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We reported a new naphthalimide fluorescence probe M1[dimethyl 3, 3'-((2-((2-butyl-1, 3-dioxo-2, 3-dihydro-1H-benzo[de] 

isoquinolin-6-yl) amino) ethyl) azanediyl) dipropionate] with Al3+ fluorescence system. Its UV-visible absorption spectrum and 

fluorescence spectrum showed remarkable optical characteristics. The optimal experimental conditions, including reaction 

temperature, pH, and reaction time were investigated. This system possessed a good anti-interference ability toward the other 16 

metal ions. The M1 shows good linearity with Al3+ concentration (1 × 10-6 ~ 15 × 10-6 mol/L). The LOD (Limit of Detection) was 

7.55 × 10-8 mol/L. It has good resistance to interference. It was excellently resistant to interferences. The complexation ratio 

between the M1 probe and Al3+ is 1:1. Furthermore, the binding mechanism was conjectured. We applied the constructed 

fluorescence system for the first time to the determination of Al3+ in Chinese herbal medicines, and fluorescence imaging in living 

cells. 
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1. INTRODUCTION  

With the rapid development of economic construction in 

Heilongjiang and the gradual improvement of science and 

technology, the material living standard of the people has also 

improved a lot, but environmental problems have also come one 

after another. The discharge of industrial waste leads to a large 

accumulation of aluminum ions in the environment. Aluminum 

ions in acidic soils are toxic to plant roots, thereby inhibiting 

plant growth [1]. More seriously, aluminum ions that are 

enriched in the human body are difficult to be excreted and can 

adversely affect certain cellular tissues and the nervous system, 

which in turn can lead to various diseases [2, 3]. Therefore, it is 

particularly important to achieve the detection of aluminum ions 

in the environment and living organisms. 

Due to the effects of metal ions on the environment and the 

human body, various detection methods have been investigated. 

For example, atomic fluorescence (AFS), atomic absorption 

(AAS), inductively coupled plasma (ICP), chemical titration, 

electrochemical analysis, and chromatograph [4 – 6]. Although 

these methods have the advantages of low detection limits and 

high sensitivity, they also have the disadvantages of expensive 

instruments, complicated operation, troublesome pre-treatment 

and long time-consuming. These problems are limiting the 

practical application of the above methods. Currently, 

fluorescent probes have received increasing attention from 

researchers due to their low detection limits, simplicity, low cost 

and instantaneous response, and a large number of organic 

fluorescent probes for metal ions have been synthesized. Many 

of these probes can be applied to qualitatively identify metal 

ions in cells and organisms [7 – 9]. Compared with traditional 

metal ion detection methods, fluorescent probes have the 
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advantages of good selectivity, high sensitivity, low dependence 

on equipment, simple operation, and low detection limits. It 

plays an increasingly important role in bio-detection, ion 

monitoring [10 – 13], molecular monitoring [14 – 16], cell 

imaging [17 – 19], drug delivery [20, 21] and environmental 

monitoring [22, 23], etc. 

The excellent photochemical and physical properties of 

naphthalimide derivatives have made them a hot topic in 

fluorescent probes for the detection of ions. Because of the 

presence of the electron-pulling "imide" group and the strong 

electron-donating group R2, they constitute the electron transfer 

transition (ET) band, resulting in color changes and high 

fluorescence quantum yields. Researchers have designed 

different organic fluorescent probes by changing R1, and R2. 

These probes have the advantages of good selectivity, 

interference resistance, high sensitivity, large Stokes shift and 

high quantum yield of fluorescence, and are widely used in 

chemistry, medicine and environmental science [24]. 

A new Schiff base fluorescent probe NBP was synthesized 

and characterized by Zhang et al. [25]. The LOD of NBP toward 

Al3+ was 80 nM, and the binding ratio was 1:2. Besides, cell 

imaging experiments revealed NBP could serve as an indicator 

for monitoring Al3+ ions in living cells. Wang et al. [26] 

designed and synthesized a kind of naphthalimide probe NBPN, 

which process a significant selectivity toward Al3+ with a good 

linearity in the concentration range of 3 ~ 11 μM. In 2019, 

CaifengDing's group [27] designed a probe DEHP to detect 

human serum albumin (HSA). before the addition of HSA, the 

aromatic ring of the probe was orthogonal to the plane, while 

after the addition of HSA, the TICT effect of the probe DEHP 

itself was suppressed and the aromatic ring was rotated, 

resulting in a red fluorescence in the probe response. 
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FenglinWang's group [28] synthesized and designed a 

ratiometric fluorescence probe SN-N3 based on naphthalimide 

and aniline, and after the N3 group was attacked by H2S to 

change N3 to the amino group, aniline was separated from the 

probe SN-N3. The fluorescence changed from blue to green, 

and ratiometric fluorescence detection was achieved. 2017 Qiao 

[29] group designed fluorescent probes to enhance the 

fluorescence intensity and photostability of naphthalimide dyes, 

localize and detect proteins based on naphthalimide 

fluorophores with a combination of theoretical and 

experimental approaches. A series of naphthalimide 

fluorescence-enhanced fluorescent probes were synthesized, 

and the method enables wash-free fluorescence imaging of 

target proteins in the nucleus and mitochondria, avoiding cell 

damage and achieving a high signal-to-noise ratio for the 

detection of target proteins in living cells. 

In our work, we reported a new fluorescence system 

fluorescence probe M1-Al3+ based on naphthalimide. Its 

fluorescence spectrum and ultraviolet spectrum characteristics 

show that the probe has great application prospects in optical 

detection. Its anti-interference ability in complex environments 

endowed it with excellent detection ability. In addition, the 

ligand ratio of the system helped to explain its principle. To 

investigate the application of the probe, we applied the system 

to the determination of Al3+ content in herbal medicines, 

provided technical formulas and a reference basis for the quality 

control of herbal medicines, and applied it to the study of living 

cell imaging. 

2. EXPERIMENTAL DETAILS 

Instruments: fluorescence spectrophotometer (970CRT, 

Shanghai), acidity meter (pHS-3C, Sedolis, Germany), 

ultraviolet spectrophotometer (UV-2550, Suzhou Beirui), 

electronic balance (JD100-3A, Zhengzhou Wanbo). 

Reagents: the reagents used in this study were analytical 

grade: zinc chloride (ZnCl2), calcium chloride (CaCl2), 

potassium chloride (KCl), methanol (CH3OH), magnesium 

chloride (MgCl2), cobalt chloride hexahydrate (CoCl2·6H2O), 

sodium chloride (NaCl), nickel chloride hexahydrate 

(NiCl2·6H2O), manganese chloride (MnCl2), ferrous chloride 

(FeCl2), cadmium chloride (CdCl2), aluminum chloride (AlCl3), 

ferric chloride hexahydrate (FeCl3·6H2O), cupric chloride 

(CuCl2), sodium hydroxide (NaOH). 

Instruments: NEXUS-670 FT-IR spectrometer, Nicorette 

Corporation, USA; AV-400 Nuclear Magnetic Resonance 

Spectrometer, Bruker, Germany; DZF-6020A vacuum drying 

oven, Shanghai Kuntian Co; JD100-3A precision electronic 

balance, Zhengzhou Wanbo Company; HWS-12 electrothermal 

constant temperature water bath, Shanghai Yiheng Company. 

Synthesis of Fluorescent Probe M1: compound 1 was 

synthesized by taking 6 g of 4-bromo-1,8 naphthalic anhydride, 

150 mL of anhydrous ethanol, and 6.24 mL of L1-aminobutane 

in a three-necked round-bottom flask, passing nitrogen into the 

flask, and stirring and heating to reflux for 12 h. After the 

reaction was completed and cooled to room temperature, the 

reaction was poured into a beaker with ice water, and a 

precipitate appeared at the bottom of the beaker, which was 

filtered to obtain a light-yellow solid, washed with distilled 

water three times, and then placed in a vacuum drying oven. The 

product was washed with distilled water 3 times and then put 

into a vacuum drying oven. The dried product was recrystallized 

with anhydrous ethanol to obtain light yellow powder 

compound 1. 

Compound 2 was synthesized by adding 1 g of compound 

1 and 12.2 g of ethylenediamine to a single bottom flask and 

refluxing with stirring for 4 h. After the reaction, the solution 

was cooled to room temperature. The cooled solution was 

poured into a beaker with ice water and a large amount of 

precipitate appeared in the beaker, which was filtered to obtain 

a yellow solid. 

The M1 probe was synthesized by adding 2 g of compound 

2 and 80 mL of anhydrous ethanol to a single bottom flask, and 

the flask was placed in a water bath and stirred vigorously until 

compound 2 was completely dissolved and the heating was 

stopped. After the solution cooled completely, 5.843 g of methyl 

acrylate was slowly added and stirred for 48 h. The filter cake 

obtained by filtration was washed three times with anhydrous 

ethanol, and the washed filter cake was dried in a vacuum drying 

oven for 24 h. The yellow solid was obtained as the probe M1. 

The synthetic pathway is shown in Fig. 1. 

 

 

Fig. 1. Synthesis pathway of M1 probes 

 

Fig. 2. 1H-NMR spectrum of M1 

Nuclear magnetic resonance characterization atlas: 

1H NMR (600 MHz, CDCl3) δ: 8.59 (d, J = 7.3 Hz, 1H), 

8.47 (d, J = 8.4 Hz, 1H), 8.39 (d, J = 8.4 Hz, 1H), 7.62 (t, 
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J = 7.8 Hz, 1H), 6.68 (d, J = 8.4 Hz, 1H), 6.30 (t, J = 4.6 Hz, 

1H), 4.17 (t, J = 7.7 Hz, 2H), 3.57 (s, 6H), 3.45 (q, J = 5.1 Hz, 

2H), 2.92 – 2.78 (m, 6H), 2.51 (t, J = 6.4 Hz, 4H), 1.72 (p, 

J = 7.7 Hz, 2H), 1.46 (h, J = 7.4 Hz, 2H), 0.98 (t, J = 7.4 Hz, 

3H). The NMR hydrogen spectrum of M1 is shown in Fig. 2. 

Preparation of sample solution: to obtain probe sample 

solution (1 × 10-5 mol·L-1), M1 probe (9.6 mg) was dispersed in 

anhydrous methanol (10 mL), then diluted 200 times with 

MeOH:H2O = 2:1 (V:V). 

To obtain a metal ion solution (1 × 10-2 mol·L-1), anhydrous 

aluminium chloride (133.34 mg) was dispersed in distilled 

water (10 mL), then diluted 10 times with deionized water. 

Other metal ions (Cu2+, Co2+, K+, Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, 

Na+, Ca2+, Ni2+, Cd2+, Fe3+, Sn2+, Hg2+) are also prepared to 

1×10-2 mol·L-1 in the similar way. 

Spectral experimental method: 11 equivalents of Al3+ 

solution were pipetted into the probe sample solution, mixed 

well and left to stand. The fluorescence spectrum in a 1 cm 

cuvette (excitation wavelength 400 nm, sensitivity 1, similarly 

hereinafter). The UV absorption spectrum was measured in a 

cuvette using anhydrous methanol as the reference solution. 

Meanwhile, another blank probe sample solution was tested in 

the same method. 

Selectivity of probe to metal ions: the same volume of 

probe sample solution with the concentration were separately 

pipetted into 16 specimen tubes. 11 equivalents of the metal ion 

solution (Cu2+, Co2+, K+, Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, Na+, Ca2+, 

Ni2+, Cd2+, Hg2+, Fe3+, Al3+, Sn2+) to each of them with a pipette, 

mixed well and left to stand. Then, the UV absorption spectra 

and the fluorescence spectrum of the solutions in each of the 16 

specimen tubes were tested, respectively. 

Titration of Al3+ by a probe: under the optimal experimental 

conditions, different equivalents of Al3+ solution was pipetted 

into the probe sample solution, shaken well, and the 

fluorescence emission spectra and the UV absorption spectra 

were tested, respectively. 

Anti-interference experiment: 15 groups of probe sample 

solutions were added with 11 equivalents of Al3+ solution, and 

then 11 equivalents of interfering metal ion solution (Cu2+, Co2+, 

K+, Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, Na+, Ca2+, Ni2+, Cd2+, Hg2+, 

Fe3+, Al3+, Sn2+) were added separately. After mixing well and 

leaving to stand, the samples’ fluorescence spectrum was tested. 

Plotting of standard curve: different equivalents of Al3+ 

metal solutions were added to the probe sample solution, mixed 

well, left to stand, and the fluorescence intensity was measured 

separately. 

Experimental condition investigation: two sets of probe 

sample solutions were taken, and 11 equivalents of Al3+ solution 

were added to one set. They were measured separately by 

fluorescence spectrophotometer within the temperature of 5 to 

65 ℃ (interval of 5 ℃). 

Two sets of probe sample solutions were taken, and 

11 equivalents of Al3+ solution were added to one set. The pH 

was adjusted from 1 to 12 with NaOH solution and HCl solution. 

They were measured separately by fluorescence 

spectrophotometer within 0 to 90 min (interval of 5 min). 

Ligand ratio experiments: the total concentration of the 

probe and Al3+ in mixed solution was kept constant at  

5 × 10-5 mol/L. The fluorescence emission spectroscopy 

was measured while the molar ratio of a probe to Al3+ in the 

mixed solution continuously changed from 0.1 to 0.9. 

Determination of LOD: the fluorescence intensity of the 

blank probe solution was measured 11 times in parallel. Thus, 

the standard deviation was calculated, and LOD was calculated 

using the formula LOD = 3δ/k. 

Methodological examination. Precision: 10 groups of 

mixed solutions of probes and Al3+ with the same 

concentration were accurately measured and detected 

separately by fluorescence spectrophotometer. 

Accuracy: three groups of fluorescent system solutions 

with Al3+ concentrations of 4, 6 and 13 (10-6 mol/L) were taken, 

and the fluorescence intensity of each group was measured three 

times. The recovery was calculated according to the measured 

and actual concentrations. The relative standard deviation 

calculated by recovery is used to examine the accuracy of the 

method. 

Reversibility study of fluorescent systems: the fluorescence 

spectrum of the probe sample solution was recorded when 

11 equivalents of Al3+ solution and 22 equivalents of EDTA 

aqueous solution were added, respectively. Finally, excessive 

Al3+ was added and the fluorescence spectrum was recorded. 

Application research. Sample detection: the herbal 

medicines Panacis Quinquefolii Radix (PQR) and Paeoniae 

Radix Alba (PRA) got properly cleaned, cut, dried and ground, 

respectively. Four parts of 0.6 g powder got weighed. After 

being digested by acid and heat, the excess acid was removed. 

and another blank sample was labeled. The volume was 

adjusted to 50 mL with deionized water (pH = 7). Then the 

content of Al3+ was measured 3 times in a row. 

Cell culture conditions: Dulbecco's modified eagle medium 

added 10 % Fetal Bovine Serum, the atmosphere made up of 

clean air: CO2 (95:5). Cell imaging: HeLa cells were immersed 

in the probe sample solution, incubated for 30 min, rinsed twice, 

and recorded by fluorescence microscopy. Then, saturated Al3+ 

was infunded and incubated for 30 minutes, rinsed twice, and 

the cells got recorded by fluorescence microscopy. 

Cytotoxicity assay: different concentrations of M1 probe 

solution were added dropwise to the HeLa cells after incubation, 

and the cells were incubated for 24 h. MTT (thiazole blue) 

reagent was added and incubated for 4 h. The survival rate of 

the cells was observed on an enzyme marker. 

Cell fluorescence imaging experiments: HeLa cells were 

treated with M1 probe solution at a concentration of 1 × 10-5 

mol/L, incubated for 30 min, rinsed twice with culture medium, 

observed by fluorescence microscopy, and fluorescence 

micrographs were taken. Subsequently, saturated equivalents of 

Al3+ solution were added to the probe treated cells, incubated for 

30 min, rinsed twice with culture medium, observed by 

fluorescence microscopy, and photographed fluorescence 

micrographs. 

3. RESULTS AND DISCUSSION 

3.1. Spectral experimental 

As shown in Fig. 3, the pure probe solution has a weak peak 

at 541 nm. After adding Al3+ solution, it shifted to 526 nm and 

its intensity increased. It indicated that the Al3+ fluorescent 

system had been successfully built. 

Fig. 4 shows the pure probe solution has three peaks at 

439 nm, 259 nm, and 282 nm. After adding Al3+ solution, the 

peaks at 439 nm and 282 nm shifted to 526 nm and 274 nm, 
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respectively, and their intensities decreased. It is inferred that the 

Al3+ fluorescent system had been successfully built. 
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Fig. 3. Fluorescence response of M1 and Al3+ fluorescence systems 
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Fig. 4. UV-Vis absorption response of the system and probe M1 

3.2. Selectivity of probe to metal ions 

Fig. 5 shows, after separately adding ions (Cu2+, Co2+, K+, 

Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, Na+, Ca2+, Ni2+, Cd2+, Hg2+, Fe3+, 

Al3+, Sn2+) to the probe solution. After adding Al3+, the original 

peak at 541 nm shifted to 526 nm and increased significantly in 

intensity. After adding Al3+, the original fluorescent peak of 

541 nm shifted to 525 nm. The fluorescence peak responses 

were weak when other metal ions were added, and the 

fluorescence emission spectrums had no obvious change. It 

reveals that the M1 probe has good selectivity only for Fe3+ and 

Al3+. Additionally, probe selectivity for Al3+ is superior to that 

for Fe3+ [30,31]. 

F
lu

o
re

sc
en

ce
 i

n
te

n
si

ty
,a

.u
.

Wavelength,nm  

Fig. 5. Fluorescence response of different metal ions interacting with 

M1 

Fig. 6 shows, after separately adding ions (Cu2+, Co2+, K+, 

Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, Na+, Ca2+, Ni2+, Cd2+, Hg2+, Fe3+, 

Al3+, Sn2+) to the solution, the peaks of the fluorescence system 

with Fe3+ and Al3+ showed significant changes, while that with 

other ions almost never changed. After adding Al3+, the peaks 

of probe at 439 nm and 282 nm shifted to 420 nm and 274 nm, 

respectively, and their intensities decreased. After adding Fe3+, 

the peaks of probe at 439 nm and 282 nm disappeared and a new 

appeared at 367 nm. It reveals that the M1 probe has good 

selectivity only for Fe3+ and Al3+. Additionally, probe selectivity 

for Al3+ is superior to that for Fe3+ [32]. 
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Fig. 6. UV absorption response of different metal ions interacting with 

M1 

3.3. Titration of Al3+ by a probe 

As shown in Fig. 7, when the Al3+ concentration increased, 

the peak shifted from 541 nm to 526 nm, and increased 

significantly in intensity. Once the Al3+ reached 11 equivalents, 

the fluorescence peak was essentially unchanged, indicating that 

the binding of the probe and Al3+ reaches saturation. 

Fig. 8 shows, with the rise of Al3+ the peak at 439 nm and 

282 nm shifted to 420 nm and 274 nm, respectively, and their 

intensities decreased. Once Al3+ reached 11 equivalents, the 

peaks of the fluorescent system were basically unchanged, 

indicating that the binding of the probe and Al3+ reaches 

saturation. 
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Fig. 7. Fluorescence titration response under different concentrations of 

Al3+ 
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Fig. 8. UV titration response under different concentrations of Al3+ 

3.4. Anti-interference experiment 

Since the identification saturation amount of Al3+ is 

11 equivalents, 11 equivalents of interfering ions were chosen 

for the interference test. Fig. 9 shows that the intensity of the 

system was not obviously influenced by interference ions, 

which indicates that the system has good anti-interference [33]. 

It reveals that the probe is sensitive to Al3+ and may detect Al3+ 

in complex environments [34, 35]. 
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Fig. 9. Effects of interfering ions on fluorescence systems 

3.4. Plotting of calibration curve 

The intensity of the system rose in pace with the thickening 

of Al3+. The difference of fluorescence intensity change  

ΔF (F-F0) was used as the vertical coordinate and the 

concentration of Al3+ was used as the horizontal coordinate in 

Fig. 10. Within 2.4 × 10-5 to 11 × 10-5 mol/L, the linear 

relationship between fluorescence intensity and Al3+ 

concentration can be expressed by formula:  

y = 3.5552x + 31.248, R2 = 0.9982. (1) 

3.5. Experimental condition investigation 

The effect of temperature on the system was tested among 

5 ~ 65 ℃. Fig. 11 shows that the intensities of the pure probe 

and the system are stable in the range of 20 ~ 35 ℃. Then 25 ℃ 

was set as the fluorescence system’s optimal reaction 

temperature. 

As shown in Fig. 12, the effect of pH variation on the 

fluorescence intensity was investigated. The intensity of pure 

probe was enhanced during 1 ~ 3, tended to stabilize between 

6 ~ 8, gradually increased during 4 ~ 7, and reached a maximum 

at 7. Therefore, pH = 7 was determined as the optimum pH 

condition. 
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Fig. 10. Calibration curve 

 

Fig. 11. Fluorescence response under different reaction temperatures 

 

F
lu

o
re

sc
en

ce
 i

n
te

n
si

ty
,a

.u
.

pH  

Fig. 12. Fluorescence response under different pH 

The intensities of the pure probe and system were 

investigated within 0 to 90 min (interval of 5 min). Once the 

reaction time reaches 10 minutes, the fluorescence intensity of 

the system reaches its maximum value and stabilizes in Fig. 13. 

For a complete response, the optimal response time was set as 

15 minutes. 
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Fig. 13. Fluorescence response under different reaction times 

3.6. Ligand ratio experiments 

To investigate the reaction mechanism of the probe with 

aluminum ions, we explore and verify it by measuring the 

binding ratio of the probe (Fig. 14). The complex ratio of metal 

ions was first determined by measuring the binding ratio of the 

probe to determine the complex ratio of metal ions in the 

complex. After keeping the sum of probe concentration and Al3+ 

concentration at 5 × 10-5 mol/L, the Al3+ content varied 

uniformly between 0 and 1. The maximum fluorescence 

emission was observed when the molar ratio molar fraction in 

the Al3+ fluorescent system was 0.5. This suggests a 

stoichiometric ratio of 1:1 for Al3+, further supporting our 

speculation [36]. 

The binding mechanism is shown in Fig. 15: Al3+ ligates 

with N and O, this inhibits photo-induced e- transfer and 

promotes charge transfer inside the molecule, thus enhancing 

the fluorescence recovery of probe M1 [37, 38]. 
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Fig. 14. The binding ratio curve 

3.7. Determination of LOD 

The blank probe solution was measured 11 times in parallel 

to record the fluorescence intensity, shown in Fig. 16. From the 

calculation, δ = 0.44. From the equation LOD = 3δ/k, the 

detection limit of the M1 probe for Al3+ was calculated to be 

3.71 × 10-7 mol/L, close to that of Yadav et al. and Biswas et al. 

[39]. 

3.8. Methodological examination 

Precision: as shown in Table 1, the relative standard 

deviation (RSD) of 10 groups with the same concentration is 

1.03 %, below 5 %. It revealed that the constructed system 

was of good accuracy. 

 

Fig. 15. The possible binding mechanism of probe M1 to Al3+ 
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Fig. 16. Fluorescence response of the blank sample 

Table 1. The precision results of the probe M1 

Experiment 

times 
△F (F-F0) △F average value RSD, % 

1 387.80 

389.34 1.03 

2 385.62 

3 383.28 

4 390.91 

5 393.65 

6 386.63 

7 393.12 

8 387.73 

9 388.49 

10 396.20 

Accuracy: Table 2 shows the recovery of the three groups’ 

systems have RSD of less than 1.56 %, 0.92 %, 1.21 % and 

1.09 %, respectively. The detection of the system had a higher 

precision. 

3.9. Reversibility study of a fluorescent system 

Reversibility is a crucial property of the fluorescent system. To 

verify the reversible reaction between Al3+ and the probe 

molecule, this paper chose to add EDTA aqueous solution to the 

constructed Al3+ fluorescent system. In Fig. 17, the intensity 

significantly decreased after mixing an adequate EDTA into the 

system. 

NO O

HN

N

O O

H3CO
OCH3

Al3+
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Table 2. The accuracy results of the probe M1 

Concentration, 

10-5 mol/L 
Recovery, % 

Recovery 

mean ± SD/% 
RSD, % 

4 

99.91 

98.23 ± 1.53 1.56 
96.93 

97.85 

99.70 

7 101.11 100.98 ± 1.22 1.21 

9 

102.13 

98.49 ± 1.07 1.09 
99.63 

98.32 

97.51 

Its mechanism can be expounded: EDTA separates Al3+ 

from the system and combined with it. Then, the fluorescence 

intensity recovers as excessive Al3+ is added. Thus, the 

recognition of Al3+ by the probe is highly reversible. 
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Fig. 17. Reversibility experiment of M1 and Al3+ fluorescence system 

3.10. Application research 

Sample Detection: Al3+ in Traditional Chinese Medicines 

was determined by this fluorescence system. Table 3 shows that 

the recoveries were 99.43 % ~ 100.39 % and 

98.93 % ~ 99.85 %, respectively, with RSDs less than 2 %. It 

indicates that the fluorescence system can be used to determine 

the Al3+ content in the herb medicines PQR and PRA. 

Table 3. Sample measurement results (n = 8) 

Sample 
Amount added, 

10-6 mol/L 

Recovery, 

10-6 mol/L 

Rate of 

recovery, % 

RSD, % 

(n = 3) 

PQR 0 – – – 

PQR 30 29.83 99.43 1.36 

PQR 60 59.75 99.58 1.64 

PQR 100 100.39 100.39 1.77 

PRA 0 – – – 

PRA 30 29.79 99.3 1.23 

PRA 60 59.91 99.85 1.1 

PRA 100 98.93 98.93 1.17 

Cell imaging: the cytotoxicity of M1 was measured by the 

MTT method. Four concentrations of M1 probe were taken 

separately for the experiment, and the cell survival rate was 

calculated using enzyme marker analysis. HeLa cells treated by 

the M1 probe of 5, 10, 15, 20 (10-5 mol/L) still had high survival 

rates of 99.57 %, 98.33 %, 95.23 % and 93.8 % in Fig. 18, 

respectively. It reveals that the probe has low biological toxicity 

for intracellular experiments. 
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Fig. 18. Cytotoxicity assay of M1 probe 
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Fig. 19. Cell imaging experiment 

In Fig. 19, the control set has no autofluorescence from the 

intrinsic fluorophores in the cells. Under the fluorescence 

microscope, the fluorescence response of the group treated with 

the probe was low, while that of the group treated with Al3+ and 

the probe was extremely strong. The results showed that the 

probe could pass through the living cell membrane, which can 

be applied to detect Al3+ in vitro and in vivo [40, 41]. 

4. CONCLUSIONS 

In our work, we successfully constructed a kind of Al3+ 

fluorescent system, and its fluorescence spectrum and UV 

spectral properties were investigated. successfully constructed. 

With the addition of Al3+, the peak position and peak intensity 

in fluorescence and UV spectra have changed significantly. The 

optimal experimental conditions were examined: pH = 7, 

optimum reaction time 15 min, and optimum reaction 

temperature 25 ℃. The ligand ratio of the probe to Al3+ was 1:1. 

The fluorescence system has a strong anti-interference ability to 

16 metal ions (Cu2+, Co2+, K+, Mg2+, Mn2+, Pb2+, Zn2+, Fe2+, Na+, 

Ca2+, Ni2+, Cd2+, Hg2+, Fe3+, Al3+, Sn2+). The detection limit for 

Al3+ reached 3.71 × 10-7 mol/L, with good linearity from 

2.4 × 10-5 to 11 × 10-5 mol/L. The probe has also been 

successfully used in the detection of Al3+ in traditional Chinese 

medicines, providing guidance and a scientific basis for the 

detection of metal ions in foods and herbal medicines. The 

imaging in Haila cells shows that the probe has broad prospects 

for real-time monitoring of metal ions inside and outside the 

organism. 
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