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Supplemental text

Literature compilation for Fig. 3B (“previous works”)

To benchmark the TR-2PPS-derived Gep, we compiled experimentally reported Gep values for Au, Ag, Pt, and Pd
from the accessible literature. Because the amount of available experimental data is highly metal dependent—
particularly limited for Pd—we included all values that could be reliably extracted from peer-reviewed reports without
applying additional weighting. For a compact summary and cross-metal comparison, we pooled experimental
values reported by different methodologies (e.g., ultrafast diffraction and optical pump—probe approaches) into a
single “previous works” set for each metal. In Fig. 3B, individual scatter points correspond to each reported
experimental value; the bar height represents the median of the compiled set, and the error bar indicates +1.5 x
the standard error of the compiled values. The full list of literature values and sources is provided in Table S1.

Hot-Carrier Dynamics in Nanostructured vs. Planar Metals

To demonstrate the versatility and sensitivity of TR-2PPS, we applied it to a nanostructured Au/TiO2 Schottky diode
and compared the hot-electron dynamics to the planar film case. The nanostructured sample (Au “nanonet”, Fig.
S4A) consists of a quasi-2D array of nanoscale holes in the Au layer, engineered to support plasmonic resonance
at visible wavelengths. The SEM image (Fig. S4A) shows the hexagonal nanohole pattern (hole diameter ~360 nm).
Optical absorbance spectra (Fig. S5) confirm a strong plasmonic absorption peak around 680 nm for the Au nanonet,
along with generally higher absorbance at 800 nm compared to a flat Au film. This structure was chosen to see if
plasmon-enhanced hot-carrier generation or altered electron gas properties would manifest in the ultrafast
photocurrent response.

Fig. S4B presents the TR-2PPS results for the Au nanonet vs. a thin-film Au control. We focus on the
extracted tdecay and corresponding Gep for the two cases. The Au nanonet device shows a decay time Tgecay = 0.67
1 0.02 ps, notably shorter than the 1.00 £ 0.04 ps in the flat Au film. To minimize trivial differences arising solely
from stronger optical absorption, we analyze the delay-dependent traces through the same decomposition protocol
and compare the extracted tqecay rather than raw peak amplitudes. In this way, the observed shortening of tdecay is
interpreted as a change in the effective cooling dynamics of the current-capable population, not merely an increase
in the initial excitation level. This implies a stronger e—p coupling in the nanostructured Au. Indeed, the calculated
Gep for the Au nanonet is 2.39 + 0.07x10'¢ W/m?3K, significantly higher than 1.83 £ 0.08 x10'® W/m3K for the smooth
film. These values align with previous findings that nanostructured Au can exhibit higher e—p coupling rates than
bulk films34. One mechanism for this is the electron spill-out effect: at nanoscale features, conduction electrons
experience reduced screening from the lattice core (especially near surfaces or edges), which can enhance their
coupling to phonons. While the electron spill-out picture provides a plausible interpretation, nanostructuring can
also enhance energy dissipation through increased surface and grain-boundary scattering and access to additional
surface/heterointerface phonon channels; therefore, we treat the nanonet result as evidence that morphology can
measurably accelerate relaxation of the current-capable population, without attributing it to a single microscopic
mechanism. The literature reports Gep ~2.2x10'6 W/m3K for similarly nanostructured Au, in good agreement with
our measurement. Our TR-2PPS data thus sensitively captures the influence of morphology on hot-carrier
relaxation.

Despite the increased coupling (faster cooling) in the Au nanonet, we note that lexp was still observable and
measurable. This underscores that TR-2PPS can probe hot-carrier dynamics across different device types — from
polycrystalline films to complex nanostructures — under operating conditions (ambient environment, no vacuum
required). The combination of high sensitivity and operational relevance makes TR-2PPS particularly powerful for
evaluating new device architectures intended to harness hot carriers (for instance, plasmonic structures designed
to concentrate hot electrons).



Table S1. Comparison of e—p coupling constants for noble and transition metals (Au, Ag, Pt, Pd) as determined by
TR-2PPS experiments, theoretical calculations from literature, and experimental results from previous studies.
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Fig. S1. (A) lbase and (B) Aexp for various metal/TiO2 nanodiodes, where metal is Au, Ag, Pt, or Pd, as a function of
the external bias. Each data is presented with the corresponding standard deviations as error bars.
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Fig. S2. Power titration of Ivase and Aexp for Au/TiO2. The amplitude of the delayed exponential component, Aexp,
was extracted from fits to I(At) at each fluence. (A) While Ivase exhibits linear scaling (red line) with fluence in the
operating regime, (B) Aexp shows a superlinear dependence (approximately (Fluence)?), consistent with its origin
as a nonlinear enhancement that requires survival of an excited population between pump and probe pulses.
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Fig. S3. TR-2PPS measurements for Au/TiO2 and TiO2. Au/TiO2 shows delay time (At)-dependent photocurrent
within At < 1 ps, while TiO2 does not generate photocurrent. These results show that the decay of photocurrent
originates from the relaxation of hot electrons in Au. Each dataset, along with corresponding standard deviations
as error bars, is presented.
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Fig. S4. Effect of plasmonic structure on the hot electron lifetime. To examine the effect of plasmonic structure
on the lifetime of the hot electron, we measured the TR-2PPS signal using the Au nanonet (Au NN)/TiO2 Schottky
nanodiode. (A) SEM image of (top) Au NN and (bottom) thin Au film. (B) Photocurrent spectra and decay constants
measured by TR-2PPS for the Schottky nanodiodes with Au NN and thin Au film. Experimentally measured data
and corresponding standard errors as error bars are presented. The photocurrent was normalized to the peak
current for the visibility. The Schottky barrier heights for Au NN/TiO2 and thin Au/TiO2 are 1.07 eV and 0.907 eV,
respectively.
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Fig. S$5. UV-vis and IPCE spectrum of AuNN and thin film Au nanodiodes. (A) UV-vis absorbance spectra for
Au nanonet (Au NN) and thin Au layer. Au NN exhibits a plasmonic resonance peak at approximately 680 nm and
higher absorbance than thin Au at 800 nm. (B) IPCE spectra as a function of photon energy using a continuous
wave light source. The IPCE spectra of two samples, one with a plasmonic structure (Au NN/TiO2) and one with a
thin film (Thin Au/TiO2), were examined. The plasmonic sample exhibited an enhanced current signal in the 2.1 eV
region of the spectra. This enhancement is known as the plasmonic absorption band of plasmonic Au.
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Fig. S6. UV-vis absorbance spectra for Au, Ag, Pt, and Pd layer. The dashed line indicates the absorbance of each
layer at 800 nm, corresponding to the wavelength of the pump and probe laser pulses.
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Fig. S7. The IV curves and their fitting by the thermionic emission law for (a) Au/TiOz, (b) Ag/TiO2, (c) Pt/TiO2, and
(d) Pd/TiOz. In each graph, black and blue lines show the measured IV curves before and after the time scan. Ess,
n, and Rs are the Schottky barrier height, ideality factor, and series resistance, respectively.
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Fig. S8. Reproducibility of the Au/TiO2 high-reverse-bias regime. TR-2PPS traces acquired atV =0V and V =
—-0.8 V for an independent measurement (device/scan) show a clear increase in tdecay Under high reverse bias,
consistent with the trend observed in the main dataset. Only these two bias points were acquired in this control
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experiment to specifically test the robustness of the bias-dependent change in tdecay.
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