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Section 1. Calculation Details of nonlinear absorption coefficient (5) and the two-
photon absorption cross section (9)

The influence of the solvent nonlinearity could be excluded. The two-photon absorption (TPA) coefficient B of

Cs4Cu,Ag,_»,Sb,Cly, in toluene solvents can be obtained by fitting the experimental results with equation:13
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is the Rayleigh length, k=2mn/Zjs the wave vector, @0 is beam
waist radius of Gaussian pulse, and Iy is the pulse irradiance. The TPA coefficient B is related to the TPA cross
section o by using*
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where N is Avogadro’s number, c is the concentration, h is Planck’s constant, and v is the laser frequency. In this
experiment, the concentration of Cs,Cu,Ag,_»,Sb,Cly; is 2.0x107 (x = 0.60), 1.6x10™ (x = 0.75), 1.8x107° (x = 0.90)
and 1.9x107° (x = 1.00) M, respectively. 7 is expressed in Géppert-Mayer units (GM), with 1 GM = 1x107%° cm* s

molecule™® photon=.

Section 2: Calculation of average numbers of absorbed photons <N>, absorption
cross-section o

The probability of a nanocrystal contains N excitons is described by Poisson distribution (Eq. S1):

p, = e M (nyN
N! (1)
where (N) is the average number of photons per nanocrystal and can be calculated by (Eq. S2):
(N) = jo (s2)
where o is the absorption cross section, and J is incident photon density per pulse. We can calculate o by (Eq. S3)
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o of NCs can be obtained by fitting the data with equation of 1 =€ ™*? (solid line in Fig. 3b).
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Section 3. Table and Figure

Table S1. Fitting results for the XPS patterns of elements composition ratios for Cs;Cu,Ag,.
2Sb,Cly; perovskite NCs.

At. % X =0.60 X=0.75 X=0.90 X=1.00

Cu 2.16 3.20 4.18 5.00

Sb 12.06 11.25 11.09 11.20
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Fig. S1. XPS spectra of Cs,Cu,Ag,.,,Sb,Cly, (x = 0.60, 0.75, 0.90 and 1.00) samples for (a) Ag 3d and
(b) Cu 2p signals, which is consistent with the previous report®. The spectra have calibrated using
the Carbon 1s peak. The red square shows that the satellite peaks are located between 940

eV and 950 eV (x = 0.90), suggesting that the Cu?* really exists in our samples®.
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have been calibrated using the Carbon 1s peak.

Fig. S2. The fitting XPS spectra for Cs 3d, Cl 2p and Sb 3d signals of Cs,CuSh,Cl;, NCs. The spectra
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Fig. S3. Scheme of the atomic models for the Cs,CuSb,Cl;, layered double perovskite.
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Fig. S4. Bandgaps of Cs;Cu,Ag,_,,Sb,Cl;, perovskite NCs (x = 0.60 (a), 0.75 (b), 0.90 (c) from left to
right) estimated by Tauc plot. Bandgap is extrapolated from the linear portion of the (adhv)?

versus the hv curve in the direct band gap Tauc plots, where a is the absorption coefficient, d is
the sample thickness, and hv is the photon energy.
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Fig. S5. TEM image of Cs,Cu,Ag,-,,Sb,Cl;, perovskite NCs (x = 0.60). Inset: HR-TEM imaging and

size distribution image.
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Fig. S6. TEM image of Cs,Cu,Ag,_,,Sb,Cli, perovskite NCs (x = 0.75). Inset: HR-TEM imaging and

size distribution image.
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Fig. S7. TEM image of Cs,Cu,Ag,-,,Sb,Cl;, perovskite NCs (x = 0.90). Inset: HR-TEM imaging and

size distribution image.

S10



Percentage/%

Diameter/nm

Fig. S8. TEM image of Cs,Cu,Ag,_,,Sb,Cl;, perovskite NCs (x = 1.00). Inset: HR-TEM imaging and
size distribution image.
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Fig. S9. Temperature-dependent absorption spectra of Cs;Cu,Ag,_»Sb,Cl;, perovskite NCs (x =

0.60 (a), 0.75 (b), 0.90 (c) from left to right).
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Fig. S10. Contour plot of the TA data of Cs,Cu,Ag,-,,Sb,Cl1, perovskite NCs (x = 0.90 (a), 0.75 (b)
and 0.60 (c) from left to right).
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Fig. S11. Bleach kinetics of Cs,Cu,Ag,-,,Sb,Cl;, perovskite NCs (x = 0.90 (a), 0.75 (b), 0.60 (c) from
top to bottom) under various flux, in which the solid lines are the fits to the kinetic traces

according to the carrier recombination model.
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Fig. S12. Response-current of photodetector based on Cs;CuggoAgo.30Sb,Cl1; NC as a function of

pump intensities (a) and time (b).
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Fig. S13. I-V curve for varying intensities of Cs,Cu,Ag,-,,Sb,Cl;, perovskite NCs (x = 1.00 (c), 0.90

(b), 0.75 (a) from right to left)
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