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Organic-inorganic Hybrid Nanocomposite from
Polyhedral Oligomeric Silsesquioxane as
a Fluorescent Sensor for Zn** Ions

JIANG Weina, JIANG Haijian, ZHOU Hui, CHENG Weiwei"
(Nanjing Normal University Taizhou College)

Abstract In this study, a novel organic-inorganic hybrid fluorescent sensor was designed and synthesized using
salicylaldehyde and polyhedral oligomeric silsesquioxane (POSS) as raw materials. Through the reaction of
salicylaldehyde with POSS-NH,, POSS-Sa with a salicylaldehyde-Schiff base structure was obtained, and its
structure was characterized by Fourier transform infrared spectroscopy (FTIR) , ultraviolet-visible spectroscopy (UV-
Vis) , and nuclear magnetic resonance spectroscopy (NMR). The results revealed that the fluorescence efficiency of
POSS-Sa significantly increased in the presence of zinc ions (Zn?*). As the concentration of Zn>* increased, the
fluorescence intensity of POSS-Sa gradually enhanced. Within a certain concentration range, the fluorescence
intensity exhibited a linear relationship with Zn** concentration, following the calibration curve of y=10.31x+455.38
(R?=0.997). The linear detection range was 0.5—50%x1077 mol/L, with a detection limit of 1x107® mol/L. This sensor
demonstrated high selectivity and sensitivity toward Zn?* and was successfully applied to the detection of Zn>* in food
samples, showing high recovery rates. Additionally, due to its good biocompatibility, the sensor holds potential for

Zn** detection in food samples and in vitro cellular environments.
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Scheme 1 Synthetic route of POSS-NH,
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Scheme 2 Synthetic route of POSS-Sa
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Fig.2 'H NMR spectra of POSS-Sa Fig.3 UV-Vis spectra and fluorescence

emission spectra of POSS-Sa
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Fig. 4 Influence of different cations on fluores- Fig. 5 Fluorescence titration of POSS-Sa and

cent of fluorescence titration spectra standard curve(inset)

with varing concentrations of Zn**
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Fig. 6 Influence of other metal ions on fluorescence

intensity of POSS-Sa-Zn system

Fig. 7 Effect of Zn** on UV-Vis absorption
of POSS-Sa
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Fig. 8 Job’s plots of POSS-Sa-Zn complexes in CH,OH(A) and Probable structure of POSS-Sa-His
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Fig. 9 Fluorescence lifetime of Poss-sa before and

after adding Zn™*

Table 1 Determination of Zn** in food samples and statistical analysis”

Significance

Sample Detection Method Sample size, n 10° Average detection value SD t-test )
annotation
Green Tea POSS-Sa 6 4.254 0.062 =128 ns
AAS 6 4.369 0.037 p=0.27
Soybean POSS-Sa 6 3.279 0.017 1=1.53 ns
AAS 6 3.336 0.018 p=0.20
Apple POSS-Sa 6 0.187 0.004 1=1.82 ns
AAS 6 0.192 0.003 p=0.15

" Sample size n=6, which is the cumulative effective sample size of 2 groups of experimentsx3 parallel samples for each sample; SD is the
standard deviation, reflecting the degree of dispersion of parallel sample data results; the significance annotation "ns" represents p>0. 05

(independent samples i-test) , indicating that there is no significant difference between the two detection methods.

POSS-Sa E A4 I J5 iR 25 R 10 frs . B 10(A) ~(F) BT I, 243980k 6K A 405 nm B
Hela 41 IB4 543 POSS-Sa (55 FRMAE T 5 , AN S BRLR(A98, B POSS-Sa Bk A4l , JR7E
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HAEM, i POSS-Sa U ytsla , 15 B WL A AANE . it W], POSS-Sa ot 21t A 1 B 15 A I i
1119, I HA B2k N 2 A briC St bric b

Fig. 10 Images of Hela cells treated with probe POSS-Sa
(A—C) Fluorescence images of Hela cells incubated without POSS-Sa, (A) by green channel; (C) bright field image; (B) Merged
images of (A) and (C). (D—TF) fluorescence images of HeLa cells incubated with POSS-Sa without any sample, (D) by green channel ;
(F) bright field image; (E) Merged images of (D) and (F). (G—1I) fluorescence images of Hela cells incubated after adding Zn ions ,
(G) by green channel; (D) bright field image ; (H) Merged images of (G) and (1).
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