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Figure S1. TEM images of (a) Ag, (b) Ag@SiO2, (c) Ag@SiO2@Y,Yb,Er(OH)CO3, (d) 

Ag@SiO2@UC, (e) Ag@SiO2@UC@BFO and (f) SiO2@UC@BFO nanostructures.

Figure S2. EDX spectrum of the Ag@SiO2@UC@BFO-Au nanohybrids.
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Figure S3. UV-VIS absorption spectra of 50 mn Ag NPs obtained from simulations (upper) 

and experimental data (lower graph).

Figure S4. UV-VIS absorption spectrum of BFO.
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Figure S5. TEM image (a) of Au NPs and their UV-VIS absorption spectrum obtained 

experimentally (b) and by simulation (unit m-2) (c). The average diameter of the Au NPs is 

~20 nm. The SPR peak position of the Au NPs is located at ~ 524 nm.

Figure S6. FTIR (left) and 1H-NMR (right) spectra of AAS monomer, photo and thermal 

synthesized PAAS. The complex peaks at 500-1700 cm-1 assigned to AAS monomer became 

unnoticeable after the  reaction, indicating a polymerization. The NMR spectrum of SA shows 

typical resonance signals of terminal vinyl protons (CH2=CH–) of acryloyl groups (chemical 

shift at ~5.70 – 6.30 ppm). After polymerization, the signals of vinyl protons disappeared, 

indicating a successful polymerization.
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Figure S7. (a) Photo-polymerization conversion ratio as a function of irradiation time. (b) 

Photo-polymerization of AAS under VIS light using Ag@SiO2@UC@BFO-Au and the 

mixture of Ag, UC, BFO and Au as the initiator. (c) Au loading effect on the efficiency of 

photo-polymerization under VIS (6 h) and NIR (12 h) irradiation.

Figure S8. ESR spectrum of the Ag@SiO2@UC@BFO-Au nanohybrids with DMPO in 

darkness (lower) and VIS light irradiation for 10 min (upper). Red triangle marks the signal 

for OH• radicals.

Figure S9. Simulation results of absorption and scattering spectra of the 50 nm Ag NPs, 

where the strong light scattering of the NP (comparable to the absorption) is evidenced.
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Figure S10. IPCE spectra of Ag@SiO2@UC@BFO before (black) and after Au decoration 

(red).

Table S1. The key elemental content of the Ag@SiO2@UC@BFO-Au sample was analyzed 

using ICP-OES technique to 1 mg of sample. The measurement was repeated for 3 times, the 

mean valuses and standard deviation are listed (unit: mg). These results indicate that the 

quantity of the key components in the hybrid matches well with those in their precursor 

during synthesis.

Element Au Fe Bi Ag Y
Content 

Determination 0.045 ± 0.020 0.032 ± 0.007 0.096 ± 0.010 0.152 ± 0.017 0.469 ± 0.090

2. Simulation Details

Electromagnetic simulations in this study were conducted by using the Finite Element Method 

based software – COMSOL Multiphysics, optics module [1]. As shown in Figure S11, the 

starting geometry was composed of a silver nanoparticle with the size of 50-nm enclosed in a 

20-nm thick silica shell, then further covered by a Y2O3 layer of 10 nm and a subsequent 10-

nm layer of BiFeO3 (BFO). On the BFO surface, twelve gold nanoparticles (20-nm diameter) 

were evenly distributed following a regular icosahedron distribution, with each sphere having 

a single contact point to the surface of the BFO shell. This stratified structure was then 

submerged in a cube of water with perfectly matched layers covering all external boundaries 

to truncate the calculation domain while avoiding spurious reflections. For the illumination 

condition, a plane wave was sent from the positive direction of z-axis (see the coordinates in 

Figure S11) with polarization set along the x-axis. Thus, by considering the incident wave 

polarization and the y-z plane symmetry, we cut the entire model in half to reduce the total 
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computation time, in which a perfect electric conductor boundary condition was applied on 

the y-z plane for mirroring the model. In addition, for simulations of nanohybrids without 

gold nanoparticles, the model also had an x-z plane symmetry. Therefore, we could use a 

perfect magnetic conductor boundary condition to further reduce the model as a quarter of the 

original. The optical properties used for this simulation were taken from the following 

references:  Ag [2], Au [2], BFO [3], H2O [4], SiO2 [5] and Y2O3 [6]. Notice that for the Y2O3 

layer, Er/Yb doping was not considered in the electromagnetic simulations.

In the simulations, it is possible to investigate and extract separately light absorption in the 

different elements composing the hybrid structure. The absorption contributions of different 

parts of the nanohybrid are shown in Figure S12-a. For a comparison purpose, we also 

simulated the exact same structure but replaced the Ag core with the background water, and 

the corresponding absorption results are shown in Figure S12-b. The overall absorption of the 

other elements is slightly increased by the presence of the Ag core. 

Fi

a) b)

gure S11. (a,b) Three-dimensional sketch of the simulated structure. Particles/shells sizes are 
shown in the y-z plane cross section.

Figure S12. (a) Absorption cross sections for different elements in the same nanohybrid. (b) 

The same investigation for a structure in which the Ag core has been substituted with water.  
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