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Table S1. Rietveld refinement results for the synthesized Cs,Agg sNag 4Ing 996Big.004Cls perovskite.

CsAg Na In Bi Cl
2 206 04 6

0996 0.004
Site X y 4 Occ Beq(4?)
Csl 0.25 0.25 0.25 1 1.985(76)
Agl 0 0 0 0.514(11) 22201)
Nal 0 0 0 0.486(11) 2.22(21)
Inl 0.50 0.50 0.50 1.00(59) 1.01(22
Bil 0.50 0.50 0.50 0.04(37) 1.01(22
cll 0.26071(53) 0 0 | 2.08(10)

Table S2. Rietveld refinement results for the synthesized Cs,Agp sNag 4Ing 996Big.004Cls perovskite.

CsAg Na In Bi Cl
2 0.6 0.4 6

0.996 0.004

a(A) 10.51584(26)
V(A% 1162.874(87)
Cs AgInCl (%) 98.56
AgCl(%) 1.44
2 1.07
R, (%) 11.10
R (%) 7.90

Table S3. Weigh and atomic percentage compositions (with relative errors) of the synthesized

material, obtained based on the EDX analysis.

Element Weight (%) Atomic (%) Error (%)

Na 1.88 5.37 12.47
Bi 0.68 0.21 16.07
Cl 32.53 60.35 3.69
Ag 6.41 3.9 5.54
In 15.39 8.82 3.84
Cs 43.11 21.34 2.73
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Figure S1. Unit cell volume as a function of pressure, based on the in-situ powder XRD measurements,
performed in compression (full symbols) and decompression (empty symbols) cycles for the synthesized

CszAg0'6Na0,4In0.99(,B i0.004C16 perovskite .

Overview of theoretical studies — DFT calculations

Ab initio calculations within the framework of density functional theory (DFT),! as
implemented in the Vienna Simulation package (VASP),? were performed for the bulk double
perovskite Cs,AgInClg, i.e., the same structure as the doped material (optimized for
luminescence performance) used in this work for high-pressure studies, but without partial
occupation. The atomic species used were described by employing the projector-augmented
wave pseudopotential (PAW).? To obtain highly accurate results, a plane-wave energy cut-off
of 400 eV was used. The exchange-correlation energy was described within the generalized
gradient approximation (GGA) with the PBE for solids, PBEsol, and prescription.* Integrations
over the Brillouin zone (BZ) were carried out with (6 X 6 x 6) meshes of Monkhorst-Pack k-
points.> This procedure allows convergence in energy above 1 meV per formula unit to be
achieved. For a set of selected volumes, the cell parameters and atomic positions were fully
optimized by calculating the forces on atoms and the stress tensor. In the resulting optimized
configurations, the forces on atoms were less than 0.002 eV/A, and the deviation of the stress
tensor components from the diagonal hydrostatic form was lower than 0.1 GPa. Electronic band
structure calculations were done by choosing the k-path with the SeeK-path tool. The electronic
band structure was studied using the modified Becke-Jhonson (MBJ) meta-GGA functional,

which provides similar gap values to those of the hybrid functional group to overcome the well-
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known DFT underestimation of the band gap energy.®’ All the band gap values were rigidly
added to the scissor correction of 1.15 eV at every pressure point to match the experimental
results.

Lattice-dynamic calculations of the phonon modes were carried out under pressure at
the zone center (I'-point) of the BZ via the direct force-constant approach via the Phonopy
package.® These calculations provide the frequency of the normal modes, their symmetry, and
their polarization vectors. The phonon dispersion and the projected phonon density of states
(DOS) were obtained with the supercell method employing a (2 x 2 x 2) supercell. The elastic
constants were evaluated with the Le Page® method implemented in the VASP code to study
the mechanical stability and elastic properties of the investigated perovskite material via the

elastic moduli obtained from the calculated elastic stiffness constants.

Details of the calculation results — DFT studies

The investigated double perovskite belongs to a cubic crystal system, so it has only three
independent elastic constants, Cj; at zero pressure, which are related to the abovementioned

elastic stiffness coefficient B;; according to the following expression:!®!!

Bii:CiijP,fOI‘izltO6 (1)
Bij=Cj+P,fori#jandi,j=1t0o3 (2)
Bij=Cj,fori£jand1,j=41t06 3)

Notably, a crystal is mechanically stable at zero (ambient) pressure only when the Born stability

criteria are fulfilled.!? In the case of a cubic crystal system, there are three conditions to fulfill:

(D C11-Cq2>0; (II) Cyq > 0; (III) Cyq +2C1 >0 4)
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Figure S2. a Simulated (DFT) unit cell volume, and b the corresponding bulk modulus as a pressure

function for the studied perovskite material.

Table S4. The absolute values of the lattice constants, i.e. unite cell parameter (@) and the unit cell

volume (V) for material under compression process.

Pressure value

Unit cell volume, V'  Lattice parameter

(kbar) (A% a=b=c(A)
0.001 1120 10.38499
15.5 1072 10.23446
29.1 1040 10.13159
36.8 1024 10.07937
454 1008 10.02660
547 992 9.97326
65.1 976 9.91935
76.3 960 9.86485
88.6 944 9.80974
102.0 928 9.7540
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Figure S3. Simulated electronic band structures at 9.8 kbar (a), 45.3 kbar (b), 65.2 kbar (c) and 88.6
kbar (d).
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Figure S4. Simulated 3D representations of the investigated perovskite crystal structures at

ambient pressure and at 100 kbar.
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Table S5. Experimental and simulated (*) Raman modes centroids (energies) at ambient pressure and

the corresponding pressure shift rates for the perovskite material studied.

Peak centroid at ambient Raman mode Shift rate (cm'/kbar)
pressure (cm™)
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Figure SS. a Determined chromaticity coordinates (Y & X) as a function of pressure. b Calculated

absolute (Sa) and ¢ relative (Sr) pressure sensitivities for the corresponding parameters (Y and X

coordinates) as a function of pressure.
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Table S6. Comparison of the performances of commonly used and most sensitive optical (luminescent)

manometers based on the spectral shift of the emission band.

Compounds Transition Operating Pressure Temperature TIMF* Ref.
spectral Sensitivity dependence parameter
range (nm/GPa) (nm/K)

Cs,AgsNag4InClg:Bi3* Exciton Vis 112 0.065 1723 This

emission work
Li3Sc,(PO,);:Cr3* AT, — Ay, NIR 23.896 0.001 23896 13
LiScGeO,:Cr** ATy, — Ay, NIR 23.63 0.002 11815 14
[(CH3)4 N4NIMnCl; 4Ty —%Ay, vis 21 - - 15
BaCN,:Eu?* 5d — 4f vis 19 - - 16
S1Si40,,Clg:Eu?* 5d — 4f vis 9.69 - - 17
NaYy(SiO4)60,:Mn?* Ti(*G) — °A, vis 7 0.043 163 18
ZnS/CaZnOS:Mn?2* AT, —0A, vis 6.2 0.01 620 19
CagNaZn(PO,)7:Eu?* 5d — 4f vis 5.21 - - 20
Li4SrCa(SiOy),:Eu?* 5d — 4f vis 5.19 - - 2
Lu,Mg,A1,S1,0,:Mn?*, Eu?* 5d — 4f vis 3.53 - - 2
K,HfSi,07:Eu?* 5d — 4f vis 3.25 - - 3
CayGdsSigOy6:Ce3* 5d — 4f UV-vis 3.00 1.7x 1073 1765 2
Na;CsMg7(PO,)s: Eu?* 5d — 4f vis 2.13 25
Mg,Gdg(Si04)s0,:Ce** 5d — 4f vis 1.84 26
YVO4Er*/Yb* Mi3n — isn NIR 1.766 -5.16x 103 342 2
BaLi,Al,Si,Ng:Eu?* 5d — 4f vis 1.58 - - 28
GdTaO,:Nd** 3F30— “on NIR 1.34 8 x 104 1675 »

(Ry— Zs)
BaFCl:Sm?* SDy—"F, vis 1.31 -1.6 x 1073 819 30
Y2Si05:Ge*",Pr3* 5d — 4f uv 1.28 - - 3
GdyZnTiOs:Mn** 2E, — YAy, vis 1.11 0.012 92 32
SrFCL:Sm?* SDy—"F, vis 1.1 -2.3 %1073 483 33
Ga,0;:Cr3* E, — Ay, vis 0.948 34

Ry)
NaBiF4:Er** Ti3p—15n NIR 0.8 - - 3
(Stark)
YPO4:Tm?* SH,—3Hg NIR 0.8 ~3 x 107 267 36
YAIO;:Cr* ZE—*A, vis 0.70 7.6 x 1073 92 37
Gd;Sc,Gaz0:Nd3* 4F3,—op NIR ~0.632 - - 38
(Stark)

YBay(Si0,)¢F,:Ce3* 5d — 4f vis 0.63 - - 39
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YPO,Er* Ti3p—sn NIR 0.539 -1.78 x 103 303 40
(Stark)

MgO:Cr* 2E, — YAy, vis 0.504 - - 41

Al,Os(ruby): Cr3* 2E—4A, vis 0.365 7 x 1073 52 42

Y;A1,0,,:Sm2" 4Gyy—°Hy) vis 03 23 % 104 1304 a3
(Stark)

CeN-PVDF (Ce*) 5d - 4f uv 0.28 - - a4

EuPO, Dy — Fy vis 0.27 - - 4

SrB,07:Sm?* Dy — "Fo vis 0.255 -1 x 104 2550 46

SrB,04:Sm?* Dy — "Fy vis 0.24 -1 x 10+ 2400 47

Y3AI5012:Eu3+ 0.197

YF;:Er?* 4Fopn— 151 vis 0.186 -3 x 104 618 48
(Stark)

SrB407:Eu2+ P,,—8S7, uv 0.17 4.8x104 354 49

YAIO3:Nd3+ 4F3,—%o), NIR 0.13 1 %1073 130 37
(Stark)

KMgF3:Eu2+ 6P,,—8S5), uv 0.13 - - 50

*TIMF = temperature invariant manometric factor. In order to quantitatively asses the effect of temperature

on the pressure sensing performance, the TIMF paramater has been introduced recently, which can be

calculated as follows:

TIMF =

sensitivity(T)

sensitivity(p)

)

where sensitivity(p) is the maximum pressure sensitivity (per 1 GPa) and sensitivity(T) is the temperature

sensitivity (per 1 K) at ambient conditions. In general, the TIMF factors higher than 100 characterize the

pressure sensors which can properly work under variable temperature conditions, providing reliable

pressure readouts.

Table S7. Comparison of the performances of commonly used and most sensitive optical (luminescent)

manometers based on the emission bandwidth (FWHM).

Compounds Transition Operating Pressure Temperature TIMF Ref.
spectral range Sensitivity dependence parameter
(nm/GPa) (nm/K)

Cs,AgosNag4InClg:Bi®* Exciton vis 31.5 0.2547 124 This
emission work

NaYy(Si04)s0,:Mn?* Ti(*G) — °A vis 10.13 0.083 122 18

Ca,GdgSig0q4:Ce*" 5d — 4f UVvis 245 2.3x 1073 1065 2

YBay(Si0,)¢F,:Ce3* 5d — 4f vis ~1.81 - - 39
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Figure S6. Pressure cycling data for the developed perovskite sensor - evolution of its emission band
centroid (manometric parameter) during the material compression and pressure release, by cycling the

sample between the extreme pressure values, i.e. ambient and high-pressure conditions (=30 kbar).
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Figure S7. CIE (1931) color diagram showing the thermal evolution of the x and y color coordinates,

determined based on the recorded emission spectra.
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Figure S8. Termogravimetric (TG) curve from 300 to 1373 K for the Cs,A gy ¢Nag 4Ing 996Bi,004Cls

sample.

Uniaxial pressure experiments

In this experiment, we applied relatively low forces ranging from ca. 20 to 425 N, corresponding
to approximately 25-600 bar pressure values. The adjustment of the force/pressure in the system
studied was based on the use of different weights on the sample surface, corresponding to the
given mass acting on the confined material volume. The values of the applied force and pressure
can be calculated based on the well-known relationships between the fundamental physical
quantities, where the gravitational force exerted by an object is given by F'=m x g (where F'is
the force in Newtons, m is the mass in kilograms, g is the acceleration due to gravity, 9.81 m/s)
and p = F/S (where § is the surface area). For the first series of experiments, we used pure
perovskite powder material. We conducted four different compression cycles, differing in the
amount of the loading sample (1.51-3.74 mg) placed between two identical, circular quartz
plates (3 mm? in diameter) located in a measuring chamber. As expected for the uniaxial
pressure experiments (in contrast to the isostatic measurements in a DAC), the amount of
material studied affects the spectral position of the emission band centroid, so the observed shift
rate during compression increases (Figure 6b). This is because when squeezing a small quantity
of the sample, which forms a thin layer that is non-uniformly deposited on the surface of the
measuring chamber, the resulting contact area is smaller than that of the quartz plates used,
further producing higher force/pressure than the expected value. On the other hand, the opposite
effect can be observed for larger amounts of sample, i.e., exceeding the required amount of

material to form a perfect, thin layer on the contact surface. In such a case, the contact pressure
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should be the same as that calculated from the first principles; however, it entirely acts only on

the sample surface, i.e., the interface between the material and the contact object (quartz),

whereas the whole volume of the material is subjected to an average pressure that is lower than

the value calculated for the isostatic conditions.
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Figure S9. a-b, Emission band centroids of the developed perovskite sensor as a function of uniaxial

pressure determined in run 1, for two repetitive cycles (1 — a; 2 — b) of single loading, with sample mass

of 1.51 mg, and 140 um thick. ¢, Representative emission spectra measured at different uniaxial pressure

values for run 1, cycle 1. d-f, Emission band centroids of the developed perovskite sensor as a function

of uniaxial pressure determined in three repetitive sample loadings, i.e., run 2 (d, sample mass: 1.79 mg;

thickness: 167 pm), run 3 (e, 2.94 mg; 237 um) and run 4 (f, 3.74 mg; 302 um); A, = 375 nm.
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