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Abstract: Fluorescent silicon quantum dots( SiQDs) were prepared by hydrothermal reaction meth-
od. The morphology and fluorescence properties of SiQDs were investigated by transmission electron
microscopy (TEM) , Fourier transform infrared spectroscopy ( FTIR) , X-ray photoelectron spectros-

copy( XPS), photoluminescence ( PL) excitation and emission spectra and excited-state decay
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curve. By lettuce cultivation experiment, the effect of SiQDs as foliar light fertilizer to improve light

energy utilization of lettuce was studied. TEM image showed that the average size of the SiQDs is

3.6 nm with the uniform size. These results of FTIR and XPS demonstrated abundant oxygen-contai-

ning functional groups on SiQQDs surface, which contributed to its excellent water dispersibility. The

PL spectrum of SiQDs demonstrated that the optimal emission of the SiQDs is 450 nm when excited

at 385 nm, which is also independent of excitation wavelength. When combined with chloroplast

(CLP) in vitro, the PL intensity of the SiQDs decreased, but the PL lifetime did not change signifi-

cantly. Furthermore, reduction rate of 2 ,6-dichlorophenolindophenol ( DCPIP) in this combined sys-

tem was increased. All these results above reveal that inner-filtration effect happens in SiQDs/CLP

combined system. CLP can absorb the blue light emitted from SiQDs for photosynthesis to increase

the total yield of fresh and dry weight of lettuce significantly. The chlorophyll fluorescence imaging

results further demonstrated the increased maximum photosynthetic rate

Key words: fluorescent silicon quantum dot; foliar light fertilizer; inner-filter effect; utilization of light energy
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Fig.1 TEM image of SiQDs(inset: size distribution)
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Fig.3 PL excitation and emission spectra of SiQDs
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Fig.4 (a)UV-visible absorption spectrum. (b)— ({)XPS and separation peaks of Ols, Cls, Si2p and Nls of SiQDs.
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Fig.5 (a)UV-visible absorption spectrum of chloroplast. (b) Normalized spectrum of UV-Vis Abs of CLP and PL emission of

SiQDs at 365 excitation. (c¢)PL emission spectra of SiQDs with variable volume of CLP at 400 nm excitation ( total vol-

ume at 4 mL, SiQDs concentration at 500 mg * mL™"). (d)PL spectra of variable concentration of CLP at 400 nm exci-

tation. (e)Excited-state lifetime decay profiles of SiQDs and SiQDs/CLP monitored at 450 nm emission. (f)DCPIP re-

duction by CLP with variable concentration of SiQDs (expressed by AAbs. ).
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5(d)). El5(e)JBRIE SiQDs X% A 3 mL K
TR SiQDs/ SRR TR &5 W I 2 H am . UG 3T
S AR A SR AKHT S SiQDs 1Y 2t iy 43
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5 AR EH AL A S AR B A IR ' ) B
X UUR N BRSS9l 55 (0 F5 e )
WA KA ILG FR o RN, DL F 25 2R
FH | S A 3 N BRI R I T SiQDs & S Y
£ 1 SiQDs 5 SiQDs/CLP K3t E & S5 A KR
Tab.1 Excited-state lifetime fitting data of SiQDs and SiQDs/
CLP

M T/ns A T,/ns 2

A, T/ns  x

SiQDs 14.27 7612.27 7.38 1915.71 13.48 0.999

SiQDs/CLP 14.35 7316.28 8.01 2123.42 13.46 0.999
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Fig.6 Biomass of lettuces treated with different SiQDs concentration. (a)Total fresh weight. (b)Total dry weight.

3.7 SiQDs X AEFNXEIERMN M
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Fig.7 Rapid light curves of lettuces treated with different

SiQDs concentrations
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Tab.2  Fitting data of photosynthetic characteristics of lettuce treated with different SiQDs concentrations

AbPELH/ (mg - L) WA K P/(pmol - m™2 +s7") R
CK ¥=0.93 +0. 14x - 8. 93E-542 53.82 0.996
5 y=1.37+0.15x - 1. 04E4x? 56.45 0.992
50 ¥=0.96 +0. 15x - 9. 72E-547 58.17 0.995
100 ¥=0.93 +0.16x - 1. 10E44? 58.71 0.992
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