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Abstract. A new asymmetrical diarylethene (1O) with a quinoline formaldehyde unit was synthesized 
by click chemistry reaction. The results showed that the diarylethene could serve as a highly sensor 
for fluorescence turn-off detection of Cd2+, Cu2+ in its opened-ring isomers and colorimetric sensing 
of Cu2+ in its closed-ring isomers in acetonitrile. The 1:1 binding stoichiometry between 1O and Cd2+ 
or Cu2+ was obtained using Job's plots based on fluorescence titration and ESI-MS analysis. The 
association constants (Ka) of 1O with Cd2+ and Cu2+ estimated by the Benesi-Hildebrand method 
were found to be 6.72 × 105 M-1 and 4.21 × 105 M-1, respectively. The detection limit (LOD) was 
calculated to be 5.2 × 10-5 mol-1 for Cd2+ and 1.3 × 10-5 mol-1 for Cu2+. Furthermore, its closed-ring 
isomer 1C could be used as a selective ‘naked-eye’ colorimetric sensor for Cu2+, accompanied by a 
notable color change from purple to colorless. 
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1. Introduction 

The development of fluorescent and colorimetric chemosensors for the selective and sensitive 
detection of chemically and biologically significant metal ions [1-2], and anions [3] continues to be 
an area of ever increasing research activity The development of sensors for sensing and reporting 
heavy transition-metal ions, such as Cd2+ and Cu2+, have been receiving considerable attentions. 
Cadmium, an important natural element, is widely used in many processes [4]. Copper is one of the 
essential transition metal ions in the human body and plays an important role in various physiological 
processes [5, 6]. As a result, extensive research efforts have been devoted and many sensors for Cd2+ 
and Cu2+ have been documented in literature in recent years [7-8]. 

Up to date, owing to the importance of Cd2+ and Cu2+ in biological systems, numerous fluorescence 
turn-on chemosensors based on fluorophores [9, 10] have been reported. However, it is still a 
challenge to develop fluorescent sensors that can selectively and sensitively detect Cd2+ or/and Cu2+. 
Photochromic compounds exhibit reversible transformation between their open-ring and closed-ring 
isomers by photoirradiation [11, 12]. Therefore, diarylethene-based fluorescent or/and colorimetric 
sensors have been reported [13, 14]. 

On the basis of the mentioned facts, a new diarylethene-based sensor by fluorescence turn-off 
detection of Cd2+, Cu2+ in its opened-ring isomers and colorimetric sensing of Cu2+ in its closed-ring 
isomers was designed, which incorporated a quinoline formaldehyde unit as fluorophore group, and 
its photophysical behaviors induced by light and metal ions were investigated systematically. 

2. Experimental 

The synthetic route to the target diarylethene (1O), was synthesized by the procedure as published 
in the literature [15]. 



124 

3. Literature References 

3.1 Fluorescence Changes of Diarylethene 1O Induced by Metal Ions 

 
Fig 1. Photochromism of diarylethene 1. 

 
The UV-vis absorption and fluorescence spectral changes of 1O induced by photoirradiation have 

been reported in the reported published article [15] (Fig. 1). To verify the selectivity of 1O toward 
metal ions, the fluorescent behavior of 1O was investigated upon addition of various metal ions were 
systematically investigated in acetonitrile. The results clearly showed that the fluorescence and color 
dramatically changed when 10.0 equiv. of Cd2+ or Cu2+ was added to the solution of 1O, respectively 
(Fig. 2A/B). Compared with that of 1O, the addition of Cd2+ or Cu2+ to 1O in the solution led to the 
obvious fluorescence quenching of the band centered at 507 nm, accompanied by a remarkable 
fluorescence color change from bright green to dark (Fig. 2C), which can be also easily observed by 
naked-eye. While after addition of various other metal ions, almost negligible changes in fluorescence 
intensity were induced. As a result, the diarylethene could be used as a selective Cd2+ or Cu2+ 
fluorescence sensor in acetonitrile. 

 
Fig 2. (A) Emission spectral changes, (B) emission intensity changes, (C) photos demonstrating 

changes in its fluorescence induced by the addition of various metal ions. 
 
To further elucidate the responsive fluorescence of 1O induced by Cd2+ and Cu2+ irradiation, the 

fluorescence titration tests were performed in acetonitrile (2.0 × 10-5 mol L-1) (Fig. 3A/B), 
respectively. Upon incremental addition of Cd2+ or Cu2+, the fluorescence emission maximum at 507 
nm gradually quenched when the concentration of Cd2+ was 5.0 equiv and Cu2+ was 5.7 equiv (Fig. 
3A/B, inset). Furthermore, the fluorescence quantum yields of 1O-Cd2+ (1O′) and 1O-Cu2+ (1O′′) 
were determined to be 0.009 and 0.005, respectively. To examine whether the coordinating processes 
of 1O with Cd2+ or Cu2+ was reversible or not, an excess amount of EDTA (0.1 mol L-1) was added 
to the solutions of 1O′ or 1O′′. It was noticed that the fluorescence spectrum of 1O′ or 1O′′ could not 
recovered immediately to that of 1O, respectively. The results elucidated that 1O bound to Cd2+ or 
Cu2+ much more tightly than EDTA to Cd2+ or Cu2+. 

Furthermore, the fluorogenic quantitative sensing ability of the sensor for Cd2+ and Cu2+ were 
studied. In order to calculate the binding ratio between 1O and Cd2+, the Job's plot experiment was 
performed, where the fluorescence intensity of 1O′ at 507 nm was plotted against the molar fraction 
of 1O under the condition of an invariant total concentration, respectively. The maximum value was 
achieved when the molar fraction of [1O] / ([1O] + [Cd2+]) was about 0.5, indicating that the complex 
ratio of 1O′ is 1 : 1 in acetonitrile (Fig. 4A). The formation of a 1 : 1 complex was confirmed by ESI-
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MS, where the spectrum showed a molecular ion peak at m/z 742.7 for [1O′+CH3OH]+, a new peak 
at m/z 883.9 for Cd2+ appeared due to the formation of [1O′+NO3

-]+. These results also confirmed the 
formation of a 1 : 1 complex from 1O and Cd2+. The limit of detection (LOD) was calculated to be 
5.2 × 10-5 mol-1 for Cd2+, as estimated from Fig. 4B. To study the binding capacity of the sensor, the 
binding constant of 1O with Cd2+ were determined from fluorescence titration data. As shown in Fig. 
4C, the binding constant (Ka) which were obtained using the Benesi–Hildebrand equation was 6.72 
× 105 M-1 (R2 = 0.980) for Cd2+. This result stoutly resembles the strong binding ability of Cd2+ to 
1O. Based on the experimental results above, the limit of detection as well as the high association 
constant for 1O′ indicated the high sensitivity towards Cd2+. 

 

 
Fig 3. Changes in fluorescence of 1O induced by Cd2+ (A) and Cu2+ (B), respectively. 

 
Furthermore, based on the same method, for determination of stoichiometry between 1O and Cu2+ 

(Fig. 4D/E/F), the binding ratio of the 1O-Cu2+ was determined from Job's plots to be 1:1 based on 
fluorescence titration. The association constants (Ka) of 1O with Cu2+ estimated by the Benesi-
Hildebrand method were found to be 4.21 × 105 M-1 (R2 = 0.983). The detection limit (LOD) was 
calculated to be 1.3 × 10-5 mol-1 for Cu2+. As a result, the diarylethene could be used as a selective 
and sensitive Cu2+ fluorescence sensor in acetonitrile. 

 
Fig 4. Job’s plot (A/D), the limit of detection (LOD) (B/E) and the binding constant (C/F) for 1O-

Cd2+and 1O-Cu2+. 

3.2 Absorption Spectra Changes of Diarylethene 1C Induced by Metal Ions 

The recognition between 1C and different metal cations was performed using UV-vis spectroscopy 
in acetonitrile solution. From the absorption spectrum of 1C, it could be found that an intensive 
absorption band that appeared in the visible region peaked at 552 nm. Variation of absorption spectra 
of 1C upon addition of 5.0 equiv. of different metal cations was shown in Fig. 5A. It was very 
interesting to observe that the closed-ring isomer 1C performed ‘naked-eye’ detection of Cu2+ after 
addition of excess Cu2+ (10.0 equiv.), the absorption peak at 552 nm exhibited a significant decrease 
due to integration between 1C and Cu2+, the absorption intensity at 552 nm was quenched to ca. 8%, 
accompanied by a notably color change from purple to colorless (Fig. 5B). However, there were no 
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notably absorption spectrum changes for other metal ions. This indicated that 1C had high selectivity 
for Cu2+ in acetonitrile. 
 

 
Fig 5. (A) Histogram of absorption changes, (B) photos of color changes of 1C in the presence of 
respective metal ions and (C) competitive tests for the absorption responses of 1C to various metal 

ions. 
 

To study the influence of other metal ions on the Cu2+ sensing, competitive experiments were 
performed with by adding Cu2+ to 1C solution in the presence of the above-mentioned metal ions, as 
shown in Fig. 5C. In the presence of 10.0 equiv. of other competitive cations, Cu2+ still resulted in a 
similar absorption change. These findings indicate that 1C detected Cu2+ selectively and the presence 
of other metal ions could not interfere with the detection of Cu2+. 

4. Conclusion 

In summary, a new asymmetrical diarylethene with a quinoline formaldehyde unit has been 
synthesized, and its photochromism and ions sensing properties were investigated systematically. The 
diarylethene could serve as a highly sensor for fluorescence turn-off detection of Cd2+, Cu2+ in its 
opened-ring isomers and colorimetric sensing of Cu2+ in its closed-ring isomers in acetonitrile. 
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