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SI.1.  Materials, experiments and methods 

 Materials and characterizations 

All commercial materials were used as received unless specified. All aqueous solutions were prepared 

using deionized water in air. X-ray diffraction (XRD) patterns for the catalysts were recorded using a 

Bruker D8 X-ray diffractometer with the Cu-Kα (λ =1.5406 Å) radiation source operating at 40 kV and 40 

mA. The nanostructure and composition of silver nanoplates, Ag nanoplates and Pd-Ag catalysts were 

characterized by TEM, high-resolution TEM (HRTEM), high-angle annular dark-field scanning 

transmission electron microscopy (HADDF-STEM) and EDX (EDAS) (200kV, Tecnai G2 F20 S-TWIN; 

FEI) at CAS-Platform for Characterization & Test in Suzhou Institute of Nano-tech and Nano-bionics. 

 

 Synthesis of Ag nanoplate  

An aqueous solution of silver nitrate (Aladdin, 99.8%) (50 mM, 5 mL) and tri-sodium citrate 

(Sinopharm Chemical Reagent Co., Ltd) (75 mM, 50 mL) were added into 1930 mL pure water with 

vigorously stir at room temperature. Then sodium borohydride (Sinopharm Chemical Reagent Co., Ltd, 

96%) (NaBH4, 0.1 M, 25 mL) was rapidly injected into the mixture, followed by injecting H2O2 

(Sinopharm Chemical Reagent Co., Ltd) (30 wt%, 5.5 mL) drop by drop. In the next several minutes, the 

solution color changed from yellow to blue indicating the morphology changed from sphere to nanoplate. 

The resulting solution was kept stirring for 4 hours at room temperature. 

 

 Synthesis of Pd-Ag nanoplate catalyst 

Firstly, ascorbic acid (Amresco) (AA, 80 mM, 5 mL) as the reductant and 10 mM PdCl2 (Sinopharm 

Chemical Reagent Co., Ltd) as the Pd source were successively injected into 330 mL Ag nanoplates 

solution, which was heating at 40 ℃ in a water bath for 2 hours. Then the well dispersed Pd-Ag nanoplate 

catalyst was ready for single nanoparticle catalysis research. If the Pd-Ag nanoplate catalyst is used for 

ensemble experiment, the resulting solution will be poured into 200 mL suspension (Vethanol:Vwater = 1:1) 

with 80 mg Vulcan XC-72 carbon black (Cabot Co.). Finally, the suspension was filtered and washed with 

distilled water, and then dried in oven at 60 °C overnight. Different amount of Pd was added into the 

solution during the synthesis of Pd-Ag nanoplate with different Pd content. 

 

 Measurement of HCOOH dehydrogenation reaction in ensemble reaction 

To measure the HCOOH (Sinopharm Chemical Reagent Co., Ltd, 98%) dehydrogenation reaction, 10 

mg catalyst was added into 5 mL solution with different concentrations of formic acid. The concentration 

includes 0.50, 1.00, 1.67, 2.00 and 3.00 M. The reactant solution also contains a certain concentration of 

sodium formate, which is always a half of the concentration of formic acid. The reaction temperature was 

controlled at 19 °C by a thermostat bath. The product gas was collected by a burette, and was monitored by 

a camera. The reaction condition for ensemble experiment was carefully controlled according to the single 

nanoparticle experiment.  
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Through the measurement, we can get the reaction rate by measuring the volume change of product 

gases, i.e. H2 and CO2. Because the amount of Ag and the average size of Pd-Ag nanoplate were all known 

from above description, the number of Pd-Ag nanoplate can be calculated. Then we can calculate the 

activity per nanoplate, which is the average number of reaction per second on a single Pd-Ag nanoplate r (s-

1).  

During the whole reaction time ~4500 s, less than 15 mL gas (H2 + CO2) was generated in any FA 

concentration. According to the reaction (1), we calculate the cost of FA during the whole reaction (Table 

S1). The table shows that the change of FA concentration after reaction is always less than 6.2%. Therefore, 

the change of reaction rate cannot be due to the change of FA concentration. 

 

Table S1. Change of FA concentration after 4500 s of reaction in ensemble experiment 

FA concentration 

(mol/L) 

Volume of gas 

(mL) 

FA concentration change 

after reaction 

(mol/L) 

Relative change of FA 

concentration after reaction 

(%) 

0.50 6.9 0.0308 6.2 

1.00 8.4 0.0375 3.8 

1.67 10.1 0.0451 2.7 

2.00 9.5 0.0424 2.1 

3.00 8.7 0.0388 1.3 

 

 Dark-field imaging of single Pd-Ag nanoplates and single Pd-Ag nanoplate catalysis 

Dark-field measurements were performed using an Olympus IX71 microscope. The single Pd-Ag 

nanoplates were illuminated by Cold White Collimated LED (MCWHL2-C1) lamp source for Olympus BX 

& IX focused through an Olympus U-DCW NA1.2-1.4 oil immersion dark field condenser. The scattering 

signal was collected by a 60X NA1.2 water-immersion objective, and detected by an ANDOR Ixon DU-

897D-CS0-#BV EMCCD camera operated at 50 ms frame rate. The data was recorded as movies for further 

data analysis. In order to correct the unavoidable stage drifting in nanometer accuracy,1-3 some constant 

bright spots were used as markers to accurately localize the location on single nanoplates.  

To immobilize Pd-Ag nanoplates on the glass slide, 20 μL Pd-Ag nanoplates were first dispersed in 60 

μL ethanol by sonication. 3 μL of this solution was drop-casted onto a clean glass slide (Henghao, China) 

for only one time, and dried in air at room temperature.  

We dropped 5 μL reactant solution onto the glass slide with immobilized Pd-Ag nanoplates. 

Immediately, a borosilicate coverslip (Citoglas, China) was covered on the glass slide, and the glass slide 

was then assembled into dark-field microscope for imaging experiments. All dark-field imaging 
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experiments were carried out at room temperature with 0.50, 1.00, 1.67, 2.00 and 3.00 M HCOOH 

(Sinopharm Chemical Reagent Co., Ltd, 98%). The ratio of HCOOH and HCOONa (FS) is FA:SF = 2:1. 

The reactant solution contained 107.6 mM sodium dodecyl sulfate ( SDS). 

The size of the cover slip in this research is 50 mm × 24 mm. When we used such cover slip to cover 

the reaction solution, the solution could fill the whole space between the cover slip and slide. Therefore, the 

depth of the chamber is 4.2 μm. Comparing with the thickness of Pd-Ag nanoplate (~6.2 nm), the depth 4.2 

μm of the chamber is large enough. 

In single nanoparticle experiment here, the reactant solution is only 5 μL and steady (Figure S5c), and 

the Pd-Ag nanoplates are only from 3 μL of 80 μL diluted solution. Therefore, the volume ratio between the 

solution containing Pd-Ag nanoplates and the reactant solution is up to 1:6.7. Comparing to the ensemble 

experiment, the volume ratio is only 1:0.12. According to Table S1 for ensemble experiment, we can 

conclude that the change of FA concentration after reaction in single nanoparticle experiment will be 

always less than 0.11%. So the change of reaction rate cannot be due to the change of FA concentration in 

single nanoparticle experiment.  

The movies were analyzed to extract out the scattering intensity trajectories from localized scattering 

spots individually across the entire movie. The waiting times were extracted from the trajectories via 

threshold analysis and statistically analyzed. Since the baselines of the trajectories is not flat, the baselines 

of the trajectories were usually corrected to flat first. 

 

 Measurement of surface tension of formic acid solution  

The surface tensions of formic acid solutions were measured by Wilhelmy plate method using a Texa-

500 interfacial tension apparatus (USA). The concentration of formic acid included 0.50, 1.00, 1.67. 2.00 

and 3.00 M. The mole ratio of formic acid to sodium formate was controlled at 2:1. The volume of mixed 

solutions to be measured was no less than 50 mL. The solution also includes 40 mg/mL SDS. All 

experiments were carried out at room temperature. 

 

 Measurement of contact angle at different concentrations of formic acid 

Different concentrations of formic acid/sodium formate mixed solutions were taken as probe liquids to 

determinate the contact angles using a SL150L optical contact angle & interface tension meter. The 

experiments were carried out at room temperature. The glass slide was located on the sample holder and 

test liquid was placed on the glass slide using a syringe. And then a drop of the mixed solution on the 

surface of glass slide was imaged using the high-resolution camera on an optical tension meter. The image 

was then analyzed to determine the static contact angle. 
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 SEM and EDX measurement  

The Pd and Ag contents in single nanoparticles was measured by the energy dispersive X-ray 

spectroscopy (EDX, EDAX APOLLO 10SDD), coupled with FE-SEM (QUANTA FEG 250). In this 

investigation, the single nanoparticles were bombarded with high-energy X-ray stimulated by high beam 

energy of 20 kV. 

 

SI.2.  Mathematic model to describe the relationship between the r and<τnucleation>-1 

Previous literatures have presented relationship between gas concentration and the rate J (s−1) of 

heterogeneous nucleation of bubbles from a supersaturated solution on a surface,4, 5 
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where A (s−1) can be treated as constant, γ (N m-1) is the liquid surface tension, Φ is a function of the 

contact angle, θ is the contact angle equalling macroscopic contact angle of solution,6 σ is the 

supersaturation of the gas in the liquid, 

1/  scc            (S2) 

)cos2()cos1(50.2)( 2          (S3) 

 where c and cs are the concentration and saturation concentration of the gas at a given pressure, 

respectively, and P′ is the applied pressure at which nucleation takes place.  

In this paper, nanobubbles nucleate on the Pd-Ag nanoplate, and then break. If we count enough number 

of nanobubbles, the turnover rate of nanobubble (<τnucleation>-1) can be used to describe the rate J (s−1) of 

heterogeneous nucleation of bubbles, i.e.  

1 nucleationJ           (S4) 

Since CO2 has much higher solubility than H2, the gas in nanobubble will be mainly H2. If we assume 

the concentration of gas (H2) is proportional to the reaction rate of FA dehydrogenation on a single 

nanoplate, i.e. 
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then the turnover rate of nanobubble is 
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and the supersaturation of the gas in the liquid is 
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In this paper, we define the intercept on the horizontal axis of the tangent lines at the inflection point as the 

critical value of activity (rcritical). According to Equation (S6), the rcritical will be, 
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r scritical          (S8) 

Combine Equation (S7) and (S8), we can get the critical value of supersaturation for the generation of 

nanobubble. 
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We may consider the disappearance of volume in the following way: 

1. In bulk solution, the rate of nucleation is a measure of the bubbles formed per volume per time.  

2. On a solid surface, it is difficult to calculate the volume of a surface because the thickness of a surface 

is infinitely thin. Then, the unit of volume will turn to the unit of surface area when we calculate the 

nucleation rate. Therefore, the rate of nucleation is a measure of the bubbles formed per surface area 

per time.4, 5  

3. On single nanoparticle, the unit of volume will consequently turn to the unit of nanoparticle count. Then, 

we think the rate of nucleation can be a measure of the bubbles formed per particle per time.  

 

According to Equation (S1), the differences for these three situations are the unit of pre-exponential 

(A). 
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SI.3.  Figure S1 

 

Figure S1. Thickness of as-synthesized Pd-Ag nanoplate catalysts measured by TEM. The average 

thickness is 6.2±1.1 nm. 

 

 

SI.4.  Figure S2 

 

Figure S2. XRD measurements of Ag nanoplate, Pd nanoparticle, and Pd-Ag nanoplate at nPd:nAg = 1:1. 
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SI.5.  Figure S3 

 

Figure S3. EDX measurement of Pd-Ag nanoplate at nPd:nAg = 1:1 during TEM measurements.  

 

 

SI.6.  Figure S4 

 

Figure S4. XPS spectra of Pd and Ag for Pd-Ag nanoplate catalysts. (a) Pd 3d. (b) Ag 3d. 
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SI.7.  Figure S5 

 

Figure S5. (a) Wide-field dark-field image of single Pd-Ag nanoplates immobilized on a glass slide, and (b) 

its corresponding SEM image. The scale bars in the insets are 100 nm. (c) Scheme of microfluidic reactor. 

The reactant solution is only 5 μL, and is steady during the reaction. 
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SI.8.  FDTD simulation of the light scattering of silver nanoplate and nanobubble 

We simulated the scattering of silver nanoplate and bubble by the FDTD simulation. The nanoplate and 

bubble on the glass were irradiated with a vertical light. The light was a plane wave with the wavelength 

from 400 to 700 nm. The bubble contains a silver nanoplate with 90 nm edge length and 8 nm thickness. 

The bubble is an ellipsoid with varying height and width (Figure S6). The silver nanoplate was absorbed on 

the surface of glass and surrounded by water. Then we can get the average cross section of the silver and 

nanobubble under these wavelengths. We calculate the scattering cross section of silver nanoplate and 

nanobubble with different sizes by FDTD simulation. The scattering intensity of silver nanoplate and 

nanobubble is proportional to its scattering cross section.  

We calculate the scattering of separate bubble and bubble containing silver nanoplate, respectively. 

When the height (h) and width (R) of nanobubble increased, the scattering cross section will increase 

(Figure S6). The increasing scattering cross section indicates higher scattered light energy, and stronger 

scattering intensity. 

 

Figure S6. Effect of the dimension of nanobubble on the scattering cross section of bubble and silver 

nanoplate. (a) Effect of the height of nanobubble on the scattering cross section. (b) Effect of the width of 

nanobubble on the scattering cross section. Blue curve belongs to the total scattering of nanoplate and 

bubble. Orange curve belongs to the total scattering of separate bubble.  
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SI.9.  Typical trajectory examples for nanobubble generation on single Pd-Ag nanoplates 

 

Figure S7. Examples of the scattering intensity versus time trajectory for the evolution of nanobubbles on 

single Pd-Ag nanoplates in 1.67 M of FA and 107.6 mM of sodium dodecyl sulfate (SDS). The big red 

arrow in (a) points the segment appearing in Figure 1e. The insert in (a) shows the scattering intensity 

versus time trajectory in both scattered and curve styles.  
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SI.10.  Control experiments 

1. No nanobubble was detected on single Pd-Ag nanoplates in pure water (without HCOOH and SDS) 

 

Figure S8. Examples of the scattering intensity versus time trajectory on single Pd-Ag nanoplates in pure 

water and without HCOOH. No nanobubble was detected. Therefore, HCOOH is necessary for the 

formation of nanobubbles. 
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2. No nanobubble was detected on single Pd-Ag nanoplates in HCOOH without SDS 

 

Figure S9. Examples of the scattering intensity versus time trajectory on single Pd-Ag nanoplates in 1.67 

M HCOOH and without SDS. No nanobubble was detected. Therefore, SDS is necessary for the formation 

of nanobubbles. 
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3. No nanobubble was detected on single Pd-Ag nanoplates in SDS without HCOOH 

 

Figure S10. Examples of the scattering intensity versus time trajectory on single Pd-Ag nanoplates in 107.6 

mM SDS and without HCOOH. No nanobubble was detected. Therefore, HCOOH is necessary for the 

formation of nanobubbles. 
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4. No nanobubble was generated in bulk reactant solution. 

 

Figure S11. Examples of the scattering intensity versus time trajectory on blank area during the reaction at 

1.67 M of HCOOH and 107.6 mM SDS. No nanobubble was detected. 

 

Figure S11 shows that the light intensity at the blank area (without Pd-Ag nanoplate) doesn’t change 

with time during the reaction. This result may come from two possible reasons. One is absence of 

nanobubble generated in reactant solution, and another is the fast diffusion of nanobubble.  
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Here, we will find that the diffusion of nanobubble is slow enough to be detected by our camera. The 

diffusion coefficient of hydrogen in water is 2.5×10-9 m2/s.7 Generally, the size of nanobubble can reach 

100 nm in diameter.8-10 Single nanobubble can contain about 1.3×104 hydrogen molecules. The diffusion 

coefficient of hydrogen nanobubble can be calculated by, 

r

kT
D

6
          (S10) 

Where k is the Boltzmann constant, T is the temperature, η is the viscosity of the liquid the particles 

diffuse in, and r is the particle radius. So the diffusion coefficient of hydrogen nanobubble is about 4.3×10-

12 m2/s. The diffusion length of nanobubble can be calculated by, 

 Dtdx 2          (S11) 

Since the time resolution of our camera is 0.05 s, the diffusion length of nanobubble will be 0.93 μm. 

The intensity trajectories were extracted from the locations with 1.9 × 1.9 μm in the movie. Therefore, our 

camera can track the moving of nanobubble when it is diffusing through the locations which we are 

monitoring. We can conclude that the diffusion of nanobubble is not the reason for the no change of the 

light intensity at the blank area (without Pd-Ag nanoplate) during the reaction. 

On the other hand, we calculate the supersaturation of H2 in the reactant solution after the reaction. The 

Pd-Ag nanoplates in single nanoplate experiment are only from 3 μL of 80 μL diluted solution. They will 

generate 0.81-1.15 μL hydrogen gas during about 4500 s reaction in 5 μL reactant solution. The 

supersaturation of H2 is 8.89-12.7 at the end of reaction if all generated gas is in solution. But our reaction 

cell is open to air, and the hydrogen and diffuse to air from the edge of cell. Hence, the supersaturation of 

H2 will be much lower than 8.89-12.7. Furthermore, at the end of reaction, no nanobubble is detected both 

in solution and on single Pd-Ag nanoplates. Especially, the supersaturation of H2 is very low at the 

beginning of reaction, but the turnover rate of nanobubble is very high. Therefore, above analysis further 

prove that the solution has no (or very low) ability to form nanobubble. The nanobubbles on single Pd-Ag 

nanoplates are indeed from the gas generated reaction. 

Therefore, no nanobubble is generated in reactant solution. 

 

5. The nanobubble on single Pd-Ag nanoplate is not from solution either. 

Since no nanobubble is generated in reactant solution, consequently, the nanobubble on single Pd-

Ag nanoplate is not from solution either. 

 

6. Incident light is not strong enough to generate nanobubble 

In this research, the intensity of incident light (0.4 W/m2) is too low to generate vapor nanobubble, 

since the incident light intensity threshold for vapor nanobubble generation is about 2.5×1010 W/m2.11  
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SI.11.  Average time of high state 

 

 

Figure S12. Average time of high state (<τhigh>) versus time at different FA concentrations.  

 

The waiting time of high state (τhigh) is actually the life time of nanobubble, which is related to the 

stability of nanobubble (Figure 1e). Longer τhigh means higher stability of nanobubble. Figure S12 shows 

the variation of average waiting time of high state (<τhigh>, which is from many nanobubbles and many Pd-

Ag nanoplates. The notation < > means “average”.) under different FA concentrations during FA 

dehydrogenation reaction. The <τhigh> is less than 3 s, which is much shorter than the life time of 

nanobubble (up to hours) in literatures.8, 9, 12, 13 Such shorter life time in this research is due to unstable 

condition. However, the <τhigh> usually shows a peak under each FA concentration in Figure S12. 

Especially at 1.67 M of FA, the <τhigh> can reach 2.4 s indicating a long-life time of nanobubble. 

The peak of <τhigh> in Figure S12 is possibly due to competition of two factors, one is the disturbance 

of continuously generated gas, another is the supply of gas. At the beginning of reaction, the reaction rate is 

fast, and disturbance of gas from reaction is strong. Consequently, the existed nanobubble is perturbed so 

strongly by the continuously generated gas that it becomes easy to break. So the life time of nanobubble is 

shorter at the beginning. With the reaction going on, the reaction rate decreases, and disturbance of gas 

becomes weaker. The life time of nanobubble becomes longer and longer. However, the stability of 

nanobubble is a dynamic process.14, 15 The existence of nanobubble needs the supply of gas from the 

catalysis. But the supply of gas becomes less and less with the decrease of catalytic activity. The life time 

will drop when the catalytic reaction becomes too slow. Therefore, we usually see a peak of <τhigh> at each 

FA concentration in Figure S12. 
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SI.12.  active and non-active fraction of nanoplates 

 

Figure S13. The active and non-active (or low-active) fractions of nanoplates marked by different colors. 

Red color marks the active ones (>= 1 s-1), and green color marks the non-active (or low-active) ones (< 1 s-1). 

(a) 0 s. (b) 1600 s. (c) 3200 s. Scale bar is 10 μm.  

 

We draw the image where the active and non-active fraction is marked. As shown in Figure S13, the 

active and non-active (or low-active) fraction of nanoplates marked by different colors. Red color marks the 

active ones, and green color marks the non-active (or low-active) ones. Figure S13 shows that most of the 

nanoplates are non-active (or low-active), and some active nanoplates disperse in the whole image. With 

the reaction going on, the active ones become less and less. 
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SI.13.  Figure S14 

 

Figure S14. Surface tension of formic acid solution and contact angle at different concentrations of formic 

acid.  

Holger Schönherr’s group has done a systematic research on the contact angles of surface nanobubbles 

on mixed self-assembled monolayers with varied macroscopic wettability by atomic force microscopy6 

They found that the values for the contact angles of surface nanobubbles (θnano) significantly exceeded those 

of the macroscopic water contact angle (θmacro) of the SAMs for hydrophobic SAMs, and this discrepancy 

became less pronounced and finally vanished for more hydrophilic surfaces.6  

In our study, we treated the glass slide with piranha solution (75 mL H2SO4 : 25 mL H2O2) to make the 

surface more hydrophilic. According to the research of Holger Schönherr’s group,6 we equated the 

macroscopic contact angle of solution on the glass slide with the bubble contact angle. 

 

SI.14.  Simulation of the model 

 

Figure S15. Value of parameters )(  and p1. )(  was calculated according to the Equation (S3). 

The parameter p1 was calculated according to the following Equation (4) in manuscript and Table S2. 
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SI.15.  Effect of dissolved chemicals on the plasmon resonance of pure single Ag nanoplates 

 Figure S16a shows the plasmon resonance scattering spectra of a typical single Ag nanoplate in the 

different solutions containing different chemicals. We can see that the shapes of the spectra are almost same 

as each other in different solutions. Figure S16b-c show that the peak wavelength and intensity of a single 

Ag nanoplate don’t have obvious change when the solutions contain different chemicals. The average peak 

wavelength and intensity of many single Ag nanoplates don’t have obvious change either (Figure S16d-e). 

Therefore, the dissolved chemicals, such as H2, CO2 and formic acid, have no obvious effect on the 

plasmon resonance of pure Ag nanoplates under our research conditions. Therefore, there is no (or very 

weak) effect of dissolved chemicals, such as H2, CO2 and formic acid, on the plasmon resonance of pure 

single Ag nanoplates. 

 

Figure S16. Effect of dissolved chemicals, such as H2, CO2 and FA, on the plasmon resonance of pure 

single Ag nanoplates. (a) The spectra of a single Ag nanoplate in different solutions, such as pure H2O, 

saturated solution of hydrogen, saturated solution of carbon dioxide and 1.67 M formic acid solution. (b) 

Peak wavelength of a single Ag nanoplate obtained from the spectra in different solutions. (c) Scattering 

intensity of a single Ag nanoplate in different solutions. (d) Average peak wavelength of 48 single Ag 

nanoplates from the spectra in different solutions. (e) Average scattering intensity of 48 single Ag 

nanoplates in different solutions. The solutions with different chemicals were kept at least 5 minutes. 
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SI.16.  Effect of dissolved chemicals on the plasmon resonance of Pd-Ag nanoplate catalysts 

 Similar as Figure S16, Figure S17 shows that the dissolved chemicals, such as H2, CO2 and formic 

acid, have no obvious effect on the plasmon resonance of single Pd-Ag nanoplates under our research 

conditions.  

Both Na Liu and Mikael kall studied the hydrogen sensing by bimetallic Pd-Au nanoantennas.16, 17 In 

their research, the nanostructure was composed with two closed but isolated nanoparticles, one is Au 

nanoparticle and the other is Pd nanoparticle. Pure Au nanoparticle has very strong plasmon resonance 

scattering, which is sensitive to the hydrogen adsorption in Pd nanoparticle. Because their work is strongly 

relevant to ours, we have added their work in the manuscript and SI. 

However, our research system is different from theirs. We only study the single Pd-Ag alloy nanoplate 

catalysts, which are well isolated. Figure S17 shows that the dissolved chemicals have no obvious effect on 

the plasmon resonance of single Pd-Ag nanoplates. Moreover, plasmon resonance of single Pd-Ag 

nanoplates is much weaker than that of Ag nanoparticle with similar size in visible wavelength. Therefore, 

the time-varying scattering signal is not due to the variation of plasmon resonance. 

 

Figure S17. Effect of dissolved chemicals, such as H2, CO2 and FA, on the plasmon resonance of Pd-Ag 

nanoplates. (a) The spectra of a single Pd-Ag nanoplate under different conditions of flowing in H2O, 

saturated solution of hydrogen, saturated solution of carbon dioxide and FA. (b) Peak wavelengths of a 

single Pd-Ag nanoplate obtained from the spectra in different solutions. (c) Scattering intensity of a single 

Pd-Ag nanoplate in different solutions. (d) Average peak wavelengths of 37 single Pd-Ag nanoplates from 

the spectra under different conditions in different solutions. (e) Average scattering intensity of 37 single Pd-

Ag nanoplates in different solutions. The solutions with different chemicals were kept at least 5 minutes. 
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SI.17.  Scattering spectra of individual Pd-Ag nanoplate catalysts with and without nanobubble 

Figure S18a shows the trajectory of an inactive Pd-Ag nanoplate catalyst with 1.67 M formic acid. 

Figure S18a includes 25 steps, which correspond to the exposure in 25 filters.18 The transmittance of the 

narrow band filters is shown in Figure S18.18 Figure S18a also shows that there is an intensity dropping 

between two neighbor steps. So, we can differentiate the exposure in different filters by the intensity 

dropping. For inactive Pd-Ag nanoplate, the intensity during the exposure time in one filter is flat.  

But, Figure S18b shows that, for active Pd-Ag nanoplate, the intensity varies a lot during the exposure 

time in one filter due to the generation of nanobubbles. Figure S18c shows the intensity trajectories in one 

filter for both active and inactive Pd-Ag nanoplates. We can see that the generation of nanobubbles induce 

the variation of scattering intensity. Figure S18d shows that the plasmon resonance of single Pd-Ag 

naoplate and bubble scatter at the similar wavelength.  

 

Figure S18. Plasmon resonance of Pd-Ag nanoplate catalysts with and without nanobubbles during formic 

acid dehydrogenation reaction under 25 different narrowband filters. (a) Scattering intensity of an inactive 

single Pd-Ag nanoplate without nanobubbles. (b) Scattering intensity of an active single Pd-Ag nanoplate 

with nanobubbles. (c) Scattering intensity of single Pd-Ag nanoplates with and without nanobubbles under 

the same narrowband filter. (d) The average spectra of a single Ag nanoplate with nanobubbles (high states 

in trajectory), and without nanobubbles (low states in trajectory). The average spectrum of nanobubbles is 

the difference of the average spectra of a single Ag nanoplate with and without nanobubbles. 
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SI.18.  Influence of the position of the nanoplate on the activity of Pd-Ag nanoplates 

We did a series of experiments to measure the activities of Pd-Ag nanoplates at three different 

positions of glass slide. Figure S19a shows the relative location of three different positions. The three 

positions are marked with P1, P2 and P3. We can see that the positions are from the center to the edge of 

slide. Figure S19b shows that the measured nucleation rate of nanobubble in the middle part is faster than 

that near the edge. But the difference is not large. 

Because we have considered this issue at the beginning of this research, we did all experiments in the 

middle part of slide. Therefore, the condition of positions is consistent for all experiments.  

 

Figure S19. Influence of the position of the nanoplate with respect to glass slide on the activity of Pd-Ag 

nanoplates. (a) Three different positions for activity measurement. The three positions are marked with P1, 

P2 and P3. The blue round area indicates the area with Pd-Ag nanoplates. The while lines are the markers 

drawn with glass cutter. (b) Average nucleation rates for the Pd-Ag nanoplates at the three different 

positions in a. The concentration of HCOOH is 0.56 M. 
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SI.19.  Activity of Pd-Ag nanoplates versus the Pd content in an ensemble experiment 

 

Figure S20. Effect of Pd content on the activity of single Pd-Ag nanoplates. The activity of Pd-Ag 

nanoplates with different Pd contents is obtained after reacting 1500 s in an ensemble experiment. 

 

 

SI.20.  Table S2 

Table S2. Parameters for fitting 

Name  Letter Value Unit  

Constant C constant s-1 

Liquid surface tension γ variable mN m-1 

Saturation concentration cs 0.81 mol m-3 

Temperature  T 292 K 

Applied pressure P’ 101325 Pa 

Boltzmann constant k 1.38×10-23 J K-1 
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