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Fig. S1 (a) PXRD patterns of CsaNa1-xAgxIno.s9Bio.o1Cls with different Na/Ag ratio. (b) Enlarged

view of (422) diffraction peak shift. (c) The cubic crystal lattice parameter as a function of Ag

content. (d) PXRD patterns of CsaNao.99Ago.01In1BiyCls with different In/Bi ratio. (e) Enlarged

view of (220) diffraction peak shift. (f) The cubic crystal lattice parameter as a function of Bi

content.
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Table S1 Inductively coupled plasma optical emission spectrometer (ICP-OES) results and

lattice parameter of CsoNai-«AgxIn1.yBiyCls.

Nominal composition ICP-OES results Refined lattice parameter (A)

CSzNa]_.xAgxl nCl6 & CSzNal.xAgxlno,ggBio,o].Cls

Cs,AgInClg Cs,AgInClg 10.4787
Cs;Nap 2AgosInCle Cs;Nap 22Ag0.78INClg 10.4898
Cs,Nap 4AgosINClg Cs,Nap 44Agdo s6INClg 10.5019
Cs;Nap sAgdosInCle Cs;Nag 51Agdo.40INClg 10.5073
Cs;Nap 6Ago.4INClg Cs,Nap 60Agdo.40INClg 10.5096
Cs;Nap gAgdo2InCle Cs;Nap gsAgdo.15INClg 10.5236
Cs;NalnClg Cs;NalnClg 10.5325
Cs2AgIng.g9Bi0.0:CI6 Cs2AgINg.99Bio.01Cls 10.4830
Cs,Nag 2Ago.8lN0.99Bi0.01C16 CszNa 23Ag0.771N0.99Bi0.01Cls 10.4939
Cs2Nap.4Ago.sINo.99Bi0.01Cl6 Cs2Nap.40Ado.601N0.99Bi0.01Cle 10.5059
Cs,Nag 5Agdo.51N0.99Bi0.01Cl6 Cs2Nag.46Ag0.541N0.99Bi0.01Cls 10.5068
Cs2Nag.6AJo.4INo.99Bi0.0:Cl6 Cs2Nao.61Ag0.391N0.99Bi0.01Cls 10.5157
Cs,Nag gAgo.21N0.99Bi0.01C16 CszNa.s2Ad0.18N0.99Bi0.01Cls 10.5256
Cs2Na0.09AJ0.011N0.99Bi0.01CI6 Cs2Nao.06Ag0.011N0.99Bi0.01Cls 10.5346
Cs,Nalng.goBio.0:Cl6 Cs,Nalng 99Big.01Cle 10.5347

CSzNa|n1.yBin|5 & CSzNaolggAgo,o;[lnj_.yBinls

Cs;NaBiCls Cs;NaBiClg

Cs;Nalno;BiosCls CszNalng 25Bio.75Cls 10.7652
Cs;Nalng 4Bi6Cls Cs;Nalng 49Bio51Clg 10.6931
Cs;NalngeBio.4Cls CszNalng.70Bio.30Cls 10.6269
Cs;Nalng gBio.2Cls Cs;Nalng gsBio.15Cls 10.5801
Cs,Nap 99Ago.01BICls CszNag 99Ago.01BiCls 10.8398
Cs2Nag.99Ago.011N0.2Bio sCls Cs2Nag.97Ag0.031N0.24Bio 76C16 10.7639
Cs2Nag.96Ag0.011N0.4Bi0.sCls Cs2Nao.08Ag0.02IN0.51Bi0.4sCI6 10.6829
Cs2Nag.99Ago.011N0.6Bio.4Cls Cs2Nap.99Ag0.011N0.69Bi0.31Cls 10.6288
Cs2Nag.96Ag0.011N0.8Bi0.2Cls Cs2Nao.06Ag0.011N0.85Bi0.15Cls 10.5780
CsaNap 90Ago.0aINCle CsoNap 99Ago.01INCle 10.5324
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Fig. S2 Rietveld refinements of crystal samples Cs>AglniBi,Cls, Cs2Nai1-xAgxInCls, CsaNai-
xAgxINo.99Bi0.01Cls, CsaNaln1.yBiyCls, and CsyNao.99Ago.01ln1-yBiyCls. The lattice parameters are

listed in Table S1.
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Fig. S3 Raman spectra of (a) Cs2Nao.6Ago.4InCls alloyed with fraction of Bi from 0 to 9.1%, (b)

Cs2NaBiClg alloyed with fraction of Ag from 0 to 16%, (c) Cs2AgInCls alloyed with fraction of Bi

from 0 to 100% and (d) Cs2NaBiCls alloyed with fraction of Ag from 0 to 100%.
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Fig. S4 PL (a) and PLE (c) spectra of Cs2Na1-xAgxIno.g9Bio.01Cls compounds; (b,d) Same as (a,c) but

for Cs2Nao.99Ago.01In1-yBiyCls compounds. (e) PL (triangles) and PLE (circles) peak energies of

CsaNa1xAgxlno.99Bioo1Cls compounds; (f) Same as (e) but for CsaNao.99Ago.01ln1yBiyCls

compounds.



Ab-initio calculations

In Fig. S5 we display the band structure of Cs:Na1.«AgxIn1.yBiyCle double perovskites for several
x and y combinations, calculated by VPSIC. This overview highlights clearly the progressive
band gap narrowing obtained for increasing Ag content; this is due to the combined effect of
the Ag d valence bands and the shrinking of In s conduction bandwidth. In absence of In-Bi
substitutions, all the compounds of the Na/Ag series suffer the parity-forbidden inter-band
transition mechanism which largely suppresses the absorption rate at the band-gap edge, and
shifts the optical absorption onset ~1 eV above in the energy. As discussed in the main text,

this effect is substantially relieved even by a small fraction of In/Bi substitution.
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Fig. S5 VPSIC band energies calculated for various CsaNa1-xAgxIn1.yBiyCls double perovskites;
color code: red for conduction In s and valence Bi s bands; magenta for Ag 4d e.g., bands, blue

for Cl p and Bi p bands.

In Fig. S6 we illustrate the effect of 25% In/Bi doping in pure Na compounds (Cs2Nalnz/aBi1/aCls)
and in 12.5% mixed Na/Ag compounds (Cs2Na7/sAgi/sIns/aBi1/aCls), in order to rationalize the
combined action of Ag and Bi doping. We can see that both Bi and Ag introduce fairly localized
electronic states at the valence band top, specifically Bi 6s and Ag eg states, the latter visibly
hybridized with Cl p ligands, as shown in the DOS. The strong localization of Bi 6s and Ag eg
states for 25% and 12.5% concentrations, respectively, is remarkable. The reason is related to

the lack of hopping with nearest-neighbor Na and In states in the energy region near the VBT.
9



In fact, the Na DOS is not reported in figure since discardable in this energy range. The
simultaneous presence of Bi and Ag apparently does not change significantly the absorption
rate of the pure-Na compound at the band gap onset: in Fig. S6 we show that the absorption
rate difference between the two materials is substantially related to the band gap offset, at
least up to 0.5 eV above the band gap; in the 0.5-1.0 eV window, on the other hand, the
presence of Ag is effective in increasing considerably the absorption rate. This is the region
where the Ag tyg states set in, thus giving a substantial contribution to the DOS with respect

to the pure Na compound.
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Fig. S6 VPSIC calculations for CsaNalns/aBii/aCls and CszNaz/sAgissinzaBiiaCls. a) Orbital-
resolved DOS for CsaNaz/sAgi/slnz/aBiy/aCls. Color code: s (red), p (blue), eg (magenta), tag (cyan).
b) band energies in a narrow window near the VBT for the two examined compounds; band
colors correspond to those used for the DOS. c¢) absorption spectrum for the two compounds;
the vertical dashed lines indicate the band gaps. In the lower panel, the two curves are shifted

by the respective band gaps.
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Fig. S7 The top row represents the alloyed double perovskite CsyNaosAgo.alno.9sBio.o2Cle
(nominal feeding ratio): Photos of single crystals (a) under day light, (b) under 365 nm UV light,
(c) fixed on glass for tandem spectroscopy measurements; (d) PL image of single crystal
photoexcited by the laser during tandem spectroscopy measurements. The bottom row
represents the alloyed double perovskite CsaNao.995Ag0.005BiCls (nominal feeding ratio); (e-h)

Same conditions as for (a-d).
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Fig. S8 Study of PL linearity for two reference composites: upper part are reported
CszNaosAgo4lnCls with (red) and without (orange) 1% Bi doping, lower part Cs;NaBiCls with
(blue) and without (light blue) 1% Ag doping. Squares in plots a) and b) are PL intensity at zero
time delay (PLo), as extracted from TRPL measurements with sub-ns time resolution, as a
function of excitation fluence, to be compared with grey lines representing slope 1. The
linearity study is supported also by the decay profiles of TRPL at different excitation fluences
b) e), with their behavior at short timescales shown in the insets. PL emission spectra reported
in c) and f) are not modified by doping and are the same for long-delay (solid lines) and at zero
time delay (dashed lines), ensuring us that they are coming from the same STE emitting species.
Both the long- and short-timescale decay features reported in b) and e) are not noticeably
affected by power or by Ag/Bi doping. These results are all confirming that our measurements

are performed in linearity regime.
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substitution, e)-h). Photoinduced absorption signals, appearing as negative DT/T spectra (d
and e), were converted to DA/A for an easier visualization of the decay profiles (d and h).
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Fig. S10 Results of TRPL measurements on Cs;Nai1-xAgxInCls crystals with various amounts of
Bi inclusion. The PL spectra are normalized to peak and are taken in a spectral window of 100

ps around the arrival of the excitation pulse.
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