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Fig. S1 Photocatalytic H2O: yield of ZnCdS with different ratios of Zn and Cd.
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Fig. S2 Effect of different sizes of ZnCdS@PDA on photocatalytic production of H2O> (light
reaction for one hour).
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Fig. S3 XRD patterns of ZIF-8 (a), ZnS, CdS, ZnCdS, and ZnCdS@PDA (b).
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Fig. S4 Thermogravimetry analysis (TGA) curves for ZnCdS and ZnCdS@PDA in air.
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Fig. S5 Adsorption-desorption isotherms (inset: pore size distribution) of ZnCdS and ZnCdS@PDA.
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Fig. S6 (a) Wide-scan survey XPS spectrum of ZnCdS@PDA, and (b-d) high-resolution XPS

spectra of (b) Cls, (c) Pyrrolic N, (d) Ols for ZnCdS@PDA.
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Fig. S7 Raman spectra of the ZnS and ZnCdS.
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Fig. S8 (a) UV-vis diffuse reflection spectra and (b) Tauc plots of ZnS, ZnCdS, and

ZnCdS@PDA.
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Fig. S9 Mott-Schottky plots of ZnS (a), ZnCdS (b), and ZnCdS@PDA (c).
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Fig. S10 (a) Photocatalytic H>O> production by ZnCdS and ZnCdS@PDA-X (X =5, 10, 15 and 20),

(b) concentration of H>O» production for ZnCdS and ZnCdS@PDA under different pH conditions.
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Fig. S11 H20: yield of ZnCdS@PDA in bulk solution



Fig. S12 SEM images for ZnCdS@PDA-p.

Fig. S13 Image of the contact angle between (a) ZnCdS@PDA and (b) ZnCdS@PDA-p.



Fig. S14 Contact angle image of a hydrophobic glass panel.
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Fig. S15 Dispersion stability of ZnCdS@PDA in bulk (a) and microdroplets (b).
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Fig. S16 (a) Microscopic and (b) contact angle images of the stability of microdroplets after a period

of time.
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Fig. S17 Recycle experiment of ZnCdS@PDA.
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Fig. S18 Zeta potential (a) and ICP (b) comparison data for ZnCdS and ZnCdS@PDA.
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Table 1 Atomic percentages of ZnS and ZnCdS calculated using XPS

Atomic %< S Zn< Cde | S:(Zn+Cd)©
ZnS< 48.54¢ 51.46¢ 0 0.94: 1
InCdS+ 48.03¢ 30.38¢ 21.59< 0.92: 1<
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EXPERIMENTAL SECTION
Bulk phase photocatalytic H202 production

The bulk phase photocatalytic activity was tested by a 100 W Xenon lamp with a 420 nm filter.
The irradiated surface area is 4.23 x 10~ m?. For a typical reaction, 20 mg catalyst was dispersed in
20 mL deionized water (pH = 7) to form a reaction suspension. The suspension was stirred and purged
with O> for 0.5 h before irradiation. The hydrogen peroxide concentration was analyzed via iodometric

titration method.

Preparation of superhydrophobic substrate

Prepare a n-hexane solution of 2.5 wt% polydimethylsiloxane, wherein the polydimethylsiloxane
prepolymer is in a mass ratio of 10:1 to the curing agent, then mix it well and set aside (1). The
superhydrophobic glass pane (thickness 2 mm, diameter 3 cm) was prepared by submersing the pre-

cleaned glass pane into the as-prepared suspensions, and then dried under 120 °C for 4 h.

Microdroplets generation and photocatalytic H2O2 production

For comparison with bulk phase photocatalytic activity, 2 mg ZCS-PDA catalyst was dispersed
in 2 mL deionized water (pH = 7) to form a microdroplet precursor solution through ultrasonic
treatment 2 h. A volume of microdroplet precursor solution (2, 1, and 0.5 uL) was pipetted onto an
ultra-hydrophobic glass plate to form an array of microdroplets. To make it easier, an ultra-fine spray
bottle was applied to generate a large number of smaller microdroplets with air as the nebulizing gas
under constant gas pressure, and then microdroplets were sprayed on a prepared superhydrophobic
glass sheet.
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The microdroplet photocatalysis was performed through placing the generated microdroplets in
an airtight custom-designed environmental chamber under high relative humidity conditions. The
reaction temperature was maintained at room temperature by using a circulating condensed water
around the reaction chamber. The high-humidity gas flow was obtained by passing the fresh O> through
a bottle containing 80 vol% deionized water. Before the photocatalytic experiment started, the closed
chamber was first energized with high humidity O> for 30 min to maintain a sufficient oxygen
atmosphere and to ensure a constant microdroplets size. After the pre-designed irradiation time, the
microdroplets were gathered and quantificationally diluted using deionized water for H>O»

determination. The hydrogen peroxide concentration was analyzed via iodometric titration method.

Characterization of catalyst

Morphology of the photocatalysts were characterized by a field emission scanning electron
microscope (SEM, S4800, Hitachi Co., Japan) and transmission electron microscope (TEM, 2100F,
JEOL Co., Japan). Characterization of photocatalysts with Powder Xray diffraction (XRD) patterns
collected on D8 advanced Diffractmeter (Bruker Co., Germany) using Cu-Ka radiation (A = 0.1542
nm), X-ray photoelectron spectroscopy (XPS, ESCALAB 250 Xi, Thermo Electron Co., America),
electron spin resonance (ESR, ER200-SRC, Bruker Co., Germany), Fourier transform infrared
spectroscopy (FTIR, PerkinElmer Co., America). Photoluminescence (PL) spectra of the samples were
collected on a fluorescence spectrometer (RF-5301PC, SHIMADZU, Japan). Mott-Schottky plot,
electrochemical impedance spectroscopy (EIS), and time-resolved photocurrent were carried out on a
computer-controlled electrochemical workstation (CHI 660D, Shanghai ChenHua Instruments Co.,
China) in a threeelectrode configuration with the as-prepared materials (3 mg) on fluorine-doped tin
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oxide (FTO, 2 X 2 cm?) as the working electrode, the Pt wire as the counter electrode, the Ag/AgCl
as the reference electrode, and 0.10 M Na>SOs as electrolyte. UV-vis diffuse reflectance spectra (DRS)
were performed with UV—Vis DRS (UV2550, Shimadzu, UV-2600). Adsorption amount of the

samples was collected on a programmed temperature rise chemisorption analyzer (BELCAT-A, Japan).

Characterization of microdroplets

The contact angle of microdroplets and hydrophobic glass plate were measured using an optical
contact angle meter (Kruss DSA100, Germany). Size of microdroplets were observed using an optical
microscope. Raman spectra were obtained with an Renishaw in Via Raman spectrometer (Renishaw
Trading Co., Ltd). Microdroplets containing 4 M NaSCN and 500 pL of as synthesized Au
nanoparticles suspension were used for interfacial electric field measurements at low temperature and
high humidity. The Raman spectra was measured for 2 times at a wavelength of 532 nm, with a laser
power of 2.5 mW. The electric field strength (E) is calculated from the following conversion equation
(eq. S1) (2):

E = (Av(C = N)/0.36) X 106 [(V/em)/cm"'] (eg. S1)

where Av(C=N) is the difference value of detected Raman shift of v(C=N) between microdroplet

interior and air-water interface.

Determination of solar-to-chemical conversion (SCC) efficiency
The free energy for H>O> formation:
1 o
H20 + 502 g H202 (AG = 117 k] mol_l)
The total input energy:
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Egolar (W) = irradiance (W m™2) X irradiated area (m?) (eq. S2)

The determination of SCC:

[AG for H,0, generation (J mol~1)] x [H,0, fromed (mol)]
[total input energy (W)] x [reaction time (s)]

SCC efficiency (%) =

(eq. S3)
According to eq. S3, the free energy for HO, generation is 117 kJ-mol™. The irradiance of simulated

solar source is 100 mW-cm2, while the irradiated area is 4.23 x 107 m>.

Determination of diffusion coefficient (D /rg) of O2
The diffusion coefficient (D /7¢) of Oz can be calculated according to the following formula:

% = % % (eq. S4)
where Q;, Q. and Q, are the amounts adsorbed at time t, at time of sorption equilibrium and at
time t = 0, respectively.

Assuming that O, diffusion of the catalyst follows Fick's law and using the linear form of this equation

to investigate the O» diffusion coefficient on the catalysts (3).

The test method of electron transfer number (n)

The electron transfer number (n) can be calculated according to the following formula:

4]
n=—2=
Id+1.,-/N

(eq. S5)
Where 1, and I, represent the current of disk and ring, respectively. N is the rotating disk-ring electrode

(RRDE) collection efficiency. The averaged collection efficiency N is 0.37.
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