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Figure S1. TG-DSC-DTG curves of the dried xerogel.
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Figure S2. Optical transmittance spectrum of (a) 0.3/0.5/1/5CdO-NG and 1CdS-NG 24 h and (b) 
1PbO-NG and 1PbS-NG 24 h.
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Figure S3. (a) Nitrogen adsorption-desorption isotherm diagram and (b) Pore diameter distribution 
of 0.5PbO-NG. (c) Nitrogen adsorption-desorption isotherm diagram and (d) Pore diameter 
distribution of 0.5CdO-NG.
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Figure S4. Absorption spectrum of PbO-NG, PbS-NG and CdS-NG.
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Figure S5. (a) Peak position and particle diameter of 0.5PbS-NG change with reaction time. (b) 
Peak position of 0.5CdS-NG change with reaction time.
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Figure S6. Experimental data and fitting results for particle sizes vs time by (a) OR model, (b) OA 
model and (c) Avrami equation
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Figure S7. (a) Nitrogen adsorption-desorption isotherm diagram and (b) Pore diameter distribution 
of 0.5PbO-NG and 0.5PbS-NG. (c) Nitrogen adsorption-desorption isotherm diagram and (d) Pore 
diameter distribution of 0.5CdO-NG and 0.5CdS-NG.
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Figure S8. Size distribution histogram of (a) PbS QDs and (b) CdS QDs in corresponding glasses.
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Figure S9. Pore diameter distribution and nitrogen adsorption-desorption isotherm diagram of 
PbO-NG with Al/Si ratio of (a) 1:99 (b)2:98 (c) 5:95 (d) 10:90 (e) 15:85. (f) PL peak position and 
glass pore size change with Al / Si ratio.
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Figure S10. (a) PL decay curves of PbS-NG 12 h with different doping concentration. (b) PL decay 
curves of CdS-NG 24 h with different doping concentration.
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Figure S11. PLQY of 0.3/0.5/1/3 CdS-NG.
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Figure S12. Pore diameter distribution of 0.3/0.5/1/3/5CdO-NG. 
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Figure S13. TEM images of 0.3/0.5/1/3/5CdS-NG.
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Figure S14. UV-vis absorption spectra of rose red dye solution under (a) CdS-NG, (b) CdO-NG, 
and (c) catalyst-free conditions at different reaction times
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Figure S15. Stability tests of CdS-NG for (a) 20-day PL intensity tracking in WLED, (b) Cyclic 
degradation curves of Rose Red dye and (c) Degradation rates over 5 cycles in phto-catalysis.
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Table S1. The summary of QDs in NG host in this work and literatures

Glass matrix

Glass 

preparation 

method

QD
QD Synthesis 

Method
Emission PLQY Life time

Interface 

interaction

Growth 

mechanism
Application Reference

CdO-Al2O3-

SiO2
Sol-gel CdS

One-step RT gas-

phase method
587-689 nm 25% 93-118 ns

chemical 

bonding
Y WLED/Photocatalysis This work

PbO-Al2O3-

SiO2
Sol-gel PbS

One-step RT gas-

phase method
1176-1356 nm / 363-805 ns

chemical 

bonding
Y / This work

Al2O3-SiO2 Sol-gel CsPbX3 CVD 450-650 nm 70% 5.05 ns
chemical 

bonding
Y WLED [1]

Al2O3-SiO2 Sol-gel CsPbX3
Two-step liquid 

phase method
420-630 nm / 34.25 ns / / LED sensor [2]

PbO-Al2O3-

SiO2
Sol-gel PbS

One-step liquid 

phase method
1250-1580 nm / 0.71-4.93 µs / /

Optical 

communication
[3]

Al2O3-SiO2 Sol-gel MAPbBr3
Two-step liquid 

phase method
450-770 nm 85% 4.3 ns

chemical 

bonding
Y LED gas sensor [4]

XO-Al2O3-SiO2 

(M= Pb, Cd, 

Zn, Ag)

Sol-gel

CsPbX3, CdS, 

CdSe, CdTe, 

PbS, PbSe, ZnS, 

AgInS2, Ag2S

One-step liquid 

phase method
380-1600 nm 82% 16-699 ns

chemical 

bonding
Y

3D printing photonic 

and optical devices
[5]

Al2O3-SiO2 Sol-gel Carbon dot
Sintering at 500 -700 

°C
500-550 nm 50.20% 548 ms

chemical 

bonding
/ Afterglow materials [6]

AlPO4 Sol-gel PbS
Impregnation 

method
1090-1350 nm / / / / Nonlinear optics [7]
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Glass matrix

Glass 

preparation 

method

QD
QD Synthesis 

Method
Spectrum PLQY Life time

Interface 

interaction

Growth 

mechanism
Application Reference

SiO2

Heat-

treatment 

induced 

phase 

separation

CsPbX3
Impregnation 

method
440-620 nm 28% 3.47 ns / / / [8]

CdO-SiO2 Sol-gel CdS
One-step RT gas-

phase method
/ / / / / / [9]
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Discussion on the Growth kinetics of QDs in NGs

In order to further investigate the growth kinetics of quantum dots (QDs) in nano-

confined glass matrix, various classical crystal growth kinetic models, including Oswald 

ripening (OR) [10], orientation attachment (OA) [10, 11] and Avrami equations [12-14], were 

applied to discuss the growth kinetics of QD in nano-confined glass matrix. OR, OA and 

Avrami equations as shown Equation 1, 2 and 3 were applied to fit the size growth of 

PbS QDs in glass pores. 

 (OR)                Equation 1𝐷𝑡
𝑛 ‒ 𝐷0

𝑛 = 𝑘1(𝑡 ‒ 𝑡0)

 (OA)                   Equation 2
𝐷𝑡 =

𝐷0(3 2𝑘2𝑡 + 1)

𝑘2𝑡 + 1

 (Avrami)              Equation 3

𝐷𝑡 ‒ 𝐷0

𝐷𝑚 ‒ 𝐷0
= 1 ‒ 𝑒

‒ 𝑘(𝑡 ‒ 𝑡0)

Where is the particle size at time ,  and are the initial size and time, n is 𝐷𝑡  𝑡 𝐷0 𝑡0 

an exponent relevant to the coarsening mechanism,  is the maximum diameter, 𝐷𝑚

and ,  and  are the rate constants.𝑘1 𝑘2 𝑘3

According to the fitting results in Fig. S5, OR and OA model have obvious 

deviations in describing the entire growth process of QDs, which is attributed to the 

following factors. Firstly, OR and OA model are kinetic models to describe inter-

particle coarsening that is the late stages of crystal growth or after phase 

transformation completes. Secondly, the OR model describes the dissolution of small 

particles and the deposition of large particles in the liquid or molten system, while the 

OA model emphasizes the orientation polymerization of nanocrystals along the crystal 

plane in the solution [1]. In contrast, our system is a gas-solid interface reaction, and 

the ions diffuse locally to generate quantum dots, and thus the growth mechanism is 

inconsistent with the OA and OR model hypothesis. 

It is interesting to discover Avrami equation could reflects growth kinetics of QDs 

in nano-confined glass pores as shown in Fig.S5c to describe the growth rate decays 

exponentially until saturation as the reaction proceeds. The Avrami Equation is a 
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fundamental kinetic model to describe the time-dependent transformation of a 

material from one phase to another, such as during crystallization from a melt or a 

glass. The model incorporates both nucleation (the formation of new stable particles) 

and growth (their subsequent expansion) into a single expression and provides crucial 

insight into the mechanism of the transformation, quantifying the fraction of the new 

phase induced by the solid reactions over time under isothermal conditions [3, 4]. The 

agreement between Avrami equation and QDs growth governed by the gas-solid 

diffusion process and limited by pore geometry indicates the possibility that Avrami 

model may be applied to quantitatively elaborate confined growth processes. The 

characteristic sigmoidal "S-shaped" curve in Avrami is highly consistent with the 

observed changes of quantum dot size and photoluminescence wavelength over time. 

However, further studies are necessary to verify this agreement and fully elucidate 

the mechanistic details of nanoconfined growth, such as pore structure effects and 

reactant transport dynamics.
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