
SSRG International Journal of Applied Chemistry                    Volume 7 Issue 3, 38-40, Sep-Dec 2020 

ISSN: 2393 – 9133 /doi:10.14445/23939133/IJAC-V7I3P107          © 2020 Seventh Sense Research Group® 

 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 

A Comparative Study of Three Fluorescent 

Probes Derived from Benzoyl Hydrazine   

Chen Man-juan1, Lin Xin1, Luo Zhuan1, Yu Chun-wei1*, Lin Ni1, Zhang Jun1,2* 

1Laboratory of Environmental Monitoring, School of Tropical and 

Laboratory Medicine, Hainan Medical University, Haikou, 571199, 

China 
2Laboratory of Tropical Biomedicine and Biotechnology, Hainan 

Medical University, Haikou 571101, China 

 

Abstract - Functional groups have a big effect on the 

selectivity and sensitivity of fluorescent probes, and many 

new fluorescent probes with different active groups were 

proposed every year. However, the most focused on the 

characterization of a single probe, system study of probes 

with similar structure and different active groups were 

rarely reported. In this work, three fluorescent probes 

derived from benzoyl hydrazine with different functional 

groups (-H, -OH, and -NH2) were comparatively studied. 

Results showed that the probes' selectivity was mainly 

decided by the active group's property bearing with the 

probes. 
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I. INTRODUCTION 

Because of the advantages such as good selectivity and 

high sensitivity, fluorescent probes have been widely used to 

detect environmentally relative targets [1-4]. The design and 

synthesis of new probes with excellent performance are still 

interesting in this research area.[5-7] Since the probes' 

selectivity and sensitivity are affected by the active groups in 

the probe system,[6-9] so the comparative study of probes 

derived from the same chromophore with different active 

groups can provide a useful message for the construction of 

new probes. In this work, three probes derived from benzoyl 

hydrazine with -H, -OH, and -NH2 as functional groups were 

studied, and the influence of the active groups on the 

performance of the probes were studied in detail (Scheme 1). 

 

Scheme 1 Structure of probes 

II. EXPERIMENTAL SECTION 

A. Reagents and Instruments 

The reagents were commercially available and used 

without further treatment. NMR spectra were measured with 

TMS as an internal standard. MS spectra were recorded on a 

Thermo TSQ Quantum Access Agilent 1100. Fluorescence 

emission spectra were conducted on a Hitachi 4600 

spectrofluorometer. The pH values were measured with a 

pH-meter PBS-3C. 

B. Synthesis of P1-3 

P1-3 was synthesized as a reported method.[10,11] 

C. General spectroscopic methods 

All of the fluorescence spectra were recorded at room 

temperature (25 oC). Test solutions were prepared by placing 

50 μL of the probe stock solution (1 mM), an appropriate 

aliquot of individual ions stock solution into a test tube, and 

then diluting the solution to 5 mL. For P1-2 fluorescent 

measurements, excitation and emission slit widths were 

10/10 nm, and the excitation wavelength was 360 nm. The 

testing media was ethanol. For P3 fluorescent measurements, 

excitation and emission slit widths were 5/10 nm, and the 

excitation wavelength was 335 nm; the testing media was 

the ethanol-water solution (8:2, v:v, pH6.3, 50 mM HEPES). 

III. RESULTS AND DISCUSSION 

A. Selectivity of P1-3 

The selectivity of the proposed probes P1-3 was firstly 

studied in ethanol. Compared to other tested metal ions (K+, 

Na+, Ca2+, Mg2+, Pb2+, Co2+, Cu2+, Cd2+, Ag+, Zn2+, Ni2+ and 

Hg2+), the proposed probes P2-3 have good selective property 

to Al3+ and Fe3+, respectively. However, P1 has no obvious 

selectivity. The addition of Al3+ to the P2 system and Fe3+ to 

the P3 system generated a significant "turn-on" fluorescent 

response at 440 nm and 420 nm, respectively (Figure 1, 

Figure 2[11]). It suggested that P2 and P3 have a better 

selectivity and sensitivity toward Al3+ and Fe3+ than other 

tested metal ions. 
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Fig. 1 Fluorescence response of P2 (10 µM) with 

different metal ions (100 µM) in ethanol 

 

Fig. 2 Fluorescence response of P3 (10 µM) with 

different metal ions (100 µM) in ethanol-water 

solution (8:2, v:v, pH 6.3, 50 mM HEPES) 

B. Water effect on the fluorescent response of P2-3 

The effect of water on the response of P2-3 was also 

studied. The results showed that water has a big influence on 

the fluorescent response of P2, and fluorescence quenching 

was observed with water in the testing system. Hence, it 

limited the use of P2 in environmental samples. Water effect 

on P3 was slightly observed, and it can be used in the 

ethanol-water solution (8:2, v:v, pH6.3, 50 mM HEPES)[11], 

which greatly expands the scope of use. 

C. Effect of functional groups on the response of P1-3 

From the selectivity study, we can see that different 

functional groups greatly influenced probes' responses to 

targets. P1 did not have any selectivity to the testing ions 

because there are not enough active groups to coordinate 

with metal ions. According to the soft-hard acid-base theory, 

Al3+ shows good affinity to groups with O atom, so P2 shows 

good selectivity to Al3+,[12-14] and the lone pair electrons of N 

in the -NH2 groups of P3 are easy to transfer and coordinate 

with Fe3+.[15] All results are following this theory. 

 

 

IV. CONCLUSIONS 

In summary, three benzoyl hydrazine derivatives bearing 

different groups were synthesized and characterized. The 

results showed that active groups in the probe system 

significantly affect the probe's selectivity and sensitivity. The 

conception may expand a promising approach to developing 

selective detection methods for targets and lead to the 

development of "off-on" type probes for other metal ions. 

V. ACKNOWLEDGMENT 

This work was financially supported by the Research 

Project of Education and Teaching Reform in Colleges and 

Universities of Hainan Province (Hnjg2019ZD-21), the 

National Natural Science Foundation of China (No. 

81760387, 81860381), the Research and Training 

Foundation of Hainan Medical University 

(X201911810016). 

REFERENCES 
[1] A. P. de Silva, H. Q. N. Gunaratne, T. Gunnlaugsson, A. J. M. 

Huxley, C. P. McCoy, J. T. Rademacher, T. E. Rice. Signaling 

recognition events with fluorescent sensors and switches. Chemical 

Reviews. 97 (1997) 1515-1566. 
[2] CW Yu, J. Zhang. A fluorescent probe based on ethanolamine 

modified rhodamine B for Fe3+ in living to the image. Journal of 

Hainan Medical University. 19 (2013) 1009-1011. 
[3] ZQ. Guo, S. Park, J.Y. Yoon, I. Shin. Recent progress in the 

development of near-infrared fluorescent probes for bioimaging 

applications. Chemical Society Review. 43 (2014) 16-29. 
[4]  CW Yu, L. Jian, Y.X. Ji, J. Zhang. Al(III)-responsive "off-on" 

chemosensor based on rhodamine derivative and its application in cell 

imaging. Rsc Advances. 8 (2018) 31106-31112. 

[5] J. Zhang, C.W. Yu, G. Lu, Q.Y. Fu, N. Li, Y.X. Ji. An Ag+-selective 

"off-on" probe-based on napthalimide derivative. New Journal of 

Chemistry. 36 (2012) 819-822. 
[6] Y.X. Ji, C.W. Yu, SB Wen, J. Zhang. Characterization of an Al3+-

selective fluorescent probe based on a benzoyl hydrazine derivative 

and its application in cell imaging. Turkish Journal of Chemistry. 40 
(2016) 625-630. 

[7] J.B. Lin, Y.X. Ji, W. Ye, R. Chen, L.F. Zeng, T.S. Li, Z.X. Tang. 

Synthesis and characterization of a naphthalimide derivative-based 
Cu2+-selective fluorescent probe. International Journal of 

Development Research 7 (2017) 16435-16437. 

[8] L.Y. Gao, F. Dai, SB Wen. Characterization of Mg2+-Selective 
Fluorescent Probe Based on Benzoylhydrazine. International Journal 

of Latest Research in Science and Technology. 6 (2016) 69-70. 

[9] CW Yu, S.H. Cui, Y.X. Ji, SB Wen, L. Jian, J. Zhang. A pH tuning 
single fluorescent probe based on naphthalene for dual-analytes (Mg2+ 

and Al3+) and its application in cell imaging. Rsc Advances.10 (2020) 

21399-21405 

[10] J. Zhang, C.W. Yu, S.Y. Qian, G. Lu, J.L. Chen. A selective 

fluorescent chemosensor with 1, 2, 4-triazole as subunit for Cu(II) 

and its application in imaging Cu(II) in living cells. Dyes and 
Pigments 92 (2012) 1370-1375. 

[11] W.T. Zhang, M. Yang, SB Wen, LJ Li, Y.X. Ji. Synthesis and 

Characterization of an Al3+-Selective Fluorescent Probe. SSRG 

International Journal of Applied Chemistry. 7 (2020) 1-3. 

[12] ZD. Liu, H.J. Xu, L.Q. Sheng, S.S. Chen, D.Q. Huang, J. Liu. A highly 

selective colorimetric and fluorescent chemosensor for Al(III) based-

on simple naphthol in aqueous solution. Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy. 157 (2016) 6–10. 

[13] V. Kumar, A. Kumar, U. Diwan, Shweta, Ramesh, S.K. Srivastava, 
K.K. Upadhyay. Salicylideneimines as efficient dual-channel emissive 

probes for Al3+: Harnessing ESIPT and ICT processes. Sensors and 

Actuators B: Chemical. 207 (2015) 650-657. 

400 450 500 550
0

50

100

150

200

250

In
te

n
s
it

y

wavelength (nm)

Al
3+

blank and other cations



Chen Man-juan et al. / IJAC, 7(3), 37-39, 2020 

40 

[14] B. In, G. W. Hwang, K.H. Lee. Highly sensitive and selective 
detection of Al(III) ions in aqueous buffered solution with the 

fluorescent peptide-based sensor. Bioorganic & Medicinal Chemistry 

Letters. 26 (2016) 4477-4482. 
[15] D.B. Wei, Y.L. Sun, J.X. Yin, G.H. Wei, Y.G. Du. Design and 

application of Fe3+ probe for "naked-eye" colorimetric detection in a 

fully aqueous system. Sensors and Actuators B: Chemical, 160 (2011) 
1316-1321.

 
[16] Wenting Zhang, Mei Yang, Shaobai Wen, Lijuan Li, Yuxiang Ji. 

Synthesis and Characterization of an Al3+- Selective Fluorescent 

Probe. SSRG International Journal of Applied Chemistry 7(3) (2020) 
1-3. 


