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bstract

A novel ditopic chromogenic receptor, N-5-(8-hydroxy)quinoline-N′-4′-nitro-phenyl thiourea (1), was synthesized. The metal complex 1-Hg2+

howed sensitive and highly selective responses to F− over other anions such as CH CO −, H PO −, HSO − and Cl−. 1-Hg2+–F− complex formed,
3 2 2 4 4

hich promoted the intramolecular charge transfer and led to a dramatic spectral change. The color of 1-Hg2+ solution changed from colorless
o red upon addition of F−. Thus, a colorimetric assay of F− was developed in acetonitrile by naked-eye detection. F− behaved linearly in the
.0 × 10−6 to 2.0 × 10−5 mol L−1 concentration range with LOD as 1.4 × 10−6 mol L−1.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Because anions play important roles in many biological and
hemical processes, there is an increasing interest in the design
nd development of receptors for sensing and recognizing anions
electively [1–7]. Chromogenic receptors that undergo a vivid
olor change upon complexation are an important class of opti-
al devices for naked-eye detection [8–10]. Most of them only
espond to anions [11–14] or cations separately [15–17]. An
xpanded area of anion recognition was the simultaneous bind-
ng of cationic and anionic guests as an ion pair [18–30]. The
inding moieties of the ditopic receptors for cations usually are
yclic compounds such as crown ether [19,23,25] porphyrin [24]
nd calyx[4]arene [27] or calix[4]pyrrole, [30] while the binding
oieties for anions include pyrrol, amide and guanidyl [5]. Here,
e report a new and simple structured chromoionophore, N-5-

8-hydroxy-quinoline]-N′-4′-nitro phenyl thiourea (1) (shown
n Scheme 1). Hg2+ bound to the thiourea moiety while the
nion bound to the 8-hydroxy-quinoline moiety via hydrogen
ond. The binding of 1-Hg2+ with trace amount of F− triggered

ntense color change from colorless to red as the result of the
ntramolecular charge transfer.

∗ Corresponding author. Tel.: +86 791 3969882.
E-mail address: fywu@ncu.edu.cn (F.-Y. Wu).
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. Experimental

Absorption spectra were recorded on Shimadzu-2501
V–vis spectrophotometer (Japan) using 1 cm quartz cell. 1H
MR spectra were carried out in DMSO-d6 on a Bruker
vance 400 MHz NMR spectrometer using TMS as the

nternal standard. ESI mass spectra were recorded using a
aters ZQ4000/2695 LC–MS spectrometer. Infrared spec-

ra were obtained as KBr pellets on a Nicolet 5700 FTIR
pectrometer.

Receptor 1 was easily obtained by one-step reaction of
-amino-8-hydroxyquinoline dihydrochloride (Sigma–Aldrich
orp.) with p-nitrobenzyl-isothiocyanate (Sigma–Aldrich
orp.) in ethanol (Shanghai Chemical Corp.) and purified
y repeated washing with ethanol. Control compound 2
as prepared in the similar way [31]. The compounds were

haracterized by IR, 1H NMR and ESI mass data, which were
onsistent with the proposed formulation. 1: 1H NMR (DMSO-
6): δ(ppm) 7.42 (d, J = 8.88 Hz, 1H, QH), 7.54–7.58 (m, 1H,
H), 7.98–8.02 (t, 3H, QH, ArH), 8.22 (d, J = 9.00Hz, 2H, QH),
.34 (d, J = 7.56Hz, 1H, QH), 8.87 (d, J = 3.00 Hz, 2H, ArH),
.92 (s, NH), 10.59 (s, NH), 11.62 (s, OH); SI mass: m/e calcd.

or C16H12N4O3S [M+H+] 341.06, found [M+H+] 341.00; 2:
H NMR(DMSO-d6): δ(ppm) 7.56–7.62 (m, 4H), 7.90–8.01
m, 5H), 8.22 (d, J = 9.00 Hz, 2H), 10.30 (s, NH), 10.41 (s, NH);
SI mass: m/e calcd. for C17H13N3O2S [M+H+] 324.07, found

mailto:fywu@ncu.edu.cn
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Scheme 1. Struct

M+H+] 324.00. Control compound 3 was purchased from
hanghai Chemical Corp. The tetrabutylammonium salts of

he tested anions and the perchlorate of the tested cations were
igma–Aldrich Corp. products. Acetonitrile (Merck. Corp.)
as HPLC grade and was not purified before use.

. Results and discussion

Metal complexes between 1 and different metal ions were
nvestigated by absorption spectroscopy. The presence of Al3+,
o2+, Ni2+, Zn2+ and Pb2+ could not lead to distinct spectral
hanges. But upon addition of Cu2+ or Hg2+ the spectrum of 1
nderwent obvious changes which implied that 1 was a good
igand for Cu2+ and Hg2+(seen in Fig. S1). Furthermore 1-Hg2+

omplex can selectively sensed fluoride ion.
Fig. 1 showed the spectral changes of 1-Hg2+ upon addition of

arious anions. Upon addition of 10 equiv. of anions such as F−,
H3CO2

− or H2PO4
−, the spectrum of 1-Hg2+ only underwent

−
ramatic change for F . A new absorption peak at long wave-
ength of 490 nm appeared and the solution turned from colorless
o red. However, the addition of CH3CO2

− or H2PO4
− merely

roduced slight spectral change and no obvious color change was

ig. 1. Absorption of 1-Hg2+ (8.0 × 10−6 mol L−1) complex in the presence and
bsence of the anion in acetonitrile. The concentrations were 8.0 × 10−5 mol L−1

or F−, CH3CO2
− and H2PO4

−, respectively. The concentrations of other anions
ere 1.6 × 10−4 mol L−1, respectively.
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f receptors 1–3.

bserved (seen in Fig. S2). The presence of 20 equiv. of other
nions such as HSO4

−, Cl−, Br−, NO3
− and ClO4

− induced
either spectral profile nor solution color change. Obviously,
-Hg2+ exhibited the most sensitive and selective response to
−.

To make a comparison, the interaction between 1 and anions
as also investigated. Fig. 2 displayed the spectral change of 1

n the presence and absence of anions in acetonitrile. The pres-
nce of F−, CH3CO2

− and H2PO4
− all led to red shift of the

pectra along with the color change from colorless to yellow.
he addition of other anions such as HSO4

−, Cl−, Br−, NO3
−

nd ClO4
− induced little changes because of the weak anionic

asicity. Although the sensitivity for F− was higher than that for
H3CO2

− or H2PO4
−, the selectivity was poor. It is obvious

hat 1-Hg2+ and 1 have different mechanisms of binding anions.
he existence of Hg2+ in 1-Hg2+ promoted the intramolecu-

ar charge transfer when the metal complex bound with anions,
hich induced the large red shift of the spectra and the color

hange. It was noted that the selectivity of 1-Hg2+ for F− was
reatly improved.
The absorption titration of 1-Hg2+ with F− was performed
nd the result was presented in Fig. 3. In the absence of F−,
he solution of 1-Hg2+ was colorless and the maximal wave-

ig. 2. Absorption spectra of 1 (1.6 × 10−5 mol L−1) in the presence and
bsence of anions in acetonitrile. The concentrations were 8.0 × 10−5 mol L−1

or F−, CH3CO2
− and H2PO4

−, respectively, and the concentrations of other
nions were 3.2 × 10−4 mol L−1, respectively.
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Fig. 3. Absorption spectra of 1-Hg2+ (8.0 × 10−6 mol L−1) in acetonitrile with
increasing amounts of F−. The concentrations of curves 1–4 were 0, 0.2, 0.6,
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Fig. 4. Absorption spectra of 1 (1.6 × 10−5 mol L−1) in the absence and pres-
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nd 0.8 × 10 mol L , respectively. The concentrations of curves 4–19 were
.8, 1.0, 1.2, 1.28, 1.36, 1.44, 1.52, 1.6, 1.68, 1.8, 1.92, 2.2, 2.8, 4.0, 8.0, and
0 × 10−5 mol L−1, respectively.

ength of absorption spectrum centered at 339 nm, whereas
pon addition of F−, the spectra underwent dramatic change
n two steps. When the concentration of F− was lower than
.0 equiv. of 1-Hg2+ the spectra slightly red shifted and the
bsorbance increase. While the concentration increased to more
han 1.0 equiv., the absorbance at 339 nm decreased remarkably
nd a new peak at 490 nm appeared along with the absorbance
ncrease. Clear isosbetic points were observed at 326 and
01 nm. The spectral change kept constant after the addition
f 10 equiv. F−. The color of the solution turned to red which
as easily observed via naked eyes. It was assumed that ternary

omplex of 1-Hg2+-F− was formed. F− behaved linearly in
he 8.0 × 10−6 to 2.0 × 10−5 mol L−1 concentration range with
OD as 1.4 × 10−6 mol L−1.

In order to explain the interaction between 1-Hg2+ and F−,
he effects of Hg2+ or anions on the spectra of 1–3 were also
nvestigated, respectively. Fig. 4 showed the titration of 1 with
g2+. Upon addition of Hg2+, the spectrum of 1 red shifted from
39 to 349 nm and a clear isosbetic point at 294 nm appeared
hich implied a stometric complex formation. Inset plot of
ig. 4 displayed the absorbance change vs. the concentration
atio of 1 and Hg2+. It confirmed 1:2 (1:Hg2+) stoichiometric
omplex formation. The similar experiment was also performed
n 2, the molar ratio displayed 1:1 complex formation (shown
n Fig. S3). However, 3 showed weak affinity to Hg2+. It was
xplained that Hg2+ bound to the thiourea moiety and the
ydroxyquinoline moiety of 1 simultaneously. Meanwhile, the
inding ability of thiourea moiety with Hg2+ was stronger than
hat of 8-hydroxy quinoline moiety. The binding affinity of 2
o anions followed the order of CH3CO2

− > F− > H2PO4
− [31]

hich was in agreement with the order of anionic basicity. It

s because that thiourea is a good hydrogen bond donor which
rovides two hydrogen atoms to bind with CH3CO2

−. However,
or 1 the order was F− > CH3CO2

− > H2PO4
−. Job-plot exper-

ments exhibited the binding ratios between 1 and anions such

a
a
f

nce of Hg2+ in acetonitrile. The concentrations for curves 1–10 were 0, 0.8,
.2, 1.6, 2.0, 2.4, 2.8, 3.2, 4.0, and 8.0 × 10−5 mol L−1, respectively.

s F− and CH3CO2
− were both 1:1 (seen in Figs. S4 and S5).

hus, it is supposed that F− bound the hydroxyquinoline moi-
ty instead of the thiourea moiety of 1. Then we tried to explain
he above two-step phenomenon when titrating 1-Hg2+ with F−.
t the beginning, HgF2 was formed with Hg2+ displaced from
-hydroxy quinoline moiety of 1-Hg2+. However, with higher
oncentration of F−, it formed hydrogen bond with 1-Hg2+ at the
ydroxy moiety. Hg2+ bound thiourea moiety acting as electron
cceptor and F− serving as electron donor, thus the intramolec-
lar charge transfer was promoted with a new peak at 490 nm
ppeared.

The effect of the addition order on the spectral change was
lso studied (seen in Fig. S6). Upon addition of Hg2+ into the
ixture of 1 and F−, the new peak at 490 nm was also observed

mplicating the ternary complex formation. However, when the
mount of Hg2+ was increased the absorbance at long wave-
ength decreased and the spectral changed to that of 1-Hg2+

omplex. It was assumed that HgF2 was formed and the rest
g2+ bound hydroxyquinoline moiety.
To further confirm the mechanism, F− or CH3CO2

− was
dded into the solution of 2-Hg2+, the spectrum underwent slight
hange (shown in Fig. S7). Although the competing binding
etween anions and Hg2+ for the thiourea group occurred, no
bvious spectral changes were observed since the absorption
pectral profile and peak’s location of 2-Hg2+ and those of 2-
nion were similar. The results implied that ternary complex
ould not form because of the absence of simultaneous binding
ites for Hg2+ and the anion. It also confirmed the binding action
f 1 involved both the thiourea group and the hydroxyquinoline
roup.

We also studied the interaction between 1-Cu2+ and anions
shown in Fig. 5). The results showed the similar spectral change

s 1-Hg2+. However, 1-Cu2+ was sensitive to anions such as F−
nd CH3CO2

−, which indicated that the selectivity of 1-Cu2+

or F− was poor.
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Fig. 5. Absorption spectra of 1-Cu2+ (8.0 × 10−6 mol L−1) complex in the
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resence and absence of the anion in acetonitrile. The concentrations were
.2 × 10−4 mol L−1 for F−, CH3CO2

− and H2PO4
−, respectively. The con-

entrations of other anions were 2.4 × 10−4 mol L−1, respectively.

. Conclusion

A novel and ditopic compound, N-5-[8-hydroxy-quinoline]-
′-4′-nitro phenyl thiourea, was synthesized. Its Hg2+ complex

ensed F− by hydrogen bond formation. Intramolecular charge
ransfer of 1-Hg2+-F− led to the red shift of the absorption peak
ith a vivid color change from colorless to red.
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[9] R. Martı̀nez-Máňez, F. Sancenón, J. Fluoresc. 15 (2005) 267–285.
10] T. Gunnlaugsson, M. Glynn, G.M. Tocci(nee Hussey), P.E. Kruger, F.M.

Pfeffer, Coord. Chem. Rev. 250 (2006) 3094–3117.
11] T. Gunnlaugsson, P.E. Kruger, P. Jensen, J. Tierney, H.D.P. Ali, G.M.

Hussey, J. Org. Chem. 70 (2005) 10875–10878.
12] B. Liu, H. Tian, Chem. Lett. 34 (2005) 686–687.
13] D.E. Gomez, L. Fabbrizzi, M. Licchelli, J. Org. Chem. 70 (2005)

5717–5720.
14] D.E. Gomez, L. Fabbrizzi, M. Licchelli, E. Monzani, D. Sacchi, J. Mater.

Chem. 15 (2005) 2670–2675.
15] J.V. Ros-Lis, M.D. Marcos, R. Martinez-Manez, K. Rurack, J. Soto, Angew.

Chem. Int. Ed. 44 (2005) 4405–4407.
16] S.J. Lee, S.S. Lee, I.Y. Jeong, J.Y. Lee, J.H. Jung, Tetrahedron Lett. 48

(2007) 393–396.
17] Y.Y. Fu, H.X. Li, W.P. Hu, Eur. J. Org. Chem. 15 (2007) 2459–3243.
18] G.J. Kirkovits, J.A. Shriver, P.A. Gale, J.L. Sessler, J. Inclusion Phenom.

Macrocycl. Chem. 41 (2001) 69–75.
19] M.J. Deetz, M. Shang, B.D. Smith, J. Am. Chem. Soc. 122 (2000)

6201–6207.
20] R. Shukla, T. Kida, B.D. Smith, Org. Lett. 2 (2000) 3099–3102.
21] T. Tozawa, Y. Misawa, S. Tokita, Y. Kubo, Tetrahedron Lett. 41 (2000)

5219–5223.
22] J.B. Cooper, M.G.B. Drew, P.D. Beer, J. Chem. Soc., Dalton Trans. (2000)

2721–2728.
23] H. Miyaji, S.R. Collinson, I. Prokeŝ, J.H.R. Tucker, Chem. Commun.
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