NH proton was observed at 8.85 ppm, when
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the 2,4 DNP attached with aromatic aldehyde the signal was observed at 11.56 ppm in the
presence of N-H proton. This is due to the existence of ICT between 2,4 DNP and aromatic
aldehyde. "H NMR titration of receptor S1 observed with tetrabutylammonium fluoride and
cyanide ion in DMSO-d6. The addition of 0.5 equivalent of fluoride the comparable (11.26 ppm)
—NH proton peak was shifted to slightly up field and the addition of 1.0, 1.5 equivalent of
fluoride resulted, disappeared -NH proton in the 'H NMR spectra. On the other hand, the
receptor S1 complex with CN- in '"H NMR titration, the addition of 0.5, 1.0 and 1.5 equivalent of
CN- the corresponding (11.56 ppm)-NH proton had completely disappeared. The mechanism is
that —-NH proton moiety of the receptor S1 interacts with F- and CN- through hydrogen bonding
and formed by the more F- and CN- in the interaction inducing proton transfer reaction and

density of the electron increased shown in scheme 2.

This leads to ICT in the whole system and red shift in the absorption on the addition of F-
and CN-. At the meantime, the electron density of nitro aromatic aldehyde ring was gradually
increased and the hydrogens of aromatic ring shifted upfield automatically. Therefore, color
change can be showing to the formation of hydrogen bonding between -NH moiety and F-, CN-

1ons.
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Scheme 2. Interaction of fluoride respectively cyanide anions with the receptor S1 including

mesomeric formulae of deprotonated S1.

3.7 Computational study of receptor S1-S4 with fluoride and cyanide ion.

To understand the photophysical properties of the receptors S1-S4 and its calculation
with fluoride and cyanide ions were carried out by theoretical methods using Maestro-MS
calculation. The receptor (S1-S4) were optimized and complexes with the electronic ground and
excited state through Density Functional Theory (DFT) calculation using the B3LYP/6-311G
basis set with the fluoride and cyanide ions observed by using Maestro-MS software (Fig-14).

The additional information about the mechanism of interaction between S1 complexes
with anions was obtained from the typical transition energy diagram for the HOMO and LUMO
of the receptor S1 with its complex with fluoride and cyanide ions as shown in Fig-14 and
related receptor S2-S4 showed in Fig-A19, A37, AS55 (information from ESI*). The more
disturbed HOMO layer with DNP moieties and also the distribution of aldehyde moiety. On the
deprotonated species, mostly HOMO layer was located with aldehyde moieties and LUMO was
distributed in aldehyde and DNP moieties. Therefore, binding of fluoride and cyanide with
receptor S1 and the electron density through extended JI-conjugation, which leads to the
homogenous distribution throughout the molecule. The aspect had been well explained in the

ICT 051,
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The bathochromic shift of the absorption band of receptor S1 when binding with fluoride
and cyanide ions might be further understood in terms of increase of the potential energy of its
HOMO & LUMO shown in Fig-14. The energy gap between HOMO and LUMO of receptor S1
decreased on its binding with fluoride and cyanide. The fluoride and cyanide ions would prefer
electron deficient LUMO more rather than HOMO. Therefore, on binding with fluoride and
cyanide the potential energy of the LUMO slightly decreased moderately and finally directed
towards the narrowing of the energy gap between HOMO &LUMO, which was ultimately
responsible for the red shift of absorption maximum of receptor S1 complex with fluoride and

cyanide.

A) LUMO S1 B) LUMO S1+F- C) LUMO S1+CN-

AE=1.4530 ev AE=1.9319 ev AE=1.8078 ev
AE=5.9276 ev AE=5.2836 ev AE=5.3171ev
AE=7.3806 ev AE=7.2155 ev AE=7.1249 ev

HOMO S1 HOMO S1+F- HOMO S1+CN-

Fig-14. HOMO’S and LUMO’S diagrams for (A) receptor S1, (B)receptor S1+F-, (C) receptor
S1+CN- obtained by the B3LYP/6-311G method.
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3.8 Practical applications in real sample analysis of Receptor S1

Further study, practical applications in real sample analysis of receptor S1 was carried out
by qualitative determination of fluoride and cyanide ions in commercially usable products such
as toothpaste and mouthwash. Mouthwash & toothpaste sample was weighed 20 mg in 1ml by
dissolving distilled water>?. Finally, a drop of commercially useable mouthwash and toothpaste
was added into the receptor S1, a drastic color change from pale yellow to A) orange & B) pink
correlation as shown in Fig-15. The UV-visible absorption spectra recorded with receptor S1 in

the presence of mouthwash and toothpaste showing similar charge transfer absorption band as

observed in the case of fluoride and cyanide ions are shown in the Fig- 15. All other receptors

(S2-S4) analysis showed in Fig-A20, A21, A38, A39, A56, and A57 (information from ESI*).

s SN |
R

Fig-15. The color change of the receptor S1 (2.0x10°M) upon addition of a drop of (A)
mouthwash and (B) toothpaste.

1.6
1.4 s1 Toothpaste

Mouthwash

Absorbance

0.0 T T T T T T T T ]
250 300 350 400 450 500 550 600 650 700
Wavelength(nm)

Fig-16. Absorption spectra of receptor S1 (2.0x10-> M) upon addition of a drop of mouthwash

and toothpaste.
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3.9 Practical application

In the present investigation of receptor S1, test strips were prepared by using Whatman-
40 test paper immersing into DMSO solution and dried in the hot air oven. Upon this light-
yellow colored strip was observed and which was then dipped into an aqueous solution of (A)
TBA-F and TBA-CN of different concentration shown in Fig-17 and Fig-18, receptor S2-S4
showed in Fig-A22, A23, A40, A41, A58, A59 (information from ESI*), this showed drastic
color changes. Finally, we concluded this kind of application is more efficient and less
expensive, new receptor will be more advantageous in sensing of these anions in real life

application.

100ppm 300ppm | S00ppm

Fig-17. Color changes of test papers prepared using receptor S1 for detecting F-ions in aqueous

solution with different concentration.
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Fig-18. Color changes of test papers prepared using receptor S1 for detecting CN-ion in aqueous
solution with different concentration.

Conclusion

To illustrate, the simple and efficient colorimetric sensors, receptor S1-S5 based on
aromatic aldehyde with —NH as a hydrogen donor. To analyze the UV-visible absorption
spectroscopy of receptor (S1-S4) showing higher selectivity for fluoride and cyanide ions
without any distinct color from other anions, the bathochromic shift was observed on maximum
absorption. The receptor S1 shows a dramatic color change from pale yellow to purple and (S2-
S4) pink upon addition of fluoride and cyanide in DMSO medium and S1-S4 shows drastic color
change from yellow to pink in organo-aqueous (DMSO: H,0, 9:1) medium. 'H NMR titration
can be done the reaction between receptor S1-S4 with fluoride and cyanide which indicate the
delocalization of electron in the system and intermolecular charge transfer would increase
exhibiting UV-Visible absorption spectra red shift significantly. Finally, the quantum mechanical
calculation through DFT well supported the experimental findings.
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Highlights

Colorimetric responses of S1-S4 to anions in organic (DMSO) and organo: aqueous
(DMSO:water) medium were visible to the naked eye

Detection of F- and CN- by S1-S4 was monitored by means of UV-vis and test stripes
techniques.

The S1-S4 ha an excellent sensitivity with the detection limits under micro molar
concentration

The method was validated and applied for the detection F- ion in real samples( mouth
freshener and toothpaste).
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