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[bookmark: _Toc201864131][bookmark: _Toc201864236][bookmark: _Toc202531319]Note S1: The preparation of polystyrene microsphere seeds
The polystyrene microsphere seed utilized in the experiment was synthesized by one-pot dispersion polymerization at 70 °C with 400 rpm on a magnetic stirrer. In detail, 0.2 g of APS served as the initiator, and 0.02 g of PVP was used as a steric stabilizer; they were added into the reactor, which consisted of 3 ml of DI water and 25 ml of ethanol. Subsequently, the APS and PVP were completely dissolved in the water-ethanol mixture by sonication at ambient conditions. Following this, 4.4 ml of styrene monomer was added to the reactor and sonicated to form a homogenous emulsion. Then, the mixtures in the flask were stirred at 400 rpm for 10 minutes at 20 ℃ and heated to 70 ℃. The reaction ran for 6 h and was quenched by placing the flask reactor in an ice bath. Finally, the PS seed microsphere was washed with ethanol three times, collected by centrifugation at 6000 rpm, and then placed in a 45 ℃ oven for 6 h to collect the PS seed microsphere powder. The preparation process of the polystyrene microsphere was depicted in Figure S1.
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[bookmark: _Toc201863980][bookmark: _Toc202624483]Figure S1 The fabrication of PS microspheres with dispersion polymerization.
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[bookmark: _Toc201863981][bookmark: _Toc202624484]Figure S2 The fabrication procedures of the spiral microreactor.
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[bookmark: _Toc201863982][bookmark: _Toc202624485]Figure S3 The fabrication of Ag-loaded PS microspheres in a water-ethanol mixture.
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[bookmark: _Toc201863983][bookmark: _Toc202624486]Figure S4 The morphology evolution behaviour of PS microsphere in water-ethanol mixture (v/v=1:8).
[bookmark: _Toc201864132][bookmark: _Toc201864237][bookmark: _Toc202531320]Note S2: Ag-loaded polystyrene microsphere in batch reactor
In traditional loading process, AgNO3 served as the metal precursor to functionalize the PS microsphere; specifically, the PS seeds were dispersed in the water-ethanol mixture containing metal precursor AgNO3 and steric stabilizer PVP at 70 C, the fabricated Ag-loaded PS microspheres went through a noticeable change, and the suspension solution color changed from light yellow to dark yellow (Figure S5g). The SEM characterization results indicated that the Ag nanoparticles were successfully loaded on the surface of the PS microspheres (Figure S5b). At the initial stage, only a small amount of Ag nanocrystals was embedded on the PS microsphere, and the loading capacity steadily increased as the reaction time continued to increase. The TEM images demonstrated that the PS microsphere kept a solid core even after 12 hours of dispersion reaction. The ICP-OES measurement results demonstrated that the Ag loading capacity can reach 2.0 wt% when the reaction time reaches up to 24 h.
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[bookmark: _Toc201863984][bookmark: _Toc202624487]Figure S5 The characterization results of Ag-PS. 
(a. t=30 mins; b. t=1 h; c. t=2 h; d. t=4 h; e. t=6 h; f. t=12 h; g. the color change of the Ag-PS suspension; h~i. the TEM characterization of the Ag-PS).
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[bookmark: _Toc201863985][bookmark: _Toc202624488]Figure S6 The fabricated Ag nanocrystals in the spiral microchannel. 
(a. the SEM image of the Ag nanocrystals with 1 μm scale bar; b. the SEM image of the Ag nanocrystals with 2 μm scale bar; c. the SEM image of the Ag nanocrystals with 5 μm scale bar; d. the figure of Ag-Ps product; e. the picture of the generated Ag nanoparticles; f. the size distribution of the Ag nanoparticles).
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[bookmark: _Toc201863986][bookmark: _Toc202624489]Figure S7 The fabricated bimetallic (Ag and Pt) hollow PS microsphere. 
(a. before introducing the Pt nanoparticle, b. after introducing the Pt nanoparticle)
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[bookmark: _Toc201863987][bookmark: _Toc202624490]Figure S8 The HRTEM of the Ag and Pt nanoparticles on the hollow PS microspheres. 
(a. HRTEM image of Pt nanoparticle, b. the lattice fringe of the Pt nanoparticles c. the average lattice fringe measurements of Pt nanoparticles; d. HRTEM image of Ag nanoparticle; e. the lattice fringe of the Ag nanoparticles; e. the average lattice fringe measurements of Ag nanoparticles)
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[bookmark: _Toc202624491]Figure S9 Continuous flow synthesis of Ag@OHPS in a spiral microreactor. 
(a~c. TEM images at different magnifications, d. SEM image of the Ag@OHPS (i), and EDS mapping results of the Ag@OHPS microspheres).
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[bookmark: _Toc202624492]Figure S10 Continuous flow synthesis of Ag-Au@OHPS in a spiral microreactor. 
(a~c. SEM images at different magnifications, d~F. TEM image of the Ag-Au@OHPS microspheres, and (g) EDS mapping characterization results of the Ag-Au@OHPS microspheres).
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[bookmark: _Toc202624493]Figure S11 Continuous flow synthesis of Ag-Pt@OHPS in a spiral microreactor. 
(a~c. SEM images at different magnifications, d~F. TEM image of the Ag@OHPS microspheres, and (g) EDS mapping characterization results of the Ag@OHPS microspheres).


[bookmark: _Toc201863471][bookmark: _Toc202624494]Table S1 Comparison of synthetic strategy between previously published work and this study
	Microparticles
	Seeds
	Reaction medium
	Surfactant
	Additive reagent
	Reaction condition
	Technology
	Refs

	Hollow PS
	PS
	Water-ethanol
	N/A
	N/A
	70 ℃, 2 h
	Swelling
	This work

	Hollow dimple PS
	PS
	Water-ethanol
	N/A
	N/A
	70 ℃, 30 mins
	Swelling
	This work

	Bowl-like PS
	PS
	Water-ethanol
	N/A
	N/A
	70 ℃, 1h
	Swelling
	This work

	Open hole PS
	HDPS
	Water-ethanol
	N/A
	Toluene 
	RT, 10 mins
	Swelling
	This work

	Porous PS
	PS
	N/A
	N/A
	fluorinated solvent
	-20 ℃
	UV irradiation
	[1]

	Sticky dimple PS
	PS
	Water-ethanol
	N/A
	Decane
	60 ℃
	Swelling
	[2]

	Concave polystyrene-Carbon
	PS
	Water-alcohol
	N/A
	Methanol, propanol, butanol, pentanol
	~180 ℃
	Swelling
	[3]

	Porous PS
	PS
	Water-ethanol
	N/A
	Toluene
	RT, 1h
	N/A
	[4]

	PS
“Walnut-like” PS
	PS
	N/A
	SDS
	Divinylbenzene
1-chlordecone
4-vinylbenzyl chloride
	
70 °C
	Interfacial polymerization
	[5]

	Pathy poly (St-NaSS) sphere
	PS
	Water-Methanol
	PVP, K-30
	Decane/EHMA monomer
	60 °C
	Phase separation
	[6]

	Microparticles
	Seeds
	Reaction medium
	Surfactant
	Additive reagent
	Reaction condition
	Technology
	Refs

	Multi-hollow PS
	Emulsion droplets
	Water
	SDS
	N/A
	70 °C
	N/A
	[7]

	Porous PMMA
	Emulsion droplets
	Water
	Sulfonated PS 
	Toluene
	65°C
	Pickering emulsion
	[8]

	PMMA/PS
	PMMA particle
	Water-Methanol
	Decalin 
	Styrene
	60 °C
	Phase separation
	[9]


Note: SDS: sodium dodecyl sulfate, RT: room temperature, PS: Polystyrene; PVP: poly(vinylpyrrolidone) 

[bookmark: _Toc202624495]Table S2 The reaction rate constant and activity parameters of various functional catalysts
	Support
	Noble metal nanoparticles
	Loading content
wt%
	Catalyst amount mg
	Reaction rate constant 10-3 s-1
	Activity parameters 103 s-1·g-1

	PS
	Ag 
	1.99%
	0.005 
	0.6
	120

	HPS
	Ag 
	3.0%
	0.005
	0.9
	180 

	OHPS
	Ag 
	4~5%
	0.005
	1.4
	280

	PS
	Ag-Pt 
	2.1%-6%
	0.005
	2.9
	580

	HPS
	Ag-Pt 
	6%-8%
	0.005
	3.6
	720

	OHPS
	Ag-Pt 
	7%-10%
	0.005
	3.8
	760 

	Support
	Noble metal nanoparticles
	Loading content
wt%
	Catalyst amount mg
	Reaction rate constant 10-3 s-1
	Activity parameters 103 s-1·g-1

	PS
	Ag-Au 
	2.03%-24%
	0.005
	1.09
	218

	HPS
	Ag-Au 
	3%-34%
	0.005
	1.97
	394

	OHPS
	Ag-Au 
	7%-33%
	0.005
	2.43
	486

	PS
	Ag
	N/A
	0.01
	0.5
	50

	PS
	Ag
	N/A
	0.015
	0.5
	33

	PS
	Ag
	N/A
	0.02
	0.5
	25

	HPS
	Ag
	N/A
	0.01
	1.1
	110

	HPS
	Ag
	N/A
	0.03
	1.7
	57

	HPS
	Ag
	N/A
	0.04
	2.2
	55

	HPS
	Ag
	N/A
	0.05
	2.3
	46

	OHPS
	Ag-Au
	N/A
	0.005
	2.4
	480

	OHPS
	Ag-Au
	N/A
	0.01
	5.5
	550

	OHPS
	Ag-Au
	N/A
	0.015
	5.4
	360

	Support
	Noble metal nanoparticles
	Loading content
wt%
	Catalyst amount mg
	Reaction rate constant 10-3 s-1
	Activity parameters 103 s-1·g-1

	OHPS
	Ag-Au
	N/A
	0.02
	5.7
	285

	OHPS
	Ag-Au
	N/A
	0.025
	6.9
	276

	OHPS
	Ag-Pt
	N/A
	0.005
	3.8
	760

	OHPS
	Ag-Pt
	N/A
	0.01
	4.2
	420

	OHPS
	Ag-Pt
	N/A
	0.015
	5
	330

	OHPS
	Ag-Pt
	N/A
	0.025
	17.3
	692

	OHPS
	Ag-Pt
	N/A
	0.05
	1.4
	28

	PS
	Ag-Au
	N/A
	0.005
	1.09
	218

	PS
	Ag-Au
	N/A
	0.015
	2.69
	179

	PS
	Ag-Au
	N/A
	0.025
	3.95
	158



[bookmark: _Toc201863472][bookmark: _Toc202624496]Table S3 Comparison of catalytic performance of previously published work with this study
	Catalyst
	Reaction model
	Catalyst amount mg
	Noble metal content (wt%)
	Initial 4NP concentration
	Reaction condition
	Reaction rate constant ×10-3 s- 1
	Time/ mins
	Catalytic activity/ s-1·g-1
	Refs

	Ag-PS
	4NP-4AP
	0.005
	1.99 %
	0.10 mM
	RT
	0.6
	54 
	120
	This work

	Ag-HPS
	4NP-4AP
	0.005
	3.0 %
	0.10 mM
	RT
	0.9
	48
	180
	This work

	Ag-OHPS
	4NP-4AP
	0.005
	4~5 %
	0.10 mM
	RT
	1.4
	36
	280
	This work

	Ag-Pt@PS
	4NP-4AP
	0.005
	2.1%-6%
	0.10 mM
	RT
	2.9
	14
	580
	This work

	Ag-Pt@HPS
	4NP-4AP
	0.005
	6%-8%
	0.10 mM
	RT
	3.6
	12
	720
	This work

	Ag-Pt@OHPS
	4NP-4AP
	0.005
	7%-10%
	0.10 mM
	RT
	3.8
	12
	760
	This work

	Ag-Au@PS
	4NP-4AP
	0.005
	2.03%-24%
	0.10 mM
	RT
	1.09
	22
	218
	This work

	Ag-Au@HPS
	4NP-4AP
	0.005
	3%-34%
	0.10 mM
	RT
	1.97
	20
	394
	This work

	Ag-Au@OHPS
	4NP-4AP
	0.005
	7%-33%
	0.10 mM
	RT
	2.4
	20
	480
	This work

	SiO2-Au
	4NP-4AP
	0.139
	1.33 ~1.97%
	0.12 mM
	N/A
	N/A
	30
	N/A
	[6]

	Porous PS-Ag
	4NP-4AP
	0.15
	N/A
	N/A
	RT
	5.79 
	10
	38.6
	[4]

	Porous PS-Ag-Pt 
	4NP-4AP
	0.15 
	N/A
	N/A
	RT
	7.14 
	10
	47.6
	[4]

	Hollow PS-Au-Ag 
	4NP-4AP
	0.0004 
	31.5%
	N/A
	RT
	2.14 
	20
	5350
	[10]

	Catalyst
	Reaction model
	Catalyst amount mg
	Noble metal content (wt%)
	Initial 4NP concentration
	Reaction condition
	Reaction rate constant 10-3 s- 1 
	Time
	Catalytic activity s-1·g-1
	Refs

	Hollow PS-Pt-Ag
	4NP-4AP
	0.0004
	68.5%
	N/A
	RT
	4.57 
	20
	11425
	[10]

	Hollow PS with a hole
	4NP-4AP
	0.12
	3.18%
	N/A
	RT
	1.74 
	20
	14.5
	[11]

	Cross-linked Au-PS NPs 
	4NP-4AP
	100
	N/A
	N/A
	RT
	0.12
	N/A
	0.12
	[12]

	Pd@Polyurethane
	4NP-4AP
	30
	0.33%
	0.10 mM
	RT
	82.67
	N/A
	2.76
	[13]

	Porous Pu/Pd NPs 1.0 mg
	4NP-4AP
	1.0
	N/A
	0.10 mM
	RT
	8.00 
	N/A
	8
	[14]

	Porous Cu-MOF 
	4NP-4AP
	N/A
	N/A
	0.10 mM
	RT
	2.7 
	16
	N/A
	[15]


Note: RT: room temperature; PS: Polystyrene
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