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Supplementary Text 1
[bookmark: OLE_LINK18]Sconfig for all multi-element NCs was calculated according to the following equation:

where R denotes the molar gas constant and xi is the mole fraction of the ith constituent element on the M site.
Supplementary Text 2
Fitting models for TRPL
The fitting parameters can be calculated and fitted using a biexponential model, where τ1 (τ2) represents the decay time of fast (slow) decay; A1 (A2) represents the amplitude of the fast decay (slow decay) component.

The average lifetime can be obtained by:

Supplementary Text 3
To determine the bandgap, perovskite powder was measured in diffuse-reflection mode at room temperature. The refined barium sulfate (BaSO4) powder was used as the standard of 100% reflectance. The reflectance data was converted to absorbance data using Kubelka−Munk equation:

where  is the absorption coefficient and  the reflectivity. The bandgap was then estimated from a Tauc plot.
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Figure S1. Powder XRD patterns of Cs2TeCl6, Cs2SnCl6, Cs2ZrCl6, Cs2HfCl6, Cs2PtCl6, Cs2SeCl6 and Cs2{TeSnZrHfPtSe}Cl6 SCs.
 [image: ]
[bookmark: OLE_LINK95][bookmark: OLE_LINK94]Figure S2. Colloidal products synthesized from five metal acetate precursors, including CH3COOCs, Sn(CH3COO)4, Zr(CH3COO)4, Hf(CH3COO)4, TeO2 and PtO2. a, Photographs and b, XRD pattern.
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Figure S3. Colloidal products synthesized from five metal oxide precursors, including Cs2O, SnO2, ZrO2, HfO2, TeO2 and PtO2. a, Photographs and b, XRD pattern.
[image: ]
[bookmark: OLE_LINK37]Figure S4. Colloidal products synthesized from five metal nitrate precursors, Cs(NO3), Sn(NO3)4, Zr(NO3)4, Hf(NO3)4, Pt(NO3)4 and TeO2. a, Photographs and b, XRD pattern.


[image: ]
Figure S5. a, XRD patterns of Cs2ZrCl6 NCs, Cs2{ZrHf}Cl6 NCs, Cs2{ZrHfSn}Cl6 NCs and Cs2{ZrHfSnTePt}Cl6 amorphous products synthesized from metal acetate precursors. b, Schematic diagrams of mechanisms for entropy stabilization effect during synthesis process.
 [image: ]
[bookmark: OLE_LINK88]Figure S6. TRPL spectrum of Cs2{TeSnZrHfPt}Cl6 NCs.

[bookmark: OLE_LINK19][image: ] 
Figure S7. Commission Internationale de l’Eclairage (CIE) chromaticity coordinates of Cs2{TeSnZrHfPt}Cl6 NCs.
[image: ]
[bookmark: OLE_LINK91]Figure S8. Photographs of Cs2{TeSnZrHfPt}Cl6 SCs under a, room light and b, 365 nm UV irradiation. 
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[bookmark: OLE_LINK89]Figure S9. PL stability of Cs2{TeSnZrHfPt}Cl6 NCs.
[image: ]
Figure S10. HR-TEM image of a Cs2{TeSnZrHfPt}Cl6 NC. Scale bar: 10 nm.
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Figure S11. XPS spectra of Cs2{TeSnZrHfPt}Cl6 NCs prepared by precoordination-directed synthesis method.
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Figure S12. Calculated configurational entropy of Cs2TeCl6, Cs2{TeSn}Cl6, Cs2{TeSnZr}Cl6, Cs2{TeSnZrHf}Cl6, Cs2{TeSnZrHfPt}Cl6, and Cs2{TeSnZrHfPtSe}Cl6 NCs.


 [image: ]
Figure S13. Particle size distribution statistics of Cs2TeCl6 NCs, Cs2{TeSn}Cl6 NCs, Cs2{TeSnZr}Cl6 NCs, Cs2{TeSnZrHf}Cl6 NCs, Cs2{TeSnZrHfPt}Cl6 NCs and Cs2{TeSnZrHfPtSe}Cl6 NCs measured by a, TEM and b, DLS.
[image: ] 
[bookmark: OLE_LINK2][bookmark: OLE_LINK14]Figure S14. a, PLE map and b, PLE spectrum (monitored at the peak emission wavelength of 580 nm) of Cs2{TeSnZrHfPt}Cl6 NCs.
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[bookmark: OLE_LINK15][bookmark: OLE_LINK4]Figure S15. a, PL spectra of Cs2{TeSnZrHfPt}Cl6 NCs under various excitation light powers. b, Relationship between PL peak intensity and excitation power. 
[image: ] 
[bookmark: OLE_LINK90]Figure S16. a, PL and b, UV−vis absorption spectra of the products obtained via different synthetic routes with increasing chloride concentration.
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Figure S17. Photographs of synthesis process via different synthetic routes with increasing chloride concentration.

[image: ]
Figure S18. Three different configurations of Zr and HE (containing Te, Sn, Zr and Hf) systems used in computational methods. The entropy-driven stability from initial state to final state stems from lattice distortion and the cooperative interaction of multiple elements, making the dissociation of acetate ions more difficult in the HE during synthesis.

[image: ]
Figure S19. Photocatalytic durability test for Cs2{TeSnZrHfPt}Cl6 NCs over five times. Reaction conditions: 2 mg photocatalyst; 5 mL toluene; 180 min. The error bars were calculated from three independent experiments.
[image: ]
Figure S20. UV−vis spectra of Cs2{TeSnZrHfPt}Cl6 NCs before and after photocatalytic toluene oxidation reaction.

[image: ] 
Figure S21. XRD patterns of Cs2{TeSnZrHfPt}Cl6 NCs before and after photocatalytic toluene oxidation reaction.
[image: ]
Figure S22. XPS spectra of Cs2{TeSnZrHfPt}Cl6 NCs before and after photocatalytic toluene oxidation reaction.
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Figure S23. Comparison of photocatalytic toluene oxidation performance of this work and some recently reported materials.
[image: ]
[bookmark: OLE_LINK20]Figure S24. a−c, Calibration curves of benzaldehyde, benzyl alcohol and benzoic acid.
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[bookmark: OLE_LINK21]Figure S25. a−g, Calibration curves of desoxybenzoin, benzoic acid, benzaldehyde, R,S-hydrobenzoin, benzyl alcohol, R,R-hydrobenzoin and benzoin.

[image: ]
[bookmark: OLE_LINK7]Figure S26. a−i, Calibration curves of methane, ethene, ethyl alcohol, methyl alcohol, propylene, ethane, dimethylmethane, carbon dioxide and carbon monoxide.
[image: ]
[bookmark: OLE_LINK12][bookmark: OLE_LINK17]Figure S27. Photocatalytic toluene selective oxidation performance of Cs2SnCl6, Cs2TeCl6, Cs2ZrCl6, Cs2HfCl6, Cs2PtCl6, Cs2SeCl6 and Cs2{TeSnZrHfPt}Cl6 NCs under 365 nm irradiation. Reaction conditions: 2 mg photocatalyst; 5 mL toluene; 180 min. The error bars were calculated from three independent experiments.

[image: ]
Figure S28. Photocatalytic toluene selective oxidation performance of Cs2{SnZrHfPt}Cl6, Cs2{TeZrHfPt}Cl6, Cs2{TeSnHfPt}Cl6, Cs2{TeSnZrPt}Cl6 and Cs2{TeSnZrHf}Cl6 NCs under 365 nm irradiation. Reaction conditions: 2 mg photocatalyst; 5 mL toluene; 180 min. The error bars were calculated from three independent experiments.
[image: ]
Figure S29. UPS spectra of Cs2TeCl6 and Cs2{TeSnZrHfPt}Cl6 NCs measured by He I (hʋ = 21.22 eV) spectra.


[image: ] 
[bookmark: OLE_LINK9]Figure S30. UV−vis absorption spectra of Cs2TeCl6, Cs2{TeSn}Cl6, Cs2{TeSnZr}Cl6, Cs2{TeSnZrHf}Cl6 and Cs2{TeSnZrHfPt}Cl6 NCs.
[image: ]
Figure S31. EIS curves of perovskite NCs. The inset shows the equivalent circuit.
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[bookmark: OLE_LINK13][bookmark: OLE_LINK11]Figure S32. Steady-state PL spectra of Cs2TeCl6, Cs2{TeSn}Cl6, Cs2{TeSnZr}Cl6, Cs2{TeSnZrHf}Cl6 and Cs2{TeSnZrHfPt}Cl6 NCs dispersed in toluene.
[image: ]
[bookmark: OLE_LINK5][bookmark: OLE_LINK32]Figure S33. Photocurrent responses of Cs2TeCl6, Cs2{TeSn}Cl6, Cs2{TeSnZr}Cl6, Cs2{TeSnZrHf}Cl6 and Cs2{TeSnZrHfPt}Cl6 NCs under a bias of -0.1 V relative to the Ag/AgCl reference electrode.


[image: ]
[bookmark: OLE_LINK71]Figure S34. In-situ ATR-SEIRAS spectra of local C−H, C=O and O−H stretching signals of Cs2TeCl6 and Cs2{TeSnZrHfPt}Cl6 NCs. The in-situ ATR-SEIRAS spectra were collected under 365 nm irradiation and light intensity of 65 mW cm−2. Reaction conditions: 2 mg photocatalyst; 5 mL toluene.
[image: ]
Figure S35. Photocatalytic performance of Cs2{TeSnZrHfPt}Cl6 NCs under standard conditions (Cat.) and with different scavengers, including tetrachloromethane (CCl4), triethanolamine (TEOA), 2,6-di-tert-butyl-4-methylphenol (BHT), and p-benzoquinone (p-BQ).


[image: ]
[bookmark: OLE_LINK23]Figure S36. EPR detection of ⸱R radical using DMPO as the spin-trapping agent.


Table S1. Rietveld refinement results of as-synthesized Cs2{TeSnZrHfPt}Cl6 NCs. 
	Empirical formula
	Cs2Te0.2Sn0.2Zr0.2Hf0.2Pt0.2Cl6

	Formula weight
	691.25

	Temperature/K
	273.15

	Crystal system
	FCC

	Z
	4

	Space group
	

	a/Å
	10.36

	b/Å
	10.36

	[bookmark: OLE_LINK10]c/Å
	10.36

	α/°
	90.00

	β/°
	90.00

	γ/°
	90.00

	Volume/Å3
	1113.29

	Radiation wavelength
	Cu Kα (λ = 1.54178 Å)

	Rwp/%
	7.76

	Rp/%
	6.18

	χ2
	3.68
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