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Abstract

A novel and simple fluorophorg;dimethylaminobenzaldehyde thiosemicarbazone (DMABTS), was prepared in order to find available fluores:-
cent chemosensor for mercuric ion in aguesous solution. DMABTS emitted fluorescence at 448 nm in agueous solution and its fluorescence inte
was completely quenched upon interaction witifHgns, which should be attributed to the 1:1 complex formation between DMABTS affd Hg
The binding constant of the complex was determined as #®& mol I=1. The linear range of quantitative detection of 0 to 57%0-% mol |*
and the detection limit of 7.% 10~" mol I=* for Hg?* in the 6.3x 10~ molI~* DMABTS aqueous solution were obtained from a calibration curve.
The coexistence of several transition metal ions and anions did interfere the fluorometric titratioft adrHigy less than 4% in the emission
change.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction cability such as the lack of water solubility, requiring the use of
organic or agueous organic solvent mixtures, cross-sensitivities
Due to the toxicity and environmental impacts of ¥ig  toward other metal ions, difficult to synthesize. One major chal-
its sensitively and selectively monitoring became increasinglyenge involves creating Hg sensor functioned in water with
demanding1-5]. Many laboratory methods such as absorptiorhigh selectivity and sensitivity for Hg against a background
spectrometry, atomic fluorescence, mass spectrometry, poteof competing analytes. Therefore, novel easily-prepared and
tiometry or biochemical sensor have been establigbed1].  water-soluble fluorphores with high selectivity and sensitivity of
Fluorescence signaling has been the choice due to its intrinsithemosensing Hg became our targets. Here we designed and
high detection sensitivity and its ease to couple with long disprepared a molecul@;dimethylaminobenzaldehyde thiosemi-
tance digital transmission of signal. Considerable efforts havearbazone (DMABTS) shown iScheme 1, conceiving it give
been devoted to the design of new fluoroionophores féfldgd  highly selective fluorescent response towardHigp aqueous
many receptors signaling Kgin fluorescent quenching mode or solution.
enhancing mode have been repoffte?}-15]. However, many of The molecular architecture of this simple fluorescent
these molecules have some limitations in terms of actual applehemosensor was based on the thiosemicarbazone, which
was the widely used ionophore chelated with?Hg16-18]
and has been employed for constructing ionophore as sensor
* Corresponding authors. Tel.: +86 592 2185191; fax: +86 502 2183047. 1O Hg?" by ion-selective electrodgl9]. The use of the-
E-mail addresses: linlr@jingxian.xmu.edu.cn (L.-R. Lin), dimethylaminobenze moiety was in terms of the suitability and
rbhuang@xmu.edu.cn (R.-B. Huang). performance as a fluorophore. In this donor-acceptor ensem-
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Scheme 1. The structure of the designed molecule (DMABTS). Fig. 1. An ORTEP plot of the molecule with displacement ellipsoids drawn at

the 50% probability level. H atoms are drawn in the circles with arbitrary radium.

bly, the fluorescence of dimethylaminobenzene group acting as

donor would be sensitively affected when the acceptor recogni. Results and discussion

tion unit interacted with a metal iof20,21]. The experimental

results showed that DMABTS worked successfully as sensor for DMABTS was studied by X-Ray crystallographic first.
Hg?* in aqueous solution. The crystal structure analysis showed that the compound,
C10H14N4S, crystallizes in triclinic, space group_; with
a=8.3810 (13 , b = 9.3142 (15 , ¢ = 15.5105 (25Q,
a=73.259 (2), PB=79.626 (2), y=82543 (3),

o 3 _ _ _
All the reagents were used as received from Shanghai ChenY—_: 1136'6(3%6‘ ' Z‘A: M; ‘_222'31’ De ‘_1'299 glen,
icals Group Company. The inorganic salts were of the high“‘o'258 mnr=, F(000)=472,R=0.0541,wR=0.1431. The

est purity available and existed in their nitrates or sulfatesMolecule structure was shown Hig. 1. It should be pointed
ut that DMABTS is in a planar structure in the solid state.

Twice deionized water was further distilled in the presence of

2. Experimental

KMnOs. All non-hydrogen atoms locate at the Ieoast-squares plane with
DMABTS was prepared by a simple one-step reac_'tzh?eogclgan deviation from the plane0@8A . CCDC number:

tion of p-dimethylaminobenzaldehyde with thiosemibazide in ) ) )
acidic solution of ethanol and watét6]. A mixture of p- The spec_:troscoplc character of DMABTS' was investigated
dimethylaminobenzaldehyde with thiosemibazide in ethanofS Shown inTable 1. Although DMABTS is the electron
with 10% acetic acid solution was refluxed for 2 h, then C00|eodonor/acceptor para_l-gubsntuted benz0g, it o_nly emits sin-

to room temperature. The pale yellow precipitates were Colgle fluorescence arising from the locally excited state around

lected and washed with cold ethanol. The product was purified20 nMm in different soIventsh. The ﬂ_uoresce;}nce spectrum of
by recrystallization from ethanol and was identified by melt- PMABTS in pure water was characterized as the maximum exci-

ing point (213-214C), ESI-MS:m/z 223 (M+H', Ethanol), tation apd emission Wavelengt.hs found to be 353 and 448 nm,

14 NMR (DMSO-ds, TMS, 500 MHz):8 (ppm) 11.179 (HN, respectively. The large red_ shift of the absorption Wavelength

s), 7.999 (CH, s), 7.932 7.571 (GHa, 4H, m), 6.707 (NH, to around 355nm of substltuted_benzgne demo_nstrate_s that in

s), 2.957 (MeN, 6H, s) ,and elemental analysis, found: C, DMABTS molecule the benzene is conjugated with Schiff base

54.34% H, 6.35%: N, 25.03%. calcd.: C, 54.03%: H. 6.35%: N,and this can be proved by its planar structure found in the crystal

25.20%. (NMR data were acquired on a Varian Unity 500 MHZStructure determination. FroRig. 2it can be found that the flu-

NMR spectrometer. ESI-MS data were obtained on a BrukePrescence |ntenS|t_y did almost r_lot varleq with pH within the pH

ESQUIRE-3000plus LC-MS/MS spectrometer and elementai@nge of 4.6-10.01in water_s_olutlon. In 'FhIS pH range, we studied

analysis was obtained on a CE Instruments EA 1110.) fthe effect of several t.ransmon metal ions on the fluorescence
Crystals of the compound suitable for X-ray diffraction Mt€NSIty ofDMéBTS.m aqueous solution. _

were grown and collected. Reflection data were collected on a !N 0-01mol ™ acetic acid/sodium acetate bﬂfersolutlon, the

Bruker SMART APEX 2000 CCD diffractometer operating with [T€€ fluoroionophore DMABTS (6.3 10~ mol ™) showed an

graphite-monochromated Mo Kiadiation (3=0.71073) and  Intense fluorescence around 448_21[&@3?3 nmJ)r, Upon inter-

w—p scans mode in the range of 1.38<25°. The structure action with metal ions of C&, Ni**, C*, P?*, CLP* ions

was solved by direct method and refined by full-matrix least-

squares techniques agaif® using SHELX-97 packagi2].  Table 1

All non-hydrogen atoms were refined anisotropically and theSpectroscopic parameter of DMABTS

hydrogen atoms were placed in calculated positions and refineghyent g, 2, (m) @ Ja(m) e (mol-tlem1)

with a common isotropic thermal parameter.

. . Diox 36.0 408 0012 355 3810

Corrected fluorescence spectra were taken_ ona Hitachi _IJ—;)-HF 374 419 0012 356 2910"
4500 fluorescence spectrophotometer with excitation and emigecn 46.0 421 0014 356 45710
sion slits of 5.0/5.0 nm, and absorption spectra were scanned @ioH 51.9 414 0.032 355 5110
a Shimadzu UV224012PC absorption spectrophotometer. Alvater 63.1 448 0035 353 4:210"

experiments were conducted in aqueous solution at room tem- ;. "emission wavelength:,, absorption wavelengti®r, quantum yields,
perature of ca. 2€C. molar absorption coefficient.



Y. Yu et al. / Talanta 69 (2006) 103—-106 105

800

1 Hg '1/10° mol 1!
76 [Hg™ )/

0.0

A\ e

600 +

1.5
2.0
25
4.0
4.5
5.0
5.5
6.0

500

Relative fluorescence intensity

T T T T T T e
400 450 500 550
Wavelength, nm

Fig. 2. The fluorescence intensity of DMABTS in different pH solution. Fig. 4. Fluorescence spectra of DMABTS (&30-% moll~1)in 0.01 M acetic
acid/sodium acetate buffer solution (pH =5.0) upon the addition &f litmns
[Aex=353 nm].

(in nitrate and sulphate), the emissions of DMABTS centered at

448 nm remained nearly unchanged as showfign3(a). How- Fig. 4 illustrated the changes of fluorescence spectra of
ever, one-fold of H§" ions acted as the most effective quencherpMABTS upon the addition of H§ ions in acetic acid/sodium
and the quenching efficiency was found to be larger than 99%acetate buffer solution of pH 5.0. The fluorescence intensity
From Fig. 3(a) it could be seen that the fluorescence ofyas decreased with the increasing?goncentration, mean-
DMABTS was quenched by H§ substantially higher than while the spectral shape kept unchanged. A calibration curve
those of other metal ions of similar electronic structure. ThQNaS obtained from the p|0t of fluorescence intensity with
more experiments showed that DMABTS response t6'héas  the added H§" concentration. The curve equation as shown
almost unaffected by the background of 10-folds even to 100 Fig. 5 was F=6.23x 102—1.07x 108 Chg2+ R=-0.993,
folds of the transition metal ions except €uCw** ions of  y=11, S.D.=27.83. The linear range of quantitative detection
10-folds showed some quenching effect of 20% in pH 7.0 buffefor Hg?* was determined as 0 to 5.%710 6 mol -1 with a
solution. But, this quenching effect could be well improved todetection limits of 7.2 10~7 mol -1 for Hg?* from the curve
less than 4% by changing the acidity of solution to pH 5.0.in the used aqueous solution system.
In Fig. 3(b), it can be seen that anions such as,MNO3™ The fluorescence quenching of DMABTS by Hgwas
and SQ%~, H,PQ;~ had no influence on the fluorescence of attributed to the 1:1 complex formation between2Hgnd
DMABTS in the absence and presence ofHip aqueous solu- DMABTS. The stoichiometry of H§f—DMABTS complex
tion. was determined by the changes in the absorption response of
DMABTS in the presence of different concentrations of?Hg
at its maximum absorption wavelength.
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Fig. 3. (a) Fluorescence spectra of free DMABT g 353 nm) and DMABTS
in the presence of 20 equiv. of &g Ni?*, Ch*, P, CW¥* and 1
equiv. of HF* in 0.01moll! acetic acid/sodium acetate buffer solution.
[DMABTS]=6.3 x 10-®molI~2. (b) Fluorescence spectra of free DMABTS
and DMABTS in the presence of 100 equiv. of CNOz~, HoPOs—, SeXan

and 1 equiv. of H§" in 0.01 mol ! acetic acid/sodium acetate buffer solution. Fig. 5. Calibration curve was obtained from the plot of fluorescence intensity
[DMABTS]=6.3 x 10 ¢mol L. with the added Hg' concentration.
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040 = for the detection of H§' ions by fluorescence in buffer aqueous
s » solution, and could be used as a good alternative to the other
| L] o sensors for H§'".
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