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Figure S1. Full survey X-ray photoelectron spectroscopy (XPS) of Cuz«S, CdZnS and Cu,-
xS/CdZnS.

Table S1. Atomic percentage of Cux«S, CdZnS and Cux«S/CdZnS obtained from XPS

analysis.

Sulphur
Cu,.S 54.84 45.16

CdZnS NA 45.24 27.35 27.4

Cu,,S/CdZnS  31.40 44.74 11.83 12.03
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Figure S2. Determination of valence band positions for CuzxS and CdZnS from the XPS

valence band spectra.
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Figure S3. Bang gap calculation for (A) Cux«S and (B) CdZnS using tauc’s plot method.

Table S2. Atomic percentage of CuzxS, CuzxS/CdZnS obtained from EDS.

Sulphur

Cu,.S 54.73 45.27
Cu,,S/CdZnS  35.72 49.67 9.18 5.43



Table S3. Multiexponential fitting time constants for the bleach growth (thn) and recovery

kinetics (th-ph and tphph) 0of CuzxS and CurxS/CdZnS at 800 nm excitation.

Sample Pump Probe Then (FS) | Thopn (PS) Tph-ph (PS)
(nm) (nm)
Cu,_S

1180 141+6 0.69+0.02 135+7
(+100%) (-71%) (-29%)
Cu, S/CdZnS 800 1180 IRF 0.63+0.01 60 +4

(+100%) (-82%) (-18%)

A o] —s005 100 ps B ol —swr 100 ps C —_ Cu,,S/CAZnS
1ps 1ns —1ps 1ms 8 :
P~ 2ps - | =——2ps
8 6 10 ps 8 6 10 ps é
E E b
g3 W <3 g
ata =1
(| S er A e e gty syl I e e LT T REE z |
450 500 550 600 450 500 550 600
Wavelength (nm) Wavelength (nm) Delay Time (ps)

Figure S4. Ultrafast transient absorption (TA) spectra of (A) CuzxS, (B) CuxxS-CdZnS
heterostructure span across visible region (415 nm - 680 nm) at different pump-probe delay
times, (C) normalized comparative bleach dynamics between Cuz«S and CuxxS-CdZnS probed

at 500 nm upon 800 nm photoexcitation at fluence of 400 uJem™.

Table S4. Multiexponential fitting time constants for Cuz.xS and CuxxS/CdZnS upon 800 nm

excitation, probed at 550 nm.

Sample Pump growth |Recovery |Recovery
(nm) T, (Ps)
Cu,_S 800 550 IRF 1.22+0.1 366+10
(+100%) (-61%) (-39%)
Cu, S/CdZnS 800 550 IRF 0.74+0.06 89+6

(+100%) (-84%) (-16%)

Table S5. Multiexponential fitting time constants for Cuz-xS and CuxxS/CdZnS upon 800 nm

excitation, probed at 500 nm.



Sample | growth Recovery 7, | Recovery

(fs) (ps) T, (ps)
Cu, S 800 500 0.192 1.03+£0.05 11710
(+100%)  (-39%) (-61%)
Cu,_S/CdZnS 800 500 IRF 097+0.05 60+5
(+100%)  (-71%) (-29%)
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Figure S5. Ultrafast transient absorption (TA) spectra of (A) CuzS, span across visible region
(415 nm - 680 nm) at different pump-probe delay times, (B) normalized comparative bleach
dynamics between Cuz«S and CuzxS-CdZnS probed at 550 nm upon 400 nm photoexcitation

at fluence of 200 uJecm™2.

Table S6. Multiexponential fitting time constants for the bleach growth (th.n) and recovery

kinetics (th-ph and Tph-ph) Of CuzxS and Cuz«xS/CdZnS at 400 nm excitation.

Sample Pump Probe Then (FS) | Thopn (PS) Tph-ph (PS)
(nm) (nm)

Cu,_ S 1160 180+6 0.74+0.02 235+7
(+100%) (-65%) (-35%)
Cu, S/CdZnS 400 1160 1616 0.68+0.03 40+4

(+100%) (-79%) (-21%)

Table S7. Multiexponential fitting time constants for CuzxS and Cu2xS/CdZnS upon 800 nm

excitation, probed at 550 nm.



Sample growth |Recovery |Recovery

(fs) T, (pS) T, (ps)
Cu,S 400 550 IRF 0.99+0.05 518 +38

(-100%) (-69%) (-31%)
Cu,_S/CdZnS 400 550 IRF 0.92+0.05 311+10

(-100%) (-81%) (-16%)
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Figure S6. Comparative dynamics between bare CdZnS and in the presence of (A) electron

quencher (BQ) and (D) hole scavenger (TEOA) upon 400 nm excitation.

Table S8. Multiexponential fitting time constants for CdZnS, Cu2xS/CdZnS and in presence
of electron (BQ) and hole quencher (TEOA) upon 400 nm excitation, probed at 450 nm (band
edge bleach).



Sample Probe | growth (fs) Recovery |Recovery |Recovery

T, (ps) T, (ps) T3

CdZnS 400 450 033 64+4  T44+50 >Ins
(-100%) (-59%)  (-25%)  (-16%)

Cu,,S/CdZnS 400 450  IRF 1225+ 479440 > Ins
(-100%) 0.5 -10%)  (-8%)

(-82%)

CdZnS +BQ 400 450 IRF 19.4+0.9 621 %25
(-100%) (72%)  (-28%)

CdZnS + 400 450 022+ 3.6+ 123£12 > 1Ins

TEOA 0.01 0.8  (-44%)  (-54%)

(-96%)  (-4%)



