Talanta 83 (2010) 644-650

journal homepage: www.elsevier.com/locate/talanta

Contents lists available at ScienceDirect

Talanta

A new colorimetric chemodosimeter for Hg?* based on charge-transfer
compound of N-methylpyrrole with TCNQ

Paramjit Kaur®*, Sandeep Kaur®P, Yoganjaneyulu Kasetti¢, Prasad. V. Bharatam ¢, Kamaljit Singh b-*

a Department of Chemistry, Guru Nanak Dev University, Amritsar, India

b Organic Synthesis Laboratory, Department of Applied Chemical Sciences and Technology, Guru Nanak Dev University, Amritsar, India
¢ Department of Medicinal Chemistry, National Institute of Pharmaceutical Education and Research (NIPER), S.A.S Nagar, India

ARTICLE INFO ABSTRACT

Article history:

Received 3 September 2010

Received in revised form 7 October 2010
Accepted 8 October 2010

Available online 15 October 2010

Reaction of N-methylpyrrole and 7,7,8,8-tetracyanoquinodimethane (TCNQ) furnishes an intense
blue unsymmetrical charge-transfer compound through regioselective attachment of tricyanoquin-
odimethane at the 2-position of N-methylpyrrole which was found to be selective chemodosimeter for
Hg?* ions in CH3CN:H, 0 mixture (1:1 v/v, pH=7.0,0.01 M HEPES, 0.15 M NaCl) as well as in the solid state

when supported on silica, over a variety of metal ions. A plausible mechanism for the sensing process
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has been proposed and supported through the characterization of the resulting Hg2* complex and the
density functional theory (DFT) studies.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Novel conjugated -electron chromophores containing a donor
and an acceptor have attracted considerable interest owing to
their interesting properties and uses in a variety of high-tech
applications such as near infrared (NIR) dyes [1] and non-linear
optical (NLO) devices [2] owing to the inherent push-pull elec-
tronic effects in these molecules. Additionally, depending upon
the strength of the covalently linked donor and acceptor compo-
nents, strong intramolecular charge-transfer (ICT) transitions are
facilitated, leading to intense colors of these compounds. The latter
property has led to the design of several chemosensors involving
charge-transfer [3] for the detection of a variety of ionic analytes
and has been the subject of current research interest in our lab
[4]. In the present investigation, we are reporting the synthesis of
a new charge-transfer compound 2, (Scheme 1), derived from N-
methylpyrrole and 7,7,8,8-tetracyanoquinodimethane (TCNQ), as
donor-acceptor combination. Considering the presence of soft elec-
tron rich centres in 2, conducive for binding with soft metal centres,
and the consequent perturbation of conjugation, we also report the
application of 2 as chemodosimeter for the colorimetric detection
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of Hg?* (Scheme 2). The mechanistic rationale, both for the for-
mation of 2 as well as the sensing process is also unambiguously
established.

The importance of selective detection of Hg2* lies in the fact
that Hg2* pollution poses severe problems for human health and
the environment [5]. Consequently, many methods have been
developed to detect Hg2* ion in the presence of its competi-
tive cations. The techniques based on atomic absorption/emission
spectroscopy and inductively coupled plasma mass spectrome-
try (ICPMS) for screening Hg2* are limited by the cost factor
in addition to the intricate sample preparations [6]. In con-
trast, simplified and straight forward methods for Hg2* detection
involving redox [7], chromogenic [8] and fluorogenic [9] changes
invariably employ crown ethers [10], calix[4]arenes [11], cyclams
[12], squaraines [13], thioureas [14], 1,3-dithiole-2-thione [15],
8-hydroxyquinolines [16], 1,4-disubstituted azines [7], fluores-
ceins [17], rhodamine lactam or thiolactam [18] etc. Inherent
water solubility of several biomolecules such as proteins [19],
oligonucleotides [20], DNAzymes [21] and antibodies [22] has
allowed their use for the detection of Hg2*. Colorimetric sens-
ing of metal ions has been considered as advantageous in
many respects and constitutes a dependable technique along-
side fluorescence [7], however, reports on the use of colorimetric
chemodosimeters which operate by a specific chemical reaction to
generate a detectable chemical signal, for Hg2* detection are scanty
[23,24].
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Scheme 1. Formation of blue charge-transfer compound 2 in the reaction of N-methylpyrrole and TCNQ. Inset: X-ray crystal structure of 3 (CCDC No. 760693).

2. Experimental
2.1. Chemicals

All reagents were purchased from Aldrich and were used with-
out further purification. DCM was dried over benzophenone ketyl
under inert atmosphere and distilled directly in the reaction flask.
DMF was dried over a pinch of calcium hydride and distilled under
reduced pressure over 4 A molecular sieves. Silica gel G (60-120
mesh) was used for column chromatography.

2.2. Instrumentation

UV-vis spectra were recorded on a SHIMADZU 1601 PC spec-
trophotometer, with a quartz cuvette (path length, 1cm) and
studies were performed in AR grade CH3CN and double distilled
water. The cell holder of the spectrophotometer was thermostat-
ted at 25°C for consistency in the recordings. 'H and 13C NMR
spectra were recorded on a JEOL-FT NMR AL 300 MHz and BRUKER
Avance Il 400 MHz spectrophotometer using CDCl3 and DMSO-
dg as solvent and tetramethylsilane (SiMey4) as internal standard.
Data are reported as follows: chemical shifts in ppm (&), multiplic-
ity (s=singlet, d =doublet, dd =doublet of doublet, m =multiplet),
integration, coupling constant J (Hz) and assignment. The mass
spectra were recorded with Esquire 3000-00037 mass spectrome-
ter and Ultraflex/TOF/TOF mass spectrometer. Elemental analyses
were performed with a Thermo Flash EA 1112 analyser and were
within + 0.4% of the theoretical values. IR spectrum was recorded
on FT IR-SHIMADZU 8400 and Varian 660-IR Fourier-Transform
spectrophotometers, in range 400-4000 cm™!. Titration isotherms
generated from UV-vis changes were fit in HypSpec [25] software
to establish the stoichiometry of the complex and to determine
the binding constant. The X-ray structure (CCDC No. 760693) was
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Scheme 2. Sensing of Hg* with 2.

solved by direct methods using SIR97 [26] and refined by full matrix
least-square refinement techniques on F2 using SHELXTL [27].

2.3. Computational Details

Ab initio DFT (density functional theory) studies [28] were
carried out using Gaussion 03 software [29]. Initial optimiza-
tion studies were carried out using semi-empirical PM3 method
[30]. Resultant structures were subjected for optimization using
B3LYP/LanL2DZ method. Partial atomic charges on the optimized
structures were estimated using the NBO (natural bond orbital)
method [31]. Electron density analysis has been carried out using
the atoms in molecules (AIM) method [32] using the AIM2000 soft-
ware [33].

2.4. Synthesis and characterization of compounds 1, 2 and 3

2.4.1. Synthesis of 1

To freshly distilled N-methylpyrrole (0.5g, 6 mmol) in anhy-
drous DMF (5.0mL) a dilute solution of TCNQ (1.2g, 6 mmol)
dissolved in anhydrous DMF (150 mL) was added dropwise and
the reaction mixture was stirred for 4h at room temperature.
After completion of the reaction, DMF was removed under reduced
pressure on a rotary evaporator. The residue was washed with sat-
urated aqueous sodium chloride solution and extracted with ethyl
acetate (2 x 100mL). The combined extract was dried over anhy-
drous sodium sulfate and the residue was chromatographed using
hexane and its mixtures with ethyl acetate as eluent to obtain 1,
which was dissolved in anhydrous DCM (50 mL) and treated with
charcoal (2 g). After filtration, the solvent was evaporated and the
residue was recrystallized from DCM/hexane mixture to obtain 1in
the pure form (1.23 g, 70%). Mp: 90 °C; (Found: C, 71.20; H, 4.05; N,
24.15Cy7H11N5 requires C, 71.57; H, 3.89; N, 24.55%); Vmax/cm™!
2060 (CN); 8y (400 MHz; CDCl3; Me4Si) 3.47 (3H, s, NMe), 5.10
(1H, s, CH), 6.06-6.13 (2H, m, 2 x CH), 6.68-6.69 (1H, m, CH), 7.62
(4H, s, ArH); é¢ (300 MHz; CDCl3; Me4Si) 27.6, 35.1, 45.2, 108.0,
110.9,112.9,113.0,119.5,127.7,128.5,128.7,134.4; m/z (EI): 283.6
(M*-1), 256.6 (M*—HCN-1).

2.4.2. Conversion of1to2

To isolate the blue charge-transfer compound 2, 1 (1.0g,
3.5mmol) was dissolved in anhydrous CH3CN (50mL) or DMF
(10mL) and kept in direct sunlight or UV-light for 6 h. Solvent
was removed under reduced pressure and the residue chro-
matographed to isolate 2 (0.36 g, 40%) alongwith 3 (an oxidatively
coupled product) [34] (0.25 g, 27%).
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2.4.3. Compound 2

Mp: 215°C; (Found: C, 71.57; H, 3.65; N, 24.30C;gH1oN4
requires C, 71.82; H, 3.55; N, 24.63%); vmax/cm~! 2356 (CN); &y
(400 MHz; CDCl3; MeySi): 3.89 (3H, s, NMe), 6.37-6.38 (1H, m,
CH), 6.60-6.62 (1H, m, CH), 7.06 (1H, d, J 1.6, CH), 7.29, 7.36
(1H, dd, J 1.8 and 1.8, CH), 7.31, 7.38 (1H, dd, J 1.8 and 1.9, CH),
7.56, 7.66 (1H, dd, J 1.9 and 1.9, CH), 7.58, 7.68 (1H, dd, J 1.9
and 1.9, CH); 8¢ (400 MHz; CDCls: Me,Si) 36.2, 77.2, 111.8, 111.9,
113.6,113.7,116.1, 122.6, 126.7, 126.9, 127.6, 133.1, 133.4, 134.0,
137.2, 153.0. DEPT—135 (400 MHz; CDCl3;: Me,Si) ( 36.2, 77.2,
111.9,122.6,126.7, 126.9, 129.7, 133.1, 133.4, 134.0; m/z (EI): 257
(M*-1).

2.4.4. Compound 3
Mp: 220°C; (Found: C, 74.11; H, 3.92; N, 21.35C34HgNqo

requires C, 74.40; H, 3.87; N, 21.70%); Vmax/cm~! 2330 (CN);
dy(400MHz; DMSO; Me4Si): 3.62 (6H, s, NMe), 6.15-6.18 (4H,
m, 4 x CH), 6.83-6.84 (2H, m, 2 x CH), 7.78-7.88 (8H, m, ArH); 4
(300 MHz; DMSO; Me4Si)34.7,52.7,54.9,107.7,108.7,110.4,112.3,
113.0,118.9, 126.4, 128.1, 128.6, 130.1, 135.2; m/z (EI): 566.8 (M*-
1),489.9 (M*-1-N-methylpyrrole), 410.6 (489.9-N-methylpyrrole),
283.6 (M*-285).

2.4.5. Alternative synthesis of 3 involving oxidative coupling
A solution of 1 (0.03g, 0.1 mmol), Cuy(OAc)4.2H,0 (0.021g,

0.1 mmol) and DDQ (0.024 g, 0.1 mmol) in DCM (20 mL) was stirred
at room temperature. The reaction completed (TLC) in 10 min. Sol-
vent was removed and the residue was column chromatographed
to isolate 3 (0.030g, 50.8%).

5.

Fig. 1. "H NMR (CDCl3) spectra of 1 and 2.

5 3.

2.5. Isolation and characterization of complex 4

To isolate the complex 4, a solution of Hg(ClO4),-xH,0 (0.077 g,
0.194 mmol) in distilled H,O (5 mL) was added to a stirred solution
of 2 (0.05g, 0.194 mmol) in CH3CN (5mL). The reaction mixture
was stirred at room temperature for 4 h. The resulting compound
was filtered, washed with DCM/CH3OH and dried to obtain complex
4 (0.068 g, 53.5%): Mp:>260°C; (Found C, 28.87; H, 1.50; N, 7.98,
C16H19N405Cly Hg requires C, 29.22; H, 1.50; N, 8.52%); vmax/cm™!
2171 (CN str), 2118 (CN str), 1112, 1084 (ClO4 coordinated), 627
(ClO4 uncoordinated), 553 (Hg-C) [35] m/z (EI): 679.94 (M* +23).

(For copies of the NMR, IR, EI Mass, Fig. S1 in Supporting Infor-
mation).

3. Results and discussion
3.1. Reaction of N-methylpyrrole with TCNQ

In order to investigate the mode of formation of charge-transfer
compounds arising from the reaction of electron-rich heterocyclic
species with TCNQ, we have carried out this study and reveal that
the reaction of N-methylpyrrole with TCNQ proceeds exclusively
at 2-position and forms an intense blue unsymmetrical charge-
transfer covalent compound 2, besides an oxidatively coupled
product 3 (Scheme 1). Further confirmation of oxidative coupling
mechanism involved in the conversion of 1 to 3 was achieved from
the reaction of 1 with Cuy(OAc)4-2H,0 in the presence of DDQ [36].
Structure of 3 was solved by X-ray Crystallography (Scheme 1).

TH NMR (CDCls) spectrum of 2 showed interesting features as
the 3H singlet corresponding to N-Me signal shifted considerably
downfield in comparison to 1, to appear at 6 3.89 (Fig. 1) suggesting
a strong intramolecular charge-transfer in the compound also indi-
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Table 1
Solvatochromic data of the ICT band of 2 in selected solvents with solvatochromic
parameter (77°)[37].

Solvent! T Compound 2
Amax (nmM) Vmax (cmil)

Tetrahydrofuran 0.58 552 18,115
Benzene 0.59 552 18,115
Acetone 0.71 554 18,050
Acetonitrile 0.75 559 17,889
Dichloromethane 0.82 564 17,730
Dimethylformamide 0.88 712 14,044
Dimethylsulfoxide 1.00 577 17,331

 Solvent used as received.

cated by the intense blue color. Thus 1 under the influence of light
may lose a molecule of HCN to form tricyanoquinonoid derivative
2 as suggested in Scheme 1.

The UV-vis spectrum of 1 in acetonitrile showed an absorp-
tion band at 328 nm, while in the spectrum of 2, an additional
intense absorption at 559 nm was also observed. These bands are
attributable to transitions (sr7r") to locally excited (LE) state and
charge-transfer state (n7"), respectively, owing to intramolecular
charge-transfer from the pyrrole moiety to the tricyanoquinonoid
moiety of 2, as represented by the polar structure B (Scheme 1).
A fair degree of solvatochromism (Table 1) was also observed as a
consequence of change of solvent polarity attesting the stabiliza-
tion of the polar excited state in polar solvents. In view of the fact
that systems exhibiting strong ICT can undergo modulation of their
ICT on binding with analytes, we explored the sensitivity of 2 with
different metal ions. During our preliminary investigations, 2 was
found to bind Hg2* over other metal ions. Therefore, we performed
the titration of 2 with Hg?* and analyzed quantitatively.

3.2. UV-vis studies

The binding ability of 2 with HgZ* was monitored by UV-vis
experiments as the NMR technique was not found to be useful in
view of considerable broadening of peaks during recording of NMR
spectrum of 2 in the presence of Hg2*. Change in the position as
well as intensity of the ICT band allowed evaluation of the bind-
ing ability of the receptor 2 towards different cations. 2 was found
to bind Hg?*, selectively over a number of competitive cations,
in CH3CN:H,0 (1:1, v/v) mixture. A solution of 2 (2 x 10~> M) in
buffered (pH 7.0, 0.01 M HEPES, 0.15 M NaCl) CH3CN:H,0 (1:1, v/v)
mixture was found to give a stable blue solution [38] showing
absorption bands at 316 (¢max 13,7351mol-!cm~!) and 572 nm

2,Li*,Na", Mg*, ca®, Ba®,
C02+, Ni2+' Zn“, Ag+= Cd2+,
cu®, cu’, Fe*, Fe*, Mn%,
&7 Pb?, AP

Absorbance
=]
-

04 . : : . = :
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Fig. 2. Changes in the absorption spectrum of 2 [2 x 10~> M in CH3CN:H,0 (1:1, v/v,
pH 7.0, 0.01 M HEPES, 0.15 M NacCl)] after the addition of aqueous solution of Hg?*

and other metalions (1.21 x 10~3 M) recorded immediately after mixing. Inset: Color
change after the addition of Hg?*.

7.14x10° M
0.6
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Absorbance

250 450 650 850
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Fig. 3. Changes in the absorption spectrum of 2 [2 x 10-> M in CH3CN:H>0 (1:1, v/,
pH 7.0, 0.01 M HEPES, 0.15M NaCl)] upon titration with aqueous solution of Hg?*
(7.14 x 1076 to 1.43 x 10-3 M).

(émax 30,7351mol~! cm~1) (slightly shifted from 328 and 559 nm
when recorded in pure acetonitrile owing to solvatochromism)
and thus allowed the use of 2 for detection of analytes in mixed
CH3CN:H,0 (1:1, v/v) mixture. The titration experiments were car-
ried out by adding aliquots of different metal ions: Li*, Na*, Mg2*,
Ca?*, Ba%*, Mn?2*, Fe3*, FeZ*, Co2*, Ni%*, Ag*, Hg2*, Pb2* as perchlo-
rate salts, Cu2*, Zn%*, Cd?* as nitrate salts, AI3* as chloride salt and
Cu* as iodide salt (Fig. 2) to the above solution of 2. It was noted
that upon addition of HgZ* ions (0-60.0 equiv or even higher) to
the solution of 2, not only the absorption band at 572 nm disap-
pears, the band at 316 nm gets red shifted (AN =34 nm) to appear
as a new band at 350 nm (gmax 12,7951 mol~'cm~1). The process
completes with concomitant color change of the solution from
blue to almost colorless (Inset, Fig. 2) which is clearly visible to
the naked eye. The other metal ions did not modulate the absorp-
tion spectrum of 2. The color variation and selectivity of 2 over
other cations are recorded in the Supporting Information (Figs. S2
and S3). The formation of new band at 350 nm, accompanied by
quenching of internal charge-transfer process could be attributed
to the interaction of 2 with Hg(ClO4), during the recognition pro-
cess.

Gradual change recorded in the absorption spectrum upon addi-
tion of different concentrations of Hg2* to a solution of 2 during the
titration is shown in Fig. 3. The change continued till 1.21 x 10-3
M concentration of HgZ* was achieved beyond which no signifi-
cant change was observed indicating the completion of the sensing
process. The titration curve depicted two well defined isosbestic
points at 328 and 398 nm conforming to a neat conversion of 2 into
its adduct with Hg2*. In Job’s plot (Fig. 4), a maximum absorbance
change was observed when the mole fraction of 2 versus Hg* was
0.5, which indicated the formation of 1:1 (2:Hg2*) complex. Titra-

0.094

2 _
0.07 R? = 0.9893

0.054

0.03

(A0-A) 572 nm) X X

0.014

'Ool T T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09 1

X = [2J4[2]+[Hg* T}

Fig. 4. Job's plot of a complex of 2 with Hg?*.
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Fig. 5. Changes in the absorption spectrum of 2 [2 x 10~5 M in CH3CN:H,0 (1:1, v/v,
pH=7.0,0.01 M HEPES, 0.15M NaCl)] upon titration with aqueous solution of Hg?*
(1.21 x 1073 M) in the presence of other metal ions (2.4 x 10-3 M).

tion data of 2 with Hg2* was fitted using HypSpec [25] - a non-linear
least-squares fitting programme. It allowed the establishment of
the stoichiometry (1:1) of the most stable species (2: Hg2") present
in the solution with the binding constant (log 8) = 3.945(2). Spectra
were collected between 251 and 900 nm at 1 nm intervals. Analy-
sis of data with Hypspec further allowed calculation of the molar
absorptivity of 2: [emax (572 nm, 316 nm) 35,000(400) Imol~! cm~!
and 13260(370)1mol~! cm~1]and for the 2:Hg?* complex the value
is 14,033(110)Imol~! cm~! (at 350 nm). These values represent a
good correlation: 22 points, 650 wavelengths were fitted.

Resulted shift in the absorption band and change in color (blue
to colorless) did not reverse upon the addition of concentrated
solution of EDTA, demonstrating the irreversibility of the sensing
process unlike many chemosensors [39] and thus the detection of
Hg?* by 2 could be visualized to proceed through an irreversible
chemical reaction, rendering 2 as a unique HgZ*-responsive charge-
transfer chemodosimeter.

In order to check the selectivity of 2 in Hg2* sensing and to rule
out the possibility of interference from competitive cations, Hg2*
titration experiment of 2 was repeated in the presence of other
cations: Zn2*, Cd2*, Fe3* and Cu*. Thus as shown in Fig. 5, during
titration of 2 with Hg2* in the presence of these ions, no signifi-
cant variation in absorbance (at both wavelengths) was found by
comparison with or without the competing metal ions. Therefore
2 could be envisioned to be capable of detecting Hg?* in the com-
petitive environment of the same group metal ions. The detection
limit of 2 as a colorimetric sensor for the analysis of Hg2* ions was
found to be 10 ppm which is adequate for many types of chemical
assays [40].

To explain the mode of binding of Hg?* with 2, we envisaged
the formation of covalently linked species 4 through electrophilic
substitution reaction of Hg2* (Scheme 2) [24a].

The formation of 4 would also support the attendant “naked-
eye” color change (blue to colorless) as a consequence of the
quenching of intramolecular charge-transfer of 2. Additional sup-
port to this hypothesis accrues from the fact that owing to the
covalent attachment, 4 may not release Hg2* to sequesterants such
as EDTA, thus supporting the observed irreversibility in the recogni-
tion phenomenon. However, much like demercuration processes,
the blue color of the 2 could be restored (matching UV-vis spec-
trum with original 2) when the colorless solution obtained at the
end of the sensing experiment was treated with NaBHy [41]. Fur-
ther, in order to support the proposed sensing process, the complex
4 was isolated and fully characterized by IR, mass spectroscopic
techniques (Fig. S1 in Supporting Information) as well as microan-
alytical data. However, owing to poor solubility of 4, NMR (1H and
13C) spectra could not be recorded.

0 29 ol 1458 A
v Y
s &
J~4‘ ‘5‘3) 1.508 A
’5‘1 1.405A
e? 9
(a) (b)

Fig. 6. 3D structures of 2 (a) and 4 (b) obtained using B3LYP/LanL2DZ optimization.

3.3. Density functional theory (DFT) studies

Quantum chemical calculations were carried out on molecules
2 and 4 so as to obtain their geometrical details, to understand the
charge-transfer phenomenon and to analyze the electronic char-
acteristics of these systems. Fig. 6 shows the 3D structures of 2
and 4 along with a few geometrical parameters obtained using
B3LYP/LanL2DZ calculations.

In 2, the C1-C2 bond length is 1.405 A, which represents a par-
tial double bond character. Similarly the C7-C8 bond is also a
partial double bond with a bond length 1.410A. The C8-C9 bond
length is also corresponding to a partial C-C double bond. Even
the ring C-C bond lengths represent partial double bond charac-
ter, indicating that the geometrical parameters of 2 represent a
true resonance hybrid of structures 2A and 2B. Upon complexa-
tion with Hg(ClO4),, the C1-C2 and the C7-C8 bond lengths get
elongated and the C8-C9 bond length get shortened in 4. Also, the
ring C-C bonds get aromatic C-C character. All these facts indi-
cate that there is a clear shift of the structure towards 2B upon
reaction with Hg2*. The Hg-C1 distance in 4 is 2.358 A, clearly indi-
cating that in 4, the Hg—C1 interaction is of covalent nature [42,43].
Estimated NBO charge on the N-methylpyrrole unit in the neutral
molecule is —0.207 (Table 2). In 2, the charge on the same unit
is strongly positive 0.226 showing a shift of 0.433 units of elec-
tronic density from the N-methylpyrrole ring to the rest of the
molecule. In the mercury complex 4, the charge-transfer from the
N-methylpyrrole ring to the rest of the molecule is 0.847. Besides
this, the partial atomic charge on the nitrogen atom of the simple
N-methylpyrrole ring —0.421 which is slightly reduced to —0.405 in
2 and further reduced to —0.384 in 4. NBO charge analysis and their
results indicated that N-methylpyrrole ring system of 2 is gaining
overall positive charge when compared to simple N-methylpyrrole
ring and the positive charge is further increased after complexa-
tion with mercury which is attached with one perchlorate (in 4).
In molecule 2, the electron density (p) across C1-C2 bond is 0.286
and the ellipticity (¢) value is 0.2, indicating a weak double bond
across these two atoms (AIM analysis). In molecule 4, the electron
density across C1-C2 is slightly reduced but ellipticity (¢) is dras-
tically reduced indicating the formation of a regular single bond

Table 2
Partial atomic charges on Nitrogen and N-methylpyrrole rings obtained using Nat-
ural Bond Orbital (NBO) method.

NBO charges N-methylpyrrole 2 4
Charge on Nitrogen —0.421 —0.405 —0.384
Overall charge on -0.207 0.226 0.640

N-methylpyrrole ring
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Table 3
Electron density analysis in 2 and 4 in comparison to that of dimethylmercury and methylmercury perchlorate.
Parameter 2 4 Me,Hg MeHgClO4
C1-C2 C1-C2 Hg-C1 Hg-C Hg-C
Bond length (A) 1.405 1.508 2.358 2.241 2.215
P 0.286 0.237 0.067 0.084 0.084
720 —0.748 —0.504 0.108 -0.128 0.120
e 0.2 0.077 0.016 0.93E-5 0.014

p=Electron Density, v2p = Laplacian of p (The Laplacian of the electron density p determines where electron density is locally concentrated, v2p (r) <0, and locally depleted,
v2p (r)>0), e =Ellipticity (Ellipticity of the bond provides a measure of the extent to which charge is referentially accumulated in a given plane. Increased ellipticity may

reflect an increase in structural instability or in the ;v character of a certain bond).

across these two atoms. A bond critical point was observed between
Hg-C1 in4indicating the presence of a regular bond between these
two atoms. The p, vZp and ¢ values across the Hg-C1 bond in
4 are 0.067, 0.108 and 0.016, respectively which are quite com-
parable to those of methylmecury perchlorate (0.084, 0.120 and
0.014, respectively) and dimethylmercury (0.084, 0.128 and 0.93E-
5). This comparative analysis indicates that the Hg-C1 bond in 4
should be considered as aregular covalent bond between Hg and C1.
Moreover, the estimated Hg-C1 bond length in 4 (2.358 A) is only
0.143 Alonger than that of methylmecury perchlorate (2.215 A)and
0.117 Alonger than that of dimethylmercury. All these factors sup-
port the regular single bond character across Hg—C1 in 4 (Table 3)
(Fig. S6 in Supporting Information).

4. Practical application

The sensing of Hg?* by 2 worked also when it was sup-
ported on silica. Thus, a solution of 2 in CH3CN (2mL, 2 x 107> M,
4 x 10~8 mol) was added to silica (60-120 mesh, 0.1g, colorless),
stirred for 1 min and the solvent was removed to get purple silica
(Fig. 7) which was treated with a solution of Hg2* (2 mL, 1.21 x 103
M, 2.42 x 10-mol) in double distilled water. An instant color
change from purple to colorless was noticed. Solvent was removed
under reduced pressure and silica dried in oven to obtain colorless
silica. Since the color change was rapid and clearly detected, the
sensor 2 can be used for practical applications [24b].

5. Conclusion

In summary, we have explored the reaction of TCNQ with
N-methylpyrrole and established the formation of a new charge-
transfer compound. The strong intramolecular charge-transfer
allowed it to be used as an efficient, highly selective and reasonably
sensitive colorimetric chemodosimeter for the detection of Hg2*
from mixed CH3CN:H,0 (1:1, v/v) mixture as well as in the solid
state when supported on silica.

Fig. 7. Observed color changes in solid state: untreated silica (a), 2 supported on
silica (b) and 2 after treatment with HgZ* (c).
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