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The detailed procedure of synthesis of silica spheres incorporating Au NPs
A tiny amount of ethanol solution of PMBA (1 mM) was injected to the aqueous suspension of Au NPs. The molar ratio of Au NPs and PMBA was 1: 0.00125, which was adjusted by changing PMBA concentration at a fixed concentration of Au NPs. After 30 min of stirring at room temperature, the PMBA-modified Au NPs were employed for the direct silica coating previously reported by our group.1 The aqueous suspension of the PMBA-modified Au NPs were added to an ethanolic solution of TEOS which was mixed for 15 min under stirring at 35°C. Ten minutes after the addition of the TEOS solution, an aqueous solution of NH3 was injected into the mixture. The concentrations of TEOS, NH3 and water were 5 mM, 400 mM and 10.9 M, respectively. The total reaction volume was 30 mL. Four hours after the injection of ammonia solution, the mixture was centrifuged twice using a dispersion medium of ethanol. In order to control the number of Au NPs incorporated into a silica sphere, the concentrations of Au NPs were adjusted from 0.31 mM to 0.42 mM in the reactant mixture with a volume of 30 mL. The concentration range of Au NPs was the initial concentrations of Au3+ in the synthesis reaction for Au NPs. 
[image: ]
Fig.S1 Synthesis procedure of (m-)Au@SiO2.

The detailed procedure of synthesis of silica spheres incorporating Au NPs

Table S1 Mass of each element in (m-)Au @SiO2 measured by ICP-MS.
	
	Si [mg/L]
	Au [mg/L]
	S [mg/L]

	(1) Au@SiO2
	341
	9.51
	37.9

	(2) m-Au@SiO2
	364
	13.2
	48.0

	(2) / (1)
	1.07
	1.38
	1.27



As shown in Table S1, little difference in Si concentration was measured between the two samples. The Au concentration measured from m-Au@SiO2 was 38% higher than that of Au@SiO2 particles. The molar ratio of Au NP concentration calculated by the initial concentrations of Au NPs in the particle synthesis was 1.33 (0.31 mM and 0.42 mM). The concentration of S was in accordance with that of PMBA added in the experiment.


[image: ]Liquid cell used in transmission electron microscopy (LCTEM)
Fig.S2 The schematic setup of the liquid cell used in transmission electron microscopy experiments. Top view (a) and cross-sectional view (b).

A liquid cell holder from Hummingbird Scientific (USA) was used for the LC-TEM experiments. Two silicon chips (one having a 500 nm spacer) with 50-nm-thick silicon nitride windows were used to confine the liquid and keep it separated from the vacuum of the electron microscope. The electron beam focused on the particle suspension through the silicon nitride window. The microscope was used in scanning transmission electron microscopy mode (STEM). An annular dark-field (ADF) detector (E.A. Fischione Instruments Inc., Model 3000, USA) was used to collect the electrons to generate the data. Image series were acquired with TEM imaging & analysis software (TIA). The data was acquired after 30 minutes of flowing pure water through the cell at 5 μl/min. The probe was scanned over 512x512 pixels, with a pixel dwell time of 3 μs. The pixel size was 3.16 nm. The probe current, measured via the fluorescent screen in vacuum, was approximately 30 pA. The electron dose rate was 900 electrons nm-2s-1. 

Details of the calculations for light-induced electric fields surrounding Au NPs incorporated into a hollow sphere

The electric fields on Au NPs excited by light were calculated with Maxwell’s equations (equation (1)) using COMSOL Multiphysics® version 5.3. 
	
	(1)


where  is the relative permeability,  is the electric field and  is the wavenumber of light ().  and  are the relative permittivity and permittivity of vacuum, respectively.  is the conductivity and  is the angular frequency.
Incident light was modelled as a plane wave directed in the  direction, with the electric field in the  direction. The electric field of the incident light was given by: 
	
	(2)


Here, the magnitude of an initial electric field  was given as equation (3).
	
	(3)


	To calculate optical properties of Au NPs, we employed the Poynting vector  which represents the directional energy flux (the energy transfer per unit area per unit time) of an electromagnetic field.  is given by equation (4).
	
	(4)


where  is the magnetic field. The relation between , , and  can be expressed as equation (5).
	
	(5)



The scattering boundary condition, that all the scattered light will be absorbed in the boundary walls was adapted. In the case of calculation for a cluster, Au NPs were arranged in the field with 1-nm apart as shown in Fig.S3. The physical properties of Au, SiO2, water as refractive indexes were taken from the material library of COMSOL Multiphysics®. 
[image: ]
Fig.S3 Dimension of an Au NP dimer incorporated into a hollow silica sphere.

[image: ]
Fig.S4 Electric field mappings between Au NPs induced by irradiation of light at 633 nm (a), and the intensity of the electric field at each position (b).


[image: ]Silica coated Au NPs synthesized at different Au NP concentrations
Fig.S5 TEM images of (m-)Au@SiO2 and the number distributions of Au NPs in a silica particle prepared at different Au NP concentrations 0.21 mM (a),0.35 mM (b) and 0.38 mM (c). All scale bars are 300 nm.



Raman peaks of PMBA observed in the presence of m-Au@hSiO2

Table S2 Raman peaks of PMBA acquired in the aqueous suspension of m-Au@hSiO2.
	Vibration mode
	Peak assignment [cm-1]

	
	References2,3
	m-Au@hSiO2

	CS+CC stretch combination
	1077
	1078

	COO- stretch
	1375
	1374

	Ring stretch
	1584
	1585



Electric fields induced between Au NPs in a hollow sphere by light
[image: ]
Fig.S6 Electric field mappings induced by irradiation of light at 633 nm. Hollow silica spheres incorporating Au NP monomer (a), trimer (b, c), and tetramer (d). 

[image: ]External electric field-assisted assembly of (m-)Au@hSiO2
Fig.S7 Optical microscope images of the aqueous suspensions of (m-)Au@hSiO2 taken in the center (left) and near the electrode (right) after field application for 10 min.
[image: ]

Fig.S8 UV-Vis spectra of measured under the field application at 50 V/mm of the aqueous suspension of Au@hSiO2 (a), and m-Au@hSiO2 (b). Photos of the suspensions before and after the field application for 10 min (c, d). Here, the spot of light in the UV-Vis spectrometer was focused on the center of the capillaries, and the focus was not changed during the measurement.

[image: ]Fig.S9 Electric field mappings between hollow silica spheres incorporating Au NP dimers induced by irradiation of light at 633 nm.
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