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1. Optical absorption mapping of gradient bimetallic alloy (AgxAu1-x)

Figure S1. Local absorbance mapping of bimetallic gradient alloy nanoparticles on FTO 

substrate.
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2. HR-TEM of gradient bimetallic alloy (AgxAu1-x)

Figure S2. HR-TEM image of bimetallic gradient alloy nanoparticles. 

High-resolution transmission electron microscopy (HR-TEM) analyses were carried out to 

examine the particle size and crystal orientation across different alloy compositions. The HR-

TEM images (Figure S2 and the corresponding histograms (Figure 1(d)) reveal that the alloy 

particles exhibit a uniform size distribution across the various alloy compositions. These 

findings indicate that the particles are indeed similar in size, regardless of the specific alloy 

ratio. This uniformity in particle size and crystal structure ensures that the observed catalytic 

performance and hot carrier dynamics are not influenced by variations in these parameters.
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3. X-ray photoelectron spectroscopy (XPS) of gradient bimetallic alloy (AgxAu1-x)
(a)

(b)
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Figure S3. X-ray photoelectron spectra (XPS), (a) Survey Spectra of bimetallic gradient alloy 

nanoparticles. (b) Au and Ag high-resolution spectra of bimetallic gradient alloy nanoparticles. 

(c) Atomic concentration of both Au and Ag, and plotted as function of lateral displacement.

XPS measurements were carried out using a VG ESCA3 MkII electron spectrometer under a 

base pressure higher than 10-9 mbar. 𝐴𝑙𝐾𝛼 radiation was used for the excitation of electrons. 

The binding energies were referenced to the binding energy of Ag 3d and Au 4f electrons. 

Figure S3(a) displays XPS spectra of bimetallic gradient on TiO2 coated FTO substrate. The 

atomic concentration of both Au and Ag estimated from the high-resolution spectra (Figure 

S3(b)). Figure S3(c) displays the continuous variation of atomic concentration of Au and Ag 

confirming the formation of alloyed nanoparticles with finely controllable composition ratios 

within a single sample. 

(c)
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4. Transient absorption spectra (TAS) of gradient bimetallic alloy (AgxAu1-x)

(a)

(b)

(c)
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Figure S4. Transient absorption spectroscopy (a) SPR decay time (measured under 400 nm 

pump excitation) as a function of alloy compositions. (b) TAS spctra of bimetallic alloys 

measured under 532 nm pump excitation. (c) SPR decay time as a function of alloy 

compositions.

Transient absorption spectroscopy (TAS) measurements under conditions were performed more 

closely aligned with the surface plasmon resonance (SPR) maxima of the various alloy 

compositions. Specifically, we utilized a 532 and 488 nm pump, and a 450-800 nm probe 

wavelength range for these measurements. For, 400 nm pump wavelength, the decay time 

decreased exponentially with higher Ag ratios (Figure S4(a)), indicating the faster relaxation of 

HEs through enhanced emission in Ag-rich phases.

From the 532 nm pump TAS spectra (Figure S4(b)), we evaluated the SPR decay times across 

different alloy compositions. Consistent with our previous observations using 400 nm pump 

excitation, the decay time decreases as the Ag ratio increases (Figure S4(c)). This consistent 

trend across different excitation wavelengths corroborates our initial findings and further 

substantiates the observation that higher Ag content leads to faster relaxation of hot electrons 

(HEs) through enhanced emission in Ag-rich phases.
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5. In-situ photocatalytic Raman spectra of gradient bimetallic alloy (AgxAu1-x)

Figure S5. (a) Raman Spectra that corresponds to the plasmonic-hot electron-assisted 

photocatalytic conversion of pATP into DMAB under 532 nm excitation wavelength. (b) 

Normalized photocatalytic activity as function of different alloy compositions.

(a)

(b)
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We investigate the hot-electron mediated photocatalytic conversion of para-amino thiophenol 

(pATP) to p,p’-dimercaptoazobenzene (DMAB).1 In situ photocatalytic Raman experiments 

were recorded during conversion (Figure S5(a)) under 532 nm excitation. The recorded spectra 

exhibit characteristic pATP peaks at ~1089, and 1145 cm-1, associated with the benzene ring 

bending mode, and C–S (nC–S) and C-N (nC–N) stretching modes, respectively. Additionally, 

peaks at 1392, 1345, and 1596 cm-1 correspond to the C–N and N=N stretching vibrational 

modes of DMAB.2,3 

We normalized the catalytic activity relative to the Ag metal surface concentration (Figure 

S5(b)). The results of this normalization process indicate that the overall catalytic trend remains 

largely unchanged. This suggests that while the metal surface concentration does indeed 

influence catalytic activity, the enhanced catalytic performance observed at the specific alloy 

composition of Ag0.65Au0.35  is not solely attributable to composition dependent hot-elelctron 

generation.

Figure S6. (a) Raman Spectra that corresponds to the plasmonic-hot electron-assisted 

photocatalytic conversion of pATP into DMAB under 488 nm excitation wavelength. (b) 

Photocatalytic conversion as function of different alloy compositions.

(a) (b)
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We have conducted additional photocatalytic experiments to ensure a more equitable 

comparison across different alloy compositions. We performed photocatalytic measurements 

using a 488 nm excitation wavelength, which is closer to the excitation wavelength of Ag-rich 

alloys (Figure S6(a)). This is in addition to our previous measurements conducted at 532 nm, 

which are more suitable for Au-rich alloys. Our results indicate that, similar to the findings with 

532 nm excitation, the catalytic efficiency is highest at the intermediate composition of 

Ag0.65Au0.35  when using 488 nm excitation (Figure S6(b)). This suggests that the enhanced 

catalytic activity at this specific alloy ratio is robust and consistent across different excitation 

wavelengths.

6. Evaluation of thermophotonic effects

Previous work has demonstrated that heating could contribute to the yield of plasmonic 

reactions.4 To rule out this effect, we conduct power dependent photocurrent measurements 

(Figure S7(a)) on the Au rich part. Thermal effects are expected to produce a saturation behavior. 

Instead, the photocurrent follows a power-law dependence (Figure S7(b)) throughout the 

measured range, that has been attributed to plasmonic emission of hot electrons.5 This trend 

suggests that the low power employed and the good thermal contact of the nanoparticles with 

the substrate limit the effect of heating.6 

Figure S7. (a) HE photocurrents as function of illumination intensity and (b) fitting showing 

superlinear dependence. 
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Moreover, we have shown that SERS spectra (Figure S8) show no appreciable change in peak 

position and intensity upon heating, which confirms previous observations that the 

photocatalytic pATP conversion is not affected by thermophotonic processes.7,8

Figure S8. SERS spectra at gold rich side obtained at different excitation powers that show 

similar ratios of pATP and DMAB after 5-minute exposure. 
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7. Calculation of hot electron yield

The plasmon dissipation rate is composed of several contributions including the hot-electron 
loss.9

𝛾𝑝𝑙𝑎𝑠𝑚𝑜𝑛 = 𝛾𝑑𝑟𝑢𝑑𝑒 + 𝛾𝑖𝑛𝑡𝑒𝑟―𝑏𝑎𝑛𝑑 + 𝛾ℎ𝑜𝑡―𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛

The plasmonic dissipation rate was extracted from the SPR decay time 𝜏1 according 
𝛾𝑝𝑙𝑎𝑠𝑚𝑜𝑛 = 1/𝜏1

The hot electron loss can then be used to calculate the generation rate of hot electrons 
according to

𝑅𝑎𝑡𝑒ℎ𝑜𝑡―𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛 =
𝐸𝑝𝑙𝑎𝑠𝑚𝑜𝑛

ℏ𝜔
1

𝛾𝑝𝑙𝑎𝑠𝑚𝑜𝑛 ― (𝛾𝑑𝑟𝑢𝑑𝑒 + 𝛾𝑖𝑛𝑡𝑒𝑟―𝑏𝑎𝑛𝑑)  

where all other dissipation rates were treated as fitting parameters. The hot-electron generation 

rate is therefore reported in arbitrary units.
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8. EIS and DOS spectra of gradient bimetallic alloy (AgxAu1-x)

Figure S9. (a) Electrochemical impedance spectral (EIS) analysis. (b) Density of State (DOS) 

of bimetallic gradient alloy nanoparticles.

9. Photocatalytic CO2 reduction reaction

We conduct CO2RR by illuminating different locations of the alloyed sample (Figure S10(a)). 

Due to the large diameter of the light spot (~3mm) there is a substantial uncertainty in the 

precise composition contributing. However, a clear difference in CO yield (Figure S10(c)) can 

be seen when moving from the Au-rich side to the Ag-rich side that corroborates the difference 

in reactivity for HE catalysts.

Figure S10. (a) Photograph of graded alloy sample used in photocatalytic CO2RR experiments, 

(b) gas chromatograph measurements of CO evolution at different locations, (c) extracted CO 

yield for different locations.
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