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Abstract 
A new probe P was synthesized and characterized from pyrene formaldehyde. The probe showed good selectivity for 

Cu
2+

 over other metal ions in ethanol-water solution (Vethanol:Vwater=3.5:1.5, pH 6.5, 0.02 M HEPES). With the increasing 

of Cu
2+

 concentration (2-10 μM), the P-Cu
2+

 system displayed excellent linear relationship at 464 nm with the detection 

limit down to 0.66 μM. 

Keywords: Fluorescent probe; Pyrene derivatives; Cu2+. 
 

 

1. Introduction 
Metal ions, as indispensable substances in human survival, development and life activities, are essential trace 

elements for human body. When excessive metal ions enter human body through respiration, diet and other ways, 

they will cause harm to human body. Meanwhile, their enrichment in the environment will also cause environmental 

pollution and ecological destruction. Among them, Cu
2+

 is an indispensable trace element ingested by the human 

body through daily diet [1], Cu
2+

 has an important impact on the growth and development of the human body and 

normal metabolism. Excessive intake of Cu
2+

 will cause damage to the human nervous system, and then lead to a 

series of neurological diseases. Therefore, there is a need for efficient and sensitive methods to detect metal ions in 

the environment and organisms that are easy to operate and can provide fast and accurate results. Among the current 

scientific detection methods of metal ions, most of them rely on large instruments [2-5]. Fluorescent probe method 

has excellent characteristics such as wide source, easy modification, high sensitivity, high selectivity, convenient 

operation, rapid response, etc.[6-8], which has gained a high popularity in the detection of metal ions in the 

environment and ecology. The development and exploration of fluorescent probes with better performance has 

gradually become a research focus, so it is of great significance to design and synthesize fluorescent probes with 

high selectivity and sensitivity. 

Pyrene and its derivatives can form excimer, and the fluorescence quantum yield generated by the excited state 

is high and long, the fluorescence emission spectrum is different from that of monomer, and the changes in the 

microenvironment are extremely sensitive, so that these derivatives are widely used in the field of microenvironment 

changes[9-11]. Researchers successfully reported many fluorescent probes based pyrene for the highly selective 

detection of Fe
3+

, Hg
2+、Cu

2+、Zn
2+

, etc. [12-16]. 

Most of the reported Cu
2+ 

fluorescent probes cause a quenching of the fluorescence emission upon addition of 

this metal ion due to its paramagnetic nature [17, 18], only a few probes in which the binding of Cu
2+

 leads to an 

increase in the fluorescence intensity, which are desirable for analytical purposes by the fluorescence enhancement 

[19, 20]. Based on the above-mentioned reasons and our work [21-24], a fluorescent probe containing a pyrene 

derivative was synthesized. Research showed that probe P had good selectivity for Cu
2+

 over the measured ions. The 

synthesis route of P was shown in Scheme 1. 
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Scheme-1. Synthesis route of P 

 
 

2. Experimental Section 
2.1. Reagents and Instruments 

All reagents and solvents were commercially available and used without further treatment. 

UV-Vis spectra were obtained on a Hitachic U-2910 spectrophotometer and a 1 cm quartz cell was used. 

Fluorescence emission spectra were conducted on a Hitachi4600 spectrofluorometer and a 1 cm quartz cell was used.  

 

2.2. Synthesis of Compounds  
Synthesis of Compound 1: 0.40 g pyrene formaldehyde was in a 250 mL round-bottomed flask, 16 mL 

hydrazine hydrate and 50 mL anhydrous ethanol was added. The reaction was heated 4 h and cooled to room 

temperature. The formed yellow solid was dried. 

Synthesis of P: 80 mg of compound 1, 45 µL of salicylaldehyde (slightly excessive) and 50 mL anhydrous 

ethanol were added in a 250 mL round-bottomed flask. After reflux reaction for 6 h, it was cooled to room 

temperature. The yellow solid P was obtained by filtration. 

 

2.3. General Spectroscopic Methods 
Common metal ions and anions, as well as probe P, were dissolved in deionized water and DMSO to obtain 0.01 

M stock solution, respectively. The excitation wavelength for all fluorescence measurements was fixed at 340 nm, 

and the excitation and emission slit widths were both 10 nm. 

 

3. Results and Discussion 
3.1. Fluorescent Selectivity of P 

The selectivity of probe P was tested for metal ions under the condition of ethanol-water solution 

(Vethanol:Vwater=3.5:1.5, pH 6.5, 0.02 M HEPES), as shown in Figure 1. The results showed that under the condition, 

the free P displayed a very weak fluorescence, while the fluorescence peak at 464 nm was found with the 

fluorescence intensity even up to 2000 upon additon of Cu
2+

, which was more conducive to the expression of 

recognization between P and Cu
2+

, and other metal ions caused little signal change. At the same time, neutral and 

weak alkaline environments was also an advantage of the probe in some applications. 

 
Figure-1. The selectivity of probe P (10 μM) to metals ions under ethanol-water solution (Vethanol:Vwater=3.5:1.5, pH 6.5, 0.02 M HEPES) 

 
 



Academic Journal of Chemistry 

 

27 

3.2. Fluorescent Titration of P with Cu
2+

 
In order to study the reaction between P and Cu

2+
, fluorescent titration experiment was carried out (Figure 2, 

left). From the results, it could be included that the fluorescent intensity at 464 nm enhanced accordingly with the 

increase of Cu
2+

 concentration. In the range of 2-10 μM, the correlation coefficient was 0.997 with linear equation 

F=211.768c-174.354, the detection limit was 0.66 μ M (based on S/N = 3, inset of Fig. 212). It was proved that the 

probe was an ideal off-on fluorescent probe for Cu
2+

. In Figure 2 (right), the influence of different concentrations of 

Cu
2+

 on the absorption spectra of the probe P was also examined. It was found that isoelectric points appeared at 294 

nm and 363 nm with the change of Cu
2+

 concentration. The absorbance at 287 nm increased with the increase of 

Cu
2+

 concentration, while the absorbance at 418 nm decreased. These results also provided some experimental 

support and feasibility for the detection of Cu
2+

 in water environment. 

 
Figure-2.  Fluorescence spectra of probe P (10 μM) in the presence of various concentrations of Cu2+ [0.1-90 μM] in ethanol-water medium 
(Vethanol:Vwater=3.5:1.5, pH 6.5, 0.02 M HEPES); (Inset) : Linear fluorescence intensity (F) of P (10 μM) upon addition of Cu2+ (2–10 μM) (left); 

The absorption spectra of probe P (10 μM) in the presence of various concentrations of Cu2+  [0.1-90 μM] in ethanol-water medium 

(Vethanol:Vwater=3.5:1.5, pH 6.5, 0.02 M HEPES) (right) 

 
 

3.3. Binding Mode of P with Cu
2+

 
Figure 3 was used to investigate the reversibility of the P-Cu

2+ 
system. Experimental results showed that the 

fluorescence peak at 464 nm appeared when the addition of Cu
2+

 into the solution and caused the change of its 

structure as seen in Figure 3(b). As shown in Figure 3(c, d), when EDTA was added into the P-Cu
2+

 solution as a 

complexing agent, it reacted with Cu
2+

 to form a compound with a greater stability constant in the system, resulting 

in fluorescence intensity decreased. When excess of Cu
2+

 was added again, it can be seen from Figure 3(e, f) that the 

fluorescence intensity at 464 nm recovered even enhanced more violently, which proved that the probe had a certain 

reversibility and can be reused. In order to further explore the combination model, the binding mode of P with Cu
2+

 

was proposed as shown in Scheme 2, the N (-C=N) and O ( –OH) participated in the coordination process of P-Cu
2+

. 

 
Figure-3. The reversibility of P-Cu2+ in the solution of the measuring medium (V ethanol : V water=3.5:1.5, pH 6.5, 0.02 M HEPES) 
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Scheme-2. Proposed binding mode of P with Cu2+ 

 
 

4. Conclusions 
In summary, a pyrene derivative was synthesized and characterized which could specifically recognize Cu

2+
 in 

the aqueous buffer solution by UV/vis and fluorescent responses. Furthermore, it also showed a “off-on” type of 

absorption and fluorescence response. The quenching effect of water will limit the probes applicability in biological 

milieu at some extent. However, by simple modifications with hydrophilic groups, we believed that this kind of 

probe can be used for many practical applications, including biological systems. Therefore, it could be concluded 

that this study had the potential to promote the development and application of Cu
2+ 

selective probes.  
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