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Figure S1. The fs-TDR time profiles for KTaOs probed at 3435 nm using 400 and 532 nm pump
wavelengths.
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Figure S2. The fs-TDR time profiles (not normalized) probed at 3435 nm probe using 440 nm
pump wavelength under different pump fluences for TazNs prepared by 0.25 hour nitridation
of KTa0s, TasNs prepared by 10 hour nitridation of KTaO5; and TasNs prepared by nitridation
of Tazos.
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Figure S3. The fs-TDR time profiles probed at 545 nm probe using 440 nm pump wavelength

under different pump fluences for TasNs prepared by 0.25 hour nitridation of KTaOs. Note

that the signs of all these transients are inverted.
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Figure S4. The fs-TDR time profiles for TasNs prepared by 0.25 hour nitridation of KTaO;
probed at 3435 nm (free electrons) and 545 nm (holes) using 440 nm pump and at same pump
fluence of 0.04 pJ per pulse. Note that the sign of transient probed at 545 nm is inverted for

comparison.
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Figure S5. The fs-TDR time profiles corresponding to free electrons (440 nm pump and 3435
nm probe) for TasNs prepared by the nitridation of (a) KTaOs for 0.25 hour and (b) Ta,0s. Solid
line on each of the transient is the result of fit using equation 1.
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Description

The transients recorded for TasNs prepared by the nitridation of KTaO3 (0.25 hour) and Ta,0s
are at multiple pump fluences are theoretically modelled by considering the decay of free
electrons to occur solely via direct electron-hole recombination.

If the number density of excess electrons is much greater than that of dark carriers, i.e.
An(t) » n,,, the excess electrons decays as d An(t)/dt = —k,An?(t), where k, is a rate
constant of electron-hole recombination. The time evolution of the excess electrons can be
solved analytically and the solution is given as An(t) = An(0)/(1+ An(0) k- t) ,
where An(0) is the number density of excess electrons generated at t = 0. If observed
transient signal S, (t) probed at 3435 nm is proportional to the number density of the excess
electrons An(t), S.(t) can be expressed as

_ Se(0)
Se(t) = 1+S¢(0) (kr/cte)t

where «, is a factor of proportionality to excess electrons. It should be noted that equation.
1 can be rewritten as S,(0)(k,./a.)t =5.(0)/S,(t)—1 . This relation indicates
S.(0)/S, (t) — 1 increases linearly with respect to time, if the direct electron-hole
recombination is a dominant mechanism of carrier decay. Transients are fitted using equation.

equation. (1)

1 regarding S, (0) and k,./a,, as fitting parameters. The fitted parameters are listed in Table
S1. To confirm the validity of equation. 1 to explain experimental data, the transformed
transients S,(0)/S, (t) — 1 are potted as shown in Figure S5.

In the case of TaszNs prepared by 0.25 hour nitridation of KTaOs, the transformed transients
clearly show alinear increase with respect to time, even at multiple pump fluences. Therefore,
it is evident that the dominant decay mechanism of excess electrons is considered to be via
direct second-order type electron-hole recombination, but not by trapping.

However, for TasNs prepared by the nitridation of Ta,Os, the transformed transients do
not show any linear increase with respect to time. This observation clearly suggests that
electrons do not decay via second-order electron-hole recombination, rather by another
decay pathway for e.g., trapping.

Table S1. List of parameters used for fitting free electron dynamics obtained at different
pump fluences for TasNs prepared by the nitridation of KTaO3 0.25 hour and Ta,0s.
nitrided from KTaO;
for 0.25 hour

pump fluence

0.014 uJ per pulse

0.04 uJ per pulse

0.12 uJ per pulse

Se(0) (%)

0.338

1.332

4.408

ky/ae (%" ps™)

0.149

0.074

0.054

nitrided from Ta,Os

0.014 uJ per pulse

0.04 uJ per pulse

0.12 uJ per pulse

Se(0) (%)

0.211

0.800

2.382

ky/ate (% 'ps™)

0.293

0.133

0.072
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Figure S6. The fs-TDR time profiles corresponding to free electrons (3435 nm and 580 nm
pump) for TasNs prepared by the nitridation of Ta,Os.
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Figure S7. The fs-TDR time profiles for TasNs prepared by the nitridation of Ta;0s
corresponding to free electrons (3435 nm probe) and holes (545 nm probe) using 440 nm
pump at same pump fluence of 0.04 pJ per pulse. Note that the sign of the transients probed
at 545 nm is inverted for comparison.
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Figure S8. The fs-TDR time profiles corresponding to free electron dynamics (440 nm pump
and 3435 nm probe) for TazNs nitrided from KTaOs for 0.25 hour and from Ta,Os with and
without Rh cocatalyst loading. In addition, a simplified scheme depicting the charge transfer
process to the Rh cocatalyst in TasNs prepared by nitridation of KTaOsfor 0.25 hour and Ta;0s.

Typically, the Rh metal cocatalyst particles act as an electron acceptor from the photocatalyst
to facilitate the reduction reaction with water in generating H,. In the case of TazNs prepared
by 0.25 hour nitridation of KTaOs, a faster electron decay starting from =5 ps was noticed
after Rh cocatalyst loading. This observation suggests the occurrence of electron transfer
process to the Rh cocatalyst and thus support overall water splitting activity. In TasNs
prepared by nitridation of Ta,0s, longer electron lifetime is noticed after Rh cocatalyst loading.
This observation indicates the occurrence of hole transfer to Rh cocatalyst. However, the
desired electron transfer to generate H, is not observed, which is attributed to the occurrence
of electron trapping.
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Figure S9. X-ray photoelectron spectra showing the presence of Rh in metallic state for 0.3
wt% Rh cocatalyst loaded TasNs prepared by nitridation of Ta,Os and 0.02 wt% Rh cocatalyst
loaded TasNs prepared by 0.25 hour nitridation of KTaOs. Note that the Rh cocatalyst loading
is relatively low (0.02 wt%) for TasNs prepared by 0.25 hour nitridation of KTaOs. Hence, the
XPS signals for Rh peaks are very weak.
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Figure S10. Scheme depicting the possible optical transition responsible for noticing second
bleaching signal at 590 nm probe in the TA spectra of TasNs.
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Figure S11. The fs-TDR time profiles (A) probed at 650 nm for TasNs prepared by the
nitridation of Ta,0s with without Rh cocatalyst loading (440 nm pump; 0.27 w per pulse) and
(B)comparing the dynamics probed at 700 nm for TasNs prepared by 0.25 and 10 hour
nitridation of KTaO3 (440 nm pump; 0.15 pJ per pulse).

To understand the positive TA signal between 650 to 760 nm noticed in the TA spectra, the
dynamics in TasNs prepared by the nitridation of Ta;Os is probed at 650 nm with and without
the presence of Rh cocatalyst. At 650 nm probe (Figure S11A), the decay in the presence of
Rh was found to be longer due to hole transfer. A similar observation was noticed at 3435 nm
probe (Figure S7) upon Rh cocatalyst loading in TasNs prepared by the nitridation of Ta,0s.

In addition, dynamics probed at 700 nm (Figure S11B) is compared for TasNs prepared by
0.25 and 10 hour nitridation of KTaOs. With increase in the nitridation time, a pronounced
hole trapping is established leading to a longer lifetime for TasNs prepared by 10 hour
nitridation of KTaOszin comparison to 0.25 hour.

Combining the observations made in Figure S11, a broad positive TA signal between 650
to 760 nm is tentatively assigned to be shallowly trapped electrons.
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Figure S12. The fs-TDR time profiles probed at 545 nm (corresponding to VB holes) using 440
nm pump under multiple pump fluences for TasNs prepared by the nitridation of Ta,0s. Note
that the signs of all these transients are inverted.
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Figure S13. The fs-TDR time profiles corresponding to free electron dynamics probed at 3435

nm (440 nm pump; 0.04 w per pulse) for TasNs prepared by 10 hour nitridation of KTaO3; with

without Rh cocatalyst loading.
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Figure S14. The fs-TDR time profiles for TasNs prepared by 0.25 and 10 hour nitridation of
KTaO; probed at 545 nm corresponding to VB holes. 440 nm pump with a fluence of 0.04 pJ
per pulse is employed. Note that the signs of these transients are inverted.
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Figure S15. TA spectra in the visible region at different delay times for TasNs prepared by 4
hour nitridation of KTaOs. 440 nm pump with a fluence of 0.48 pJ per pulse is employed.
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Figure S16. TA spectra in the visible region for KTaOs5 only at different delay times. 440 nm
pump with a fluence of 0.48 w per pulse is employed. The rise in the TA signal at 0.6 ps in
around 500 nm region is likely due to two-photon absorption process.
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Figure S17. The fs-TDR time profiles corresponding to free electrons at 3435 nm using 580 nm
pump for TaszNs prepared by 0.25 hour nitridation of KTaOs.
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Figure S18. The fs-TDR time profiles corresponding to free electrons using 580 nm pump for
TasNs prepared by 0.25 hour nitridation of KTaOs with and without Rh cocatalyst.
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