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Abstract:

Synthesis of novel benzophenone-based chemosensor is presented for the selective sensing of
Sn?* ion. Screening of competitive metal ions was performed by competitive experiments. The specific
cation recognition ability of chemosensor towards Sn°* was investigated by experimental
(UV-visible, fluorescence spectroscopy, *H NMR, *C NMR, FTIR and HRMS) methods and
further supported by Density Functional Theory study. The stoichiometric binding ratio and
binding constant (Kz) for complex is found to be 1:1 and 1.50 x 10*, respectively. The detection
limit of Sn** towards chemosensor was found to be 0.3898 ppb. Specific selectivity and

superiority of chemosensor over another recently reported chemosensor is presented.
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1. Introduction:

Chemosensors provide a powerful method for the efficient detection of trace metal ions
and thus they have wide applications in biological [1], environmental [1], clinical [2],
industrial [2] and chemical processes [1,2]. Among the various sensing techniques [3],
fluorescence chemosensors [4] have been a focus of utmost importance in recent years due to
their high sensitivity and selectivity [5], operational simplicity [6], rapid response time [7], and
for their potential application [8] in environmental and medicinal research [9-11]. Also

fluorescence chemosensing technique is more cost efficient than traditional methods such as



atomic absorption spectroscopy [12], inductively coupled plasma-mass spectrometry and
inductively coupled plasma-atomic emission spectrometry [13].

Tin is involved in most of reactions during preparation of important molecules of PGF
derivatives [14], coumarin derivatives [15], indole derivatives [16] and graphene sheets [17]. Tin
is an essential trace mineral for humans and is found in the greatest amounts in most of the
organs [18]. Some toxic effects of tin which are limited mostly to gastrointestinal is reported
[19]. There are some evidences that tin is involved in cancer prevention [20]. Therefore, the
development of more selective and sensitive fluorescent sensors for detection of Sn?* is urgent.

Structure analogs of L [21] is reported having sensitivity to AI**

ion is reported. However, there
are very few reports which include Sn** complexation affecting optical properties of 4-arylvinyl-
2,6-di(pyridine-2yl)pyrimidines [22] and detection of Sn?* ion along with AI** [23], but our
sensor (L) is only selective for Sn** ion without any interference of other competitive ions.

Schiff bases (imines) and their derivatives containing fluorescent scaffold are claimed to be
encouraging tools for optical sensing of metal ions [24-28]. Benzophenone derivatives have
been widely used as an important chemical entity in developing materials such as photoreactive
micro particles [29], hybrid photoreactive silica nanoparticles [30,31] and efficient pH sensors
[32]. Some of Schiff base chemosensor showed one or more drawbacks in terms of real
applicability including synthetic difficulties, fluorescence quenching, and cross-sensitivities with
other competitive metal ions [33]. Hence, it is worthwhile to overcome for a practical fluorescent
sensor for selective detection of metal ions like Sn*".

In this study, we report the synthesis of a new turn-on fluorescent sensor (L) that can
selectively detect Sn®* ion. The sensing behavior of L to various metal ions (Ba**, Cu**, Pb*,
Hg?*, Mn?*, Ni**, Fe**, Na*, AI**, Ca®* and Mg®") was studied by absorption and fluorescence
spectra. Moreover, sensing sites was investigated by spectroscopic techniques which is supported
by DFT (Density Functional Theory).

2. Experimental

2.1 Materials and methods

All the analytical grade chemicals and reagents were procured from SD Fine Chemical

Ltd. (Mumbai, India) and were used without further purification. The reactions were



monitored by thin layered chromatography (TLC) using 0.25 mm E-Merck silica gel 60
F254 pre coated plates, which were visualized with UV light. ‘H NMR and **C NMR spectra
were recorded on a 500 MHz and 125 MHz instrument of Agilent Technology, respectively.
Chemical shifts are expressed in 1 (ppm) using TMS as an internal standard. IR spectra
were recorded on JASCO FTIR 4100 spectrometer within the region of 4000-450 cm™. HRMS
spectral data were recorded by time of flight (TOF) method. UV-visible and Fluorescence
spectra were recorded on Perkin Elmer Lambda 25 UV-VIS spectrophotometer and Varian
Cary Eclipse fluorescence spectrophotometer, respectively using a quartz cell of 1-cm path
length. DFT computations were performed using the Gaussian 09 (G09) program [34].
Optimized geometry of L and its complex with Sn** were carried out using B3LYP as hybrid

functional and 3-21G basis set.
2.2 Synthetic scheme and characterization of L and [L+ Sn?*] complex

<<Please insert Schemel: Synthesis of (2-(2-hydroxyphenyl)-1H-benzo[d]imidazol-5-yl)(phenyl)

methanone (L)>>

The compounds 1 and 2 were prepared by the reported procedure [35,36].

Synthesis of (2-(2-hydroxyphenyl)-1H-benzo[d]midazole-5-yl)(phenyl) methanone (L)

2 (3-amino, 4-hydroxybenzophenone) (1mmol) and commercially available 3 (4-(N,N-
diethylamino)-2-hydroxybenzaldehyde) (1mmol) was dissolved in ethanol. The resulting
reaction mass was refluxed at 78-80°C for 2 hours (Scheme 1). After completion of reaction,
product was precipitated by adding 25 mL of water. Precipitate formed was filtered and dried in
oven at 50°C. Product was purified by recrystallization from ethanol. Yield= 72%. The
synthesized compound was characterized by ‘*H-NMR, *C NMR and HRMS analysis. M.P. =
120-122°C.

a) L ((2-(2-hydroxyphenyl)-1H-benzo[d]midazole-5-yl)(phenyl) methanone) (Fig. S1-S4)

'H NMR (500 MHz, DMSO): & 13.82 (s, 1H), 10.64 (s, 1H), 8.69 (s, 1H), 7.71 (d, J = 7.5 Hz,
2H), 7.68 (s, 1H), 7.64 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.5 Hz, 2H), 7.43 (d, J = 8.3 Hz, 1H), 7.31
(d, J =8.8 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 6.27 (d, J = 8.8 Hz, 1H), 6.01 (s, 1H), 3.38 (q, J =
7.0 Hz, 4H), 1.11 (t, J = 7 Hz, 6H) ppm.



3C NMR (125 MHz, DMSO): & 195.20, 172.99, 160.03, 151.26, 147.99, 141.42, 137.75,
137.18, 134.56, 132.26, 130.19, 129.82, 129.33, 128.33, 124.37, 119.32, 112.21, 104.06, 34.37,
14.82 ppm.

FT-IR: 3516 (phenolic O-H stretching), 3065 (Hydrogen bonded O-H stretching)

1650 (C=0 stretch), 1615 (Imine C=N stretch), 1270 (C-N stretch) cm™.

HRMS (EI): Calcd. for [(C24H25N203) = L+ H'], m/z 389.1865, found m/z 389.1867.

b) [L+ Sn**] complex (Fig. S5-S8)

'H NMR (500 MHz, DMSO): § 13.20 (s, 1H), 11.03 (s, 1H), 8.81 (s, 1H), 7.70 (d, J = 7.5 Hz,
2H), 7.68 (s, 1H), 7.65 (t, J = 7.5 Hz, 1H), 7.54 (t, J = 7.5 Hz, 2H), 7.43 (d, J = 8.3 Hz, 1H), 7.31
(d, J = 8.8 Hz, 1H), 7.03 (d, J = 8.3 Hz, 1H), 6.27 (d, J = 8.8 Hz, 1H), 6.01 (s, 1H), 3.41 (q, J =
7.0 Hz, 4H), 1.12 (t, J = 7 Hz, 6H) ppm.

3C NMR (125 MHz, DMSO): & 195.21, 180.25, 163.87, 150.02, 147.99, 141.43, 137.74,
137.19, 134.55, 132.27, 130.18, 129.83, 129.33, 128.32, 124.38, 119.31, 112.22, 104.04, 34.38,
14.81 ppm.

FT-IR: 3323 (phenolic O-H stretching), 2974 (Hydrogen bonded O-H stretching)

1665 (C=0 stretch), 1613 (Imine C=N stretch), 1270 (C-N stretch) cm™.

HRMS (EI): Calcd for [(C2sH33N,0sSn%") = L+ Sn**+ 2MeOH + H*], m/z 573.1411, found m/z
573.2513.

2.3 Screening and analysis

All the cations (Ba**, Cu?*, Pb**, Hg®*, Mn®*, Ni**, Fe**, Na*, AI**, Ca**, Mg**and Sn**) were
used in the form of their freshly prepared chloride salts. BaCl,, CuCl,, PbCl,, HgCl,,
MnCl,.4H,0, NiCl,.6H,0, FeCl;6H,0, NaCl, AlCI;.6H,0, CaCl,, MgCl, and SnCl,.2H,0 salts
were dissolved in water to prepare the stock solution with the concentration of 5.0 x 10 M.
Similarly, L was dissolved in THF to prepare the stock solution with the concentration of 5.0 x
10 M. Al the stock solutions were further diluted with THF (Tetrahydrofuran) - HEPES (2-[4-
(2-hydroxyethyl)piperazin-1-yl]ethanesulfonic acid) buffer (90:10, v/v, pH 7.4) to make
solutions which were used directly [37]. For the sensitivity measurement, different
concentrations of Sn** ions were added to the ligand (L) solution, and the fluorescence spectra
were recorded. Selectivity was checked by addition of Ba?*, Cu®**, Pb?*, Hg?*, Mn**, Ni**, Fe**,



Na*, AI**, Ca®" and Mg? into the ligand (L) solution. The emission spectra were recorded
between 445 and 650 nm by exciting the receptor at 445 nm. Excitation and emission slit
width was kept at 5 nm and 10 nm, respectively. All experimental parameters were kept
constant throughout in order to have precision and accuracy.

3. Results and discussion

3.1 UV-visible and fluorescence experiments

<<Please insert Fig. 1: a) Absorption spectra of L (5uM) in presence of various cations (10uM) b)
Emission spectra of L (5uM) in presence of various cations (10uM) in THF— HEPES buffer (90:10,
viv, pH 7.4)>>

The optical behavior of L was initially studied using UV-Vis absorption and emission
spectra in THF— HEPES buffer (90:10, v/v, pH 7.4). Absorption spectra of L (5uM) exhibited
Amax @t 380 nm. Upon addition of Sn?* ions (10pM) new strong absorption band was observed
around 445 nm. On the other hand, the addition of other metal ions leads to only a weak
absorption band around 445 nm clearly indicated the efficient binding of Sn®* as compared to
other metal ions (Fig. 1a). On excitation at 445 nm, a very strong 18 fold increase (compare to L
alone) in emission intensity was observed at around 488 nm for L+ Sn®* while very weak
(around 20-50 a.u.) emission intensity was exhibited by other metal ions complexes (L+M*™/23)
and L (excited at 380 nm) (Fig. 1b). The fluorescence enhancement may be caused by chelation-
enhanced fluorescence (CHEF) effect [38]. Alternatively, this could also be explained by
inhibition of PET (Photoinduced electron transfer), ESIPT (Excited state intramolecular proton

transfer) and C=N isomerization process caused enhancement in the emission [8,27,38,39].
3.2 Competitive experiments

<<Please insert Fig. 2: Competition experiment of selectivity of L towards Sn** in the presence of
other cations. [L] = 5uM, [Sn*"] = 10 uM, and [X"™] = 10 uM in THF— HEPES buffer (90:10, v/v, pH
7.4) at hexe = 445 nm.>>



To investigate the selectivity of probe L towards Sn*" in presence of other metal ions, we
conducted competitive experiments. Emission intensity of ligand L (5uM) in presence of Ba?",
Cu?*, Pb?*, Hg*, Mn?*, Ni**, Fe**, Na*, AI**, Ca** and Mg®* metal ions solution (10pM) was
found to be around 20-50 a.u. and identical to L alone. Upon addition of Sn?* (10uM) to these
solutions sufficiently strong fluorescence (12-15 fold enhancement) was observed (Fig. 2). The
emission intensities of the resulting solution was more or less same. Hence, receptor L was
shown to be a selective fluorescent sensor for Sn?* in the presence of competing metal ions.

3.3 Quantitative analysis

In order to quantify the amount of Sn®* ions required to bind completely to the ligand
L saturation point need to be determined. Upon addition of Sn*" ions from 5uM to 30uM in L
(2.5 uMm) solution we observed isosbestic point at around 410 nm clearly suggested the
conversion of L to [L-Sn**] (Fig. 3a). Absorption spectra clearly suggested the formation of [L-
Sn*] complex. On excitation at 445 nm [L-Sn**] complex showed increasing emission intensity at
around 488 nm (Fig. 3b). There is no any significant increase in the emission intensity after addition of
25uM Sn?* solution as saturation point has achieved. Relative fluorescence quantum yield (dy) of
L was estimated to be 0.62% in THF— HEPES buffer (90:10, v/v, pH 7.4) while that of [L-Sn*]
complex is found to be 79%. Relative fluorescence quantum yields were measured using quinine

sulfate in 0.1N H,SO, as standard (d;=0.546).

<<Please insert Fig. 3. a) Absorption spectra of L (2.5uM) with varying Sn®* concentration in
THF- HEPES buffer (90:10, v/v, pH 7.4) b) Fluorescence spectra of L (2.5uM) with varying
Sn?* concentration in THF— HEPES buffer (90:10, v/v, pH 7.4)>>

<<Please insert Fig. 4. Job plot (stoichiometric ratio) of L with Sn**>>

Stoichiometry of the probe (L)-analyte (Sn**) was determined by using Job’s plot as

continuous variation method. During this experiment the total concentration of the L and Sn**
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was kept constant (10uM) and the mole ratios was varied for 10 different fractions. The Job’s
plot was obtained by plotting the fluorescence intensity (I) as a function of the mole fraction of

Sn?*. Complexation of L and Sn** showed 1:1 stoichiometry in Fig. 4.

From the fluorescence titration study, the association constant (K.) for L-Sn®* in THF—
HEPES buffer (90:10, v/v, pH 7.4) was determined as 1.5 x 10* M™ by using Benesi-Hildebrand
plot (Fig. 5).

<<Please insert Fig. 5. Benesi-Hildebrand plot>>

<<Please insert Fig. 6. Plot for detection limit calculation>>

Limit of Detection (LOD) was calculated from the equation LOD= (3 X SD)/slope.
Fluorescence titration of the L (1uM) with Sn®* was carried out by adding aliquots of Sn** from
10uM-100 uM. The standard deviation (SD) was obtained from 10 blank readings of the L (1uM).
From the plot of the fluorescence intensity (I-1,) as a function of the added Sn?*, the slope was
obtained. The detection limit was found to be 0.3898 ppb (Fig. 6).

Some known structural analogs of Ligand showing comparative sensitivity, binding
constant and detection limit is given in Table 1. Our ligand showed specific selectivity towards
Sn?*jon as compare to naphtelene based ligand (Sn** and AI**). Binding constant of our ligand L

(1.50 x 10* M) is quite high as compare to reported benzophenone based ligand (5.7 x 10° M™).

<<Please insert Table 1 Comparative selectivity, binding constant, detection limits with

reported ligands>>
3.4 Binding sites determination

To better understand the complexation sites of receptor L with Sn?*, *H NMR experiments
were carried out in DMSO. The spectral differences are depicted in Fig. 7. After addition of 1.0
equivalent of Sn** salt to L in DMSO, the protons of imine and hydroxyl proton of
benzophenone moiety were shifted down-field by 0.12 and 0.41 ppm, respectively while
hydroxyl proton of N, N diethyl aniline moiety was shifted up-field by 0.60 ppm as compared to
isolated L in DMSO. Up-field shift of hydroxyl proton indicated that acidic proton initially



available for transfer to the imine nitrogen (ESIPT) was restricted during binding of Sn?* ion
with expected atoms of L (Figure 7). Further addition of 2 equivalents of Sn** did not show any

significant changes in the spectrum which correlated the stoichiometry ratio 1:1.

<<Please insert Fig. 7. Comparative changes in *H NMR of L when binds with Sn?*>>

3.5 Theoretical confirmation by DFT

To get insight details of the binding sites and geometry of L during binding of Sn** to L
computational calculations were performed. As expected, there is good correlation of DFT study
with the experimental results as far as binding sites are concerned. Sn** binds -N atom of imine
strongly having weak interactions with two Oxygen atoms of hydroxyl groups. Optimized

geometry of L and L- Sn** complex has shown in Fig. 8a-b

<<Please insert Fig. 8. a) Optimized geometry of L at B3LYP/3-21g level. b) Optimized geometry of
L- Sn?* complex at B3LYP/3-21g level at gas phase >>
<<Please insert Table 2 Bond lengths of selected bonds>>

Calculated bond lengths of the selected bonds are tabulated in Table 2. Imine (-C=N-)
bond length has increased from 1.29379 A to 1.3727 A, both C-O bond lengths increased from
1.37598 A to 1.44143 A and from 1.374 A to 1.3876 A. Similarly, O-H bond length of
benzophenone moiety has increased from 0.99423 A to 0.99606 A while O-H bond length of N,
N diethyl aniline moiety has decreased from 0.99343 A to 0.99134 A which in correlation with
'H NMR shift shown in Fig. 7.

4. Conclusion:

A simple Schiff base receptor L was synthesized for selective detection of Sn*. On
complexation with Sn?*, analyte L exhibited significantly distinct absorption peak at around 445
nm and pronounce increased emission intensity (18 folds) at 488 nm. The formation of complex
structure by interaction of nitrogen (imine) and oxygens (phenolic group) with Sn** has been
confirmed by spectroscopic techniques which was further supported by DFT study. The
stoichiometric binding ratio, binding constant (K,) and limit of detection for complex is found to



be 1:1, 1.50 x 10* and 0.3898 ppb, respectively. Specific selectivity to Sn**, comparable binding

constant and a good limit of detection as compare to other reported chemosensor is observed.
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Figures and Scheme

Fig. 1: a) Absorption spectra of L (5uM) in presence of various cations (10uM) b) Emission spectra
of L (5uM) in presence of various cations (10uM) in THF— HEPES buffer (90:10, v/v, pH 7.4)

Fig. 2: Competition experiment of selectivity of L towards Sn?* in the presence of other cations. [L] =
5uM, [Sn*] =10 pM, and [X™] = 10 uM in THF— HEPES buffer (90:10, v/v, pH 7.4) at A, = 445
nm.

Fig. 3. a) Absorption spectra of L (2.5uM) with varying Sn** concentration in THF— HEPES
buffer (90:10, viv, pH 7.4) b) Fluorescence spectra of L (2.5uM) with varying Sn®*
concentration in THF— HEPES buffer (90:10, v/v, pH 7.4)

Fig. 4. Job plot (stoichiometric ratio) of L with Sn®*

Fig. 5. Benesi-Hildebrand plot

Fig. 6. Plot for detection limit calculation

Fig. 7. Comparative changes in *H NMR of L when binds with Sn**

Fig. 8. a) Optimized geometry of L at B3LYP/3-21g level. b) Optimized geometry of L- Sn? complex at
B3LYP/3-21g level at gas phase.

Schemel: Synthesis of (2-(2-hydroxyphenyl)-1H-benzo[d]imidazol-5-yl)(phenyl) methanone (L)
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Fig. 1: a) Absorption spectra of L (5uM) in presence of various cations (10uM) b) Emission spectra of L
(5uM) in presence of various cations (10uM) in THF— HEPES buffer (90:10, v/v, pH 7.4)
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Fig. 2: Competition experiment of selectivity of L towards Sn?* in the presence of other cations. [L] =

5uM, [Sn*] =10 pM, and [X™] = 10 uM in THF— HEPES buffer (90:10, v/v, pH 7.4) at A, = 445
nm.
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Fig. 3. a) Absorption spectra of L (2.5uM) with varying Sn** concentration in THF— HEPES
buffer (90:10, viv, pH 7.4) b) Fluorescence spectra of L (2.5uM) with varying Sn
concentration in THF— HEPES buffer (90:10, v/v, pH 7.4)
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Fig. 4. Job plot (stoichiometric ratio) of L with Sn®*
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Fig. 5. Benesi-Hildebrand plot
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Fig. 6. Plot for detection limit calculation
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Fig. 7. Comparative changes in *H NMR of L when binds with Sn**
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Fig. 8. a) Optimized geometry of L at B3LYP/3-21g level. b) Optimized geometry of L- Sn?* complex at
B3LYP/3-21g level at gas phase.
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Schemel: Synthesis of (2-(2-hydroxyphenyl)-1H-benzo[d]imidazol-5-yl)(phenyl) methanone (L)
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Tables
Table 1 Comparative selectivity, binding constant, detection limits with reported ligands

Table 2 Bond lengths of selected bonds
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Table 1 Comparative selectivity, binding constant, detection limits with reported ligands

Sr. | Analyte (Ligand) Sensivity/ | Binding constant | Detection Limit Reference
No. Selectivity
1 ™ Sn?* 1.50 x 10*M™T | 0.3898 ppb This

o

2 NG 5.7 x 10° m* 0.0081 ppb 21
“k O
O O NH,
3 Sn°"and | 3.4x10° M™ 2.72 ppb 23
| APl
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Table 2 Bond lengths of selected bonds

c q C9=N10 C14-021 C3-023 021-H22 023-H24
ompoun
(A) (A) A) (A) (A)
L 1.29379 1.37598 1.374 0.99423 0.99343
L+Sn(ll) 1.3727 1.44143 1.3876 0.99606 0.99134
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Highlights
Simple novel benzophenone-based chemosensor has been synthesized for selective
sensing of Sn** ion.
Specific selectivity and superiority of our fluorophore over another recently and only

reported fluorophore for Sn** ion sensing (along interference of AI**

ion) is explained.
The specific Sn** recognition was investigated by spectroscopic techniques and DFT
study.

Stoichiometric ratio, binding constant and LOD for complex is found to be 1:1 and 1.50 x

10* and 0.3898 ppb respectively.
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