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Abstract

A fluorescent and colorimetric sensor based on rhodamine 6g (RD6g) was designed, synthesized,
and characterized using microwave irradiation. The sensing behavior of this compound was
studied by UV-visible and fluorescence spectroscopy. Sensor RDé6g exhibits a high selectivity and
an excellent sensitivity and is a dual-responsive colorimetric and fluorescent Hg?*-specific sensor
in aqueous buffer solution. Mercury ions give rise to the development of a very fluorescent ring-
open amide spirolactum system. The detection limit for Hg?" was found to be 1.2 x 10 M. The
binding ration of RD6g-Hg?** complex was determined to be 1:1 according to the Job’s plot. The
reversibility of RD6g-Hg?*" complex has been achieved with CN" anions. The test strip based on

RD6g was developed, which could be used as a suitable and methodical Hg?" test kit.
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Introduction

Mercury, one of the most prevalent toxic metals in the environment, easily passes through
biological membranes such as skin, respiratory, and gastrointestinal tissues [1]. It plays a role in
the food cycle, just as it exists in certain fish [2]. Even at low concentrations, Hg>" can cause great
harm to human function. It can be deposited in various forms in the brain, liver, kidneys, digestive
system, and cause other inflammations even death [3-6]. Mercury was listed as one of the priority

pollutants according to the U.S. EPA [7]. Due to the severe toxicity to human neurological and
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environmental systems, helpful methods for the detection of Hg?" are urgently demanded. There
are a lot of traditional detection methods for Hg*", including gas chromatography [8], inductively
coupled plasma mass spectrometry (ICP-MS) [9], electrochemical method [10], and atomic
absorption spectrometry [11]. However, most of them require tedious sample preparation and
complex instrumentation, and which limits their practical applications. Fluorescence sensing of
Hg?* has received considerable attention due to the fast response, ‘naked-eye’ detection, low cost,
excellent sensitivity, selectivity, and other advantages.

Rhodamine-based compounds have been widely used as chemosensors due to their remarkable
spectroscopic properties including high absorption coefficients, high fluorescent quantum yields,
and excitation and emission with the visible wavelength region [12]. Under these fascinating
properties, various rhodamine based chemosensors have been widely used for the recognition of
the numerous analytes. Rhodamine derivatives are non-fluorescent and colorless, but ring-opening
of the corresponding spirolactam produces strong fluorescence emission and pink color [12-14].
This property provides an ideal model for constructing OFF-ON fluorescent sensors. The cation-
sensing mechanism of most of the rhodamine probes is based on a change from the spirolactam to
an open-ring amide, resulting in a color change, highly fluorescent compound [15-20]. Thus, most
of the sensors comprise of rhodamine core structure, especially for Hg?* metal ion-based sensors
are of chromogenic and fluorogenic types [16]. There have been many reports of Hg?" ion probes
in recent years [21-26]. However, since Hg?" ions are generally used as quenchers due to the spin-
orbit coupling effects, most of the probes have problems such as high detection limit [27], poor
water solubility [28], and toxicity of sulfur [29]. Therefore, designing dual-channel probes with
naked eye recognition and turn-on fluorescent signals in an aqueous solution has attracted more

attention.



Here, we report a new rhodamine-based receptor (RD6g), substituted with phenyl ring on both
sides are synthesized (Scheme 1) as a turn-on fluorescent sensor for Hg?* detection. The rhodamine
moiety is incorporated on both the side of the phenyl ring to enhance the chelation sites for Hg*"
and achieve a lower detection limit. The synthesized sensor RD6g demonstrates extremely
selective and sensitive fluorescent enhancement after the addition of the Hg?* because of the
chelation enhanced fluorescence phenomenon. In this paper, a suitable, very clean, and simple
microwave-assisted synthesis technique is presented to prepare a rhodamine-based sensor. The
coordination of the sensor RD6g with Hg?* ion was rigorously investigated by optical
spectroscopy, NMR, IR, high-resolution mass spectral analysis (HRMS), and time-dependent
density functional theory (TD-DFT) calculations.

Experimental

Materials and Instrumentation

All the reagents and solvents were acquired from Sigma-Aldrich including rhodamine 6g,
hydrazine, isophthalaldehyde, ethanol, acetonitrile, and used without further purification.
Microwave-assisted reactions were carried out in a CEM microwave reactor. All absorption and
fluorescence spectra were recorded using Agilent Cary 60 UV/Vis’s spectrometer and Cary
Eclipse fluorescence spectrophotometer respectively. 'H-NMR and 'C-NMR spectra were
recorded using Bruker 400 MHz spectrometer. For NMR spectra DMSO-d¢ was used as a solvent
using TMS as an internal standard. High-resolution mass spectrometry (HR-MS) was recorded
using Bruker 12T solaris FT-ICR-MS. The IR spectrum was obtained using the Shimadzu

IRAffinity FTIR spectrometer. All the measurements were achieved at room temperature.



Preparation of stock solution

The solutions of metal ions were prepared using nitrates [Co(NOs3)z, Zn(NOs3)z, Ni(NO3),
Pb(NO3)2, Cd(NO3)2, Hg(NO3)2, NaNOs3, KNOs] or chlorides [CuCl,, FeCls, FeCl,, CaCl,], and
anion species from their tetrabutylammonium salts. All the solutions were prepared in water. Stock
solutions of receptor RD6g (1x10~* M), selected salts of cations (1x107 M), and anions (1x10™ M)
were prepared in CH;CN/H>0. Mercury (II) complex solution ([RD6g-Hg?*]) were prepared by
addition of 1.0 equivalent of Hg?" to the solution of RD6g (20 pM) in Tris-HCI (10 mM, pH =7.0)
buffer containing acetonitrile/water (9:1 v/v) solution. A simple equation (DL=30/S) is used for
the determination of detection limit (DL) of RD6g for Hg?", where o is the standard deviation and
S is the slope. The association constant between mercury (II) and RD6g was estimated from
absorption titration data. This was calculated from the Hildebrand equation:

(1/4-Ao =1/K(Amax-Ao) [M *"]" + (Amax-Ao)) Where Ay is the absorbance of sensors RDég without

Hg**, A is the absorbance of RD6g with Hg?" and Amax is the absorbance with [Hg?']" max.

DFT studies

Time-density functional theory (TD-DFT) calculations were employed to elucidate the Hg*"
interactions with RD6g systems. All computations were carried out using Spartan’18 software
package. Geometry optimization of the ground state structures was carried out with TD-DFT at
the B3LYP level of theory using 6-31G (d, p) basis set in the gas phase and in both simulated

CH;CN and water media, using a conductor-like polarizable continuum model (CPCM).



Microwave-assisted synthesis of RD6g

Synthesis of 1: The starting material hydrazide has been prepared according to literature reports
[30]. Synthesis of RD6g: A mixture of intermediate 1 (100 mg, 0.219 mmol), isophthalaldehyde
(16mg, 0.219 mmol), and ethanol (2 mL) was placed and stirred in a 10 mL reaction vial, and it
was placed in the cavity of a CEM microwave reactor. The closed reaction vessel irradiated
according to the parameters described in Table S1. The mixture was allowed to cool to room
temperature. The solid was filtered, washed with cold ethanol, and air-dried (80% yield). '"H-NMR
(DMSO-dg), o (ppm): 8.37 (2H, s), 7.92 (2H, d), 7.59 (4H, m, H-Ar), 7.32 (4H, m, H-Ar), 7.03
(2H, d), 6.35 (4H, s), 6.15 (4H, s), 5.07 (4H, m), 3.16 (8H, q, NCH.CH3), 1.81 (12H, s, -CH3),
1.22 (12H, t, NCH>CH3). *C NMR ((DMSO-d), & (ppm): 165.25, 163.95, 151.63, 150.83, 147.36,
144.66, 136.52, 135.37, 134.95, 131.90, 130.77, 129.78, 128.14, 127.32, 126.67, 124.78, 123.72,
122.14, 118.31, 117.79, 104.98, 95.87, 65.27, 37.49, 17.04, 14.20. HRMS (MALDI): m/z Calcd

for CeoHssNgOa4: 955.15; Found: 955.47.

§ )
HN HN d
NH2NH2 O O ~0
EthanoiMw  © N Ethanol / MW
: 9i™
Et2 2
HN HN)
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Results and discussion

Microwave-assisted synthesis and design of RD6g

The target sensor RD6g was synthesized using a microwave-assisted organic synthesis method
which gave us a good yield (Scheme 1). The process was easy, fast, decreased reaction time, and
with no side reactions. The product is characterized and established by 'H-NMR, *C-NMR, HR-
MS analysis (Fig. S3-S5), and it was designed to chelate with metal ions via its carbonyl O and
imine N atoms. The sensor RDég consists of two units of rhodamine moieties and phenyl ring
using hydrazide as the linker and coordination sites for Hg?" ion.

Photophysical studies

The sensing ability of RD6g was investigated by Ultraviolet/Visible absorption spectroscopy. The
compound did not show any absorption band above 400 nm, which is typical for the most
prominent ring-closed spirolactone of rhodamine derivatives (Fig.S1). The changes in absorption
spectra of RD6g with the supplement of various metal ions examined in acetonitrile-water (9:1;
v/v) buffer system. The interaction studies performed with metal ions showed RD6g is very
selective and sensitive towards Hg?". The sensor displays a characteristic peak of ring opened
amide form of rhodamine at 530 nm with a shoulder at 490 nm (Fig. 1a). A new absorption band
produced at As3zo nm, and isosbestic points at 280 and 330 nm, demonstrating that a metal-complex
was formed. The new absorption band gradually increase and saturated at 2.2 equivalent of Hg*"
ions (Fig.1b). The change in color from colorless to pink demonstrated the opening of the
spirolactam ring upon coordination with Hg** ions. The color change noted after the addition of
all the metal ions tested was photographed and shown in Fig. 2. As shown in Fig. 3a, a Job’s plot
experiment was conducted. The maximum absorbance intensity at 530 nm was appeared with mole

fraction of Hg?" was close to 0.5, which indicated that 1:1 stoichiometry was the most possible



binding mode of Hg?* and RD6g. The association constant (K) between Hg?>" and RD6g was

found to be 2.4 x 10’ M in CH3CN/HO (9:1; v/v) buffer solution based on 1:1 stoichiometry.
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Fig. 1 (a) UV-vis absorption spectra of RD6g (10puM) with 20uM various cations (Na*, K", Mg?",
Ca?*, Ni**, Zn*', Co*", Hg*", Pb*", Cd**, Cu**, Fe*" and Fe*") in CH3;CN/H2O (9:1 v/v) buffer
system. (b) UV-Vis’s absorption spectra of RD6g (3uM) with Hg>* (0-310uM) in acetonitrile-

water (9:1 v/v) buffer solution.
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Fig. 2 Colorimetric changes of RDé6g (20uM) upon the addition of 10 equiv. of various metal ions
in CH3;CN/H>0 (9:1 v/v) at room temperature.

Rhodamine derivatives have been described to develop fluorescent sensors for the identification

of cations because of a ring-opening and structural change of a sensing compound. To evaluate the



optimal conditions for the detection of metal ions, it is necessary to investigate the pH effect on
fluorescence response of sensor RD6g. The sensor RD6g exhibits very strong fluorescence at the
low pH range (Fig. 3b). When pH>6.5, there are not obviously fluorescence intensity change,
which may be caused by closed structure. Thus, all the optical measurements were conducted in
acetonitrile-water (9:1, v/v, 10mM Tris-HCI buffer, pH of 7) to maintain the ring-closed
spirolactam form of the sensor. As expected, the free sensor RD6g exhibited very weak
fluorescence above 520 nm (Aex,510 nm) in the acetonitrile/water ((9:1); v/v) buffer system. The
selectivity of this proposed sensor RD6g was conducted in acetonitrile-water, and the tested
cations used were Na*, K¥, Mg?*, Ca**, Ni**, Cu**, Cd**, Zn?*, Co**, Hg*", Pb*', Fe**, Fe’" (Fig.
4). The study revealed that the interaction of Hg?" induced the fluorescent enhancement of RD6g
at 560 nm (Fig. 4a). The fluorescence intensity change attributed with the formation of ring-opened
spirolactam amide form of sensor RD6g upon binding with Hg>" ion. The visual color change from
colorless to light green examined under 365 nm light in darkness confirmed the formation of a
fluorescent ring open form of spirolacatum (Figure b, inset). The study also revealed the interaction
with copper (II) ion. Like some other similar reported rhodamine based Hg?*sensors [31-35], the
emission intensity of RD6g were also affected in the presence of paramagnetic copper (II) ion.
Copper (II) may get involved in the coordination with RD6g and form a ring-opened system. In
the fluorescence emission detection of Hg?" using sensor RD6g, it is very important to avoid a
high concentration of copper (II) ion interference using a quinoline-based derivatives [36]. Other
tested cations did not have an influence on the fluorescence emission spectrum of the sensor RDé6g.
The incremental addition of Hg?* to RD6g enhances fluorescence intensity at 560 nm and gets
saturated at 20 equivalents of Hg?" ion (Fig. 4b). The detection limit of RD6g for Hg*" was

estimated based on the fluorescence titration as 1.2x10°M.
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Fig. 3 (a) Job’s plot experiment of RD6g versus Hg?* ([RD6g] + [Hg?'] =20 uM) in acetonitrile-

water solution. (b) Effect of pH on fluorescence intensity of sensor RD6g (10uM).



The fluorescence lifetime measurement is used for investigating various properties of excited-state
dynamics and molecular interactions. The fluorescence lifetime of the sensor RD6g with Hg** and
Cu?* was explored to confirmed photophysical studies of the sensor (Fig. 5). For the sensor RD6g,
it was clear that the incorporation of the Hg?" impacted the lifetime of the corresponding
rhodamine derivative. The free sensor RD6g, [RD6g-Hg?'], and Cu**complex displayed second
exponential characteristics. The [RD6g-Hg?"] complex showed the longest lifetime followed by
the free RD6g and then RD6g with Cu®" (Table S2). It is obvious that the addition of metal ions
can affect the time a rhodamine derivative spends in the excited state before emitting a photon and
returning to the ground table. The fluorescence emission and colorimetric sensing method toward
Hg?" was compared with some other described fluorescence emission sensing methods of Hg**, as
listed in Table 1 (37-42).

Table 1: The comparison of RDé6g with other reported colorimetric and fluorescent sensors.

Sensing System LOD Real sample Ref.
material

Fluorescein Dichloromethane 2.02x10° M [34]
BODIPY CH3CN-HO (1:1v/v) 1.81x10"M  Test papers [35]
Pyrene HEPES-CH;CN (3:7v/v) 36 nM Test strips and silica gel pates  [36]
Naphthalimide DMSO-H,O (1:99v/v) 14.7 nM Water samples [37]
Sensor L2 H,O (P"7.4) 6.09x10°M  HeLa cells [38]
Tetraphenyl C,HsOH-H,0 (3:5) 45.4 nM Tap water [39]
Coumarin CH3CN-H;O (3:2v/v) 5x10°"M Filter paper [40]
Indole HEPES 1.08 uM HelLa cells [41]
Rhodamine B CH3;CN-HEPE 1:99v/v 0.14 uM [42]
Rhodamine6G CH3CN-H20 (9:1v/v) 1.2x10% M This work
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Fig. 4 (a) Fluorescence emission spectra of RD6g (20uM) with metal ions in CH3CN/H20O (9:1

v/v) buffer solution (excitation wavelength, 510 nm). (b) Fluorescence emission spectra of RDé6g

(20uM) with Hg?* (0-20pM) in CH3CN/H20 (9:1 v/v) solution.
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Fig. 5 Fluorescence lifetime measurements of RD6g and metal complexes

11



Coordination mechanism of RD6g with Hg**

The 1:1 stoichiometry between RD6g and Hg?* is confirmed by Job’s plot experiment. Likewise,
the coordination between RD6g and Hg?" ion is confirmed by the '"H-NMR titration experiment in
DMSO-ds. Fig.6 comprises two distinct spectra, in which the bottom was recorded only for RDé6g
while the top spectra comprise RD6g with 1.0 equivalents of Hg?". The sensor RD6g bears a
chemical shift at 5.06 ppm for the NH group, which completely disappeared in the addition of 1
equivalent of Hg?" ion ([RD6g-Hg?*]) complex. The disappearance of NH signal suggests that due
to coordination of Hg*'ion with RD6g forms delocalized xanthene tautomer of the rhodamine
moiety. The partial 'H-NMR spectrum of RD6g shows the signal at § 8.40 corresponds to N=CH
proton which gets slightly shifted (§ 0.02) down filled with the addition of 1 equivalent of Hg**
ion. The characteristic carbonyl stretching frequency at 1720 cm™in the IR spectra also slightly
shifted to 1718 cm™ and the intensity of the peak decreased upon coordination with Hg**(Fig. S6).
As a result of the above description, RD6g is most likely to coordinate with Hg?>* via oxygen on
the carbonyl group and nitrogen on the hydrazine group. The plausible binding mode of RD6g

toward Hg?" is shown in Scheme 2.

Scheme 2. Proposed reversible 1:1 binding mode of RD6g and Hg*".
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Fig. 6 Partial "H-NMR spectra of RD6g in the absence and presence of 1 equivalent of

Hg (NO3) salt in DMSO-ds.

Cyanide detection

Further, it was of great interest to investigate the reversible binding nature of the sensor RD6g.
Fig. 7a shows the addition of 20 M of anions to [RD6g-Hg>"] (1:1) complex of which CN"changes
the emission band at 560 nm. Other common anions (CI', I', F-, Cl104”, CH;COO", HSO4", PO4*,
SCN', and OH") did not generate the same results. It indicated that CN” can peel Hg*" from the
coordination region and sensor RD6g is reversible. The process was found to be resulting in a net
color change from pink to colorless, which was observed with the naked eye. The absorption
profile of RD6g with anions were very similar to the fluorescence emission spectra: again CN!
ion changes the absorption intensity while other anions showed no significant change (Figure S2).

Due to the stability of Hg(CN),, the [RD6g-Hg?*] complex could be used as a possible means to
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detect CN™ ion. The response mechanism between the sensor RD6g and Hg”" in the presence of

CN-  is shown in Scheme 2.
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Fig. 7 (a) Fluorescence spectra of [RD6g-Hg?*] complex in presence of anions (CI, I, CN, F,
ClO4, CH3COO", HSO4, POs*, SCN, and OH") (b) Fluorescence spectra of [RD6g-Hg?']

complex upon addition of CN™ (0-5 equiv) in Acetonitrile-water (9:1 v/v) solution.

Filter paper test strip application

To explore the practical application of fluorescent sensor RD6g, test strips were prepared followed
by the report procedure [43]. Sensor test strips were fabricated by immersing Whatman filter paper
into acetonitrile solution of RDé6g (1 mM) for one minute and the test strips were air-dried before
use. Then, these test strips holding RD6g were used to detect Hg?". As shown in Fig. 8, an obvious
color change, colorless to green, was observed under the 365 nm UV lamp which confirms the
presence of Hg?*. Other potential competitive metal ions did not produce any color changes on the
test strips. The significant quenching of fluorescence and disappearance of greenish color in the

RD6g+Hg? system due to regeneration of RD6g was observed in the presence of CN™ions. It
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suggests that the strong interaction of Hg?* and CN ions possibly facilitates the rapture of the
RD6g. Hg?* complex in support of a quenching phenomenon. The results demonstrate that the
obtained RD6g.Hg?" complex can be used as an efficient fluorescent sensor for recognition CN".
Therefore, this study indicated that filter paper test strips of RD6g could easily sense both Hg?*

and CN" colorimetrially and fluorometrically in solid state.

RD6g RD6g+Hg" RD6g+Hg” " +CN’

Fig. 8 (Color online) Photographs of colorimetric test strips with RDég for sensing Hg?* and CN-
simultaneously under irradiation at 365 nm.
Time-dependent density functional theory (TD-DFT) studies

Time-dependent density functional theory (TD-DFT) calculations were employed to
elucidate Hg™? interactions with the RD6g system. All computations were carried out using the
Spartan ‘18 software package. Employing the Spartan ‘18 (TDA) B3LYP functional and the 6-
31G(d,p) basis set, sensor RD6g and its respective [RD6g-Hg?*] complex was optimized in the gas
phase (vacuum), and in both simulated CH3CN and water media, using a conductor-like
polarizable continuum model (CPCM). Vertical electronic absorption and fluorescence emission

data of the said optimized structures were obtained and compared with empirical obtained UV-vis
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data. Wavelengths and oscillator strengths (f) for prominent vertical electronic excitations, as well
as emission data for both sensor and complex, are highlighted.

For sensor RD6g in the gas phase, the energy gap between the highest occupied molecular
orbital (HOMO = -5.06 eV) and the lowest unoccupied molecular orbital (LUMO = -1.04 eV) is
4.02 eV. Four computed, prominent vertical electronic transitions are highlighted for RDé6g with
wavelengths and f values as follow: 271.70 nm (f= 0.1515), 280.85 nm (f=0.1216), 296.98 nm
(f=0.1775) and 308.15 nm (f= 0.1170). Upon formation of gaseous [RD6g-Hg>"] complex from
RD6g and Hg*?, the frontier energy gap decreased from 4.02 eV to 1.26 eV, [RD6g-Hg>"], HOMO
=-8.99 eV, and LUMO = -7.73 eV). And the four computed, prominent electronic transitions for
[RD6g-Hg?*] complex in vacuum are at: 476.57 nm (f=0.0418), 526.52 nm (£=0.0198), 683.02 nm
(f=0.0220) and 1178.95 nm (f=0.1506). For sensor RD6g in CH3CN, the frontier energy gap is
much smaller than in vacuum, AE = 3.60 eV (RD6g in CH3CN, HOMO = -5.28 ¢V and LUMO =
-1.68 eV) as opposed to 4.02 eV. The four prominent transitions for RD6g in CH3CN are at 294.52
nm (f = 0.4369), 310.29 nm (f=0.1855), 318.20 nm (0.8064) and 334.48 nm (f=0.2809). On
forming [RD6g-Hg*"] complex from RD6g and Hg™ in CH3CN, AE (RD6g) changed from 3.60
eV to 2.47 eV (CH3CN), and the four prominent transitions for [RD6g-Hg*"] complex in CH3CN
are at 339.81 nm (f=0.2249), 405.75 nm (f=0.1105), 597.25 nm (f=0.0449) and 605.03 nm
(f=0.0318). For sensor RD6g in water, the frontier energy gap (AE) is =3.58 eV (HOMO = -5.28
eV and LUMO = -1.70 eV), which is slightly less than in CH3CN, AE = -3.60 eV. The four
prominent transitions for RD6g in water are at 285.36 nm (f = 0.1812), 288.89 nm ({=0.2487),
305.89 nm (0.1826) and 314.43 nm (£=0.7889). For [RD6g-Hg?*] in water, AE is slightly larger

(2.49 eV, HOMO = -5.44 ¢V and LUMO = -2.95 eV) than in CH3CN, AE= 2.47 ¢V. The four
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computed, prominent electronic transitions for [RD6g-Hg?'] in water is at 337.99 nm (£=0.1860),
402.94 nm (f=0.0954), 487.73 nm (f=0.0276) and 589.72 nm (f=0.0447).

In the gas phase, HOMO of RDé6g is found primarily centered on one of the xanthene
moieties (Fig. 9), whereas, in both acetonitrile and water (Fig.10 and Fig. 11), HOMO is found
throughout both xanthene moieties. In all three media, LUMO of RD6g is found about the
spirolactam moiety, including the two imine groups and the carbonyl oxygens but is absent about
the ethereal oxygens and part of the connecting phenyl group. However, in these same three media,
HOMO of [RD6g-Hg?"] complex appears to be delocalized over the same position in the two
xanthene moieties. And LUMO is found exclusively about the region connecting the two xanthene
moieties which include Hg*?, the two carbonyl oxygens, the two imine groups, and part of the
phenyl group.

In the gas phase, sensor RDé6g is described by three computed, prominent emission
wavelengths, one at 360.72 nm (f=0.2102), a second at 373.17 (f=0.2792) and a third at 380.51
nm (f=0.4213); [RD6g-Hg?"] complex in vacuum is also described by three prominent ones as
well: 1061.23 (f=0.0111), 1178.94 (=0.1503) and 1388.50 (f=0.0184). In CH3CN, sensor RDé6g
is described by three prominent emission wavelengths at: 392.06 nm (f=0.0031), 393.50 nm
(f=0.0841) and 410.03 (f=0070). For [RD6g-Hg?'] complex in CH3;CN, three computed,
prominent emission wavelengths are at: 491.57 nm (f=0.0317), 597.25 nm (f=0.0450) and 605.03
nm (f=0.0315). And for sensor RD6g in water, the three prominent emission transitions computed
are at: 406.79 nm (f=0.0153), 407.35 nm (f=0.0178) and 423.91 nm (f=0.0614), and for
[RD6g-Hg?*] complex in water, the three prominent emission transitions are at: 487.43 nm

(£=0.0274), 589.25 nm (f=0.0449) and 596.76 nm (=0.0204).
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Fig. 10 Optimized Structures and Frontier Molecular Orbitals of RD6g and [RD6g-Hg*"]

complex in simulated CH;CN medium.
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Fig. 11 Optimized Structures and Frontier Molecular Orbitals of RD6g and [RD6g-Hg?']
complex in simulated water medium.

Conclusion

In conclusion, a simple rhodamine-based colorimetric and fluorescent sensor RDé6g for the
detection of Hg?" ions have been synthesized using microwave irradiation. The sensor RD6g
displayed a highly sensitive fluorescence increment upon the addition of an Hg*" ion. Clear visible
color change from colorless to pink allows RD6g to use as a naked eye sensor. The stoichiometry
of the 1:1 complex was recognized for a mole fraction of 0.5. Moreover, the detection limit of the
sensor RD6g for Hg** was 1.2 x 10 M, which indicated that the sensor could be useful as a highly

selective and sensitive sensor for detecting Hg?*. Further, the reversible switch of complex
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[RD6g-Hg?*] was investigated and attained in the presence of a CN™! ion. The test strip based on

RD6g was developed, which could be used as a suitable and methodical Hg*" test kit. The design

of bis(rhodamine) based compounds can be further explored to obtain highly selective and

sensitive sensors.
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