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Figure S1. Statistical analysis of the size distribution of the NPOlam 1-3 and NPDDAB 1-3 as measured from the TEM micrographs reported in Figure 2 in 
the main manuscript.

Figure S2. (A)TEM micrograph (scale bar 50 nm) of NPOlam synthesized by using nonanoic acid and purified by a two-step protocol (B) Time-resolved 
PL spectra of NP Olam 1 (black line) NPOlam 2 (red line) and NPOlam 3 (blue line).
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Figure S3. UV/Vis absorption and PL (λex = 375nm) (A) and time-resolved PL spectra (B) of NPDDAB 2 after one- (black line) and two- (red line) step 
purification (C) Table reporting the NP concentration and emission properties.

Figure S4. UV absorption spectra of the reaction mixture (RM) used for the preparation of sample NP Olam 3 with NA before (green line, panel A) and 
after (orange line, panel A) addition of nonanoic acid (NA) solution and  sample NP DDAB 3 before (green line, panel B) and after (orange line, panel B) 
addition of oleic acid (OA) solution. TEM micrographs (C, D), statistical analysis of the size distribution (E, F) and UV-Vis absorption and emission 
spectra (G, H) of nanoparticles synthesized using oleyl amine (Olam) and NA (C, E, G) and didodecyl dimethyl ammonium bromide (DDAB) and OA (D, 
F, H). 

The absorption spectrum (Figure S4 A) of the RMOlam 3, prepared by replacing the oleic acid (OA) with nonanoic acid (NA), shows a 
lineprofile characteristic of highly coordinated bromoplumbates, even before the addition of NA solution, mimicking the cesium 
precursor injection. Since the NA is stronger acid than OA, it shifts the equilibria, releasing oleyl ammonium bromide and HBr. 
Therefore, it would be expected that NA more easily triggers the formation of highly coordinated bromoplumbates in the lead/halide 
reaction mixture than OA. It comes out, that the attained NPs (Figure S4 C, E) show a broad size distribution if compared to the 
corresponding samples achieved in the presence of OA, in agreement with the crucial role attributed to the triggering of PbBr6

4- 

bromoplumbates in the control of NP size distribution control. However, the NPs preserve the same optical properties (λ1st transition= 
501 nm, λem= 507 nm, PL QY= 45%), suggesting that the alkyl carboxylic acid, used in excess in the reaction mixtures, mainly act as 
activating agents in the release of the bromoplumbates, rather than taking part in direct NPs stabilization, as also confirm by NMR 
characterization (Figure 7, main manuscript). It has been often reported for hot injection syntheses of halide perovskite NPs 1, 2 that 
the length of the alkyl chain of the alkyl carboxylic acid regulates the NP size, with bigger NPs achieved using shorter alkyl chain 
carboxylic acid. 
Conversely, the substitution of NA with OA in the synthesis carried out using didodecyl dimethyl ammonium bromide (DDAB) does 
not effectively change the reaction mixture composition, the size and size distribution, the optical properties of the NPs (λ1st transition= 



495 nm, λem= 505 nm, PL QY= 71%). In this case, the bromoplumbate species in this synthesis depends on the alkyl ammonium 
bromide content rather than being dependent on acid-base equilibrium.

Synthesis of colloidal nanoparticles in the presence of phosphorous compounds. NPOPA DDAB have been synthesized following the 

procedure developed by Brown et al. in toluene at room temperature.3 Here, TOPO and OPA are used as solvation agents for PbBr2 

and ligands that, together with DDAB 4 are expected to passivate the CsPbBr3 NPs. Different binding motif have been proposed: 

phosphonic moieties bound to NP surface by chelating lead ions 5, 6 or by monodentate anchoring and inter-ligand hydrogen-bonding 

cage of uncoordinated P-OH and P=O groups to achieve strong passivation and protection to the environment.7 Passivation by 

hydrogen phosphonates, phosphonic acid anhydrides has been described to provide a strong binding to the NP surface enhancing 

the emission properties.8 

Figure S5. (A) UV/Vis absorption and PL spectra (λex = 375nm) of NPOPA DDAB after one-step purification with a reaction mixture: ethyl acetate v/v ratio 
1:3 (black line), 1:2 (red line) and 1:1.5 (blue line). Inset: Pictures of NPOPA DDAB after under normal indoor (top) and UV light (bottom) illumination (B) 
TEM micrograph (scale bar 50 nm) of NPOPA DDAB (C) UV absorption spectra of reaction mixture (RM) used for the preparation of sample NP OPA DDAB 
before (black line) and after (blue line) the addition of nonanoic acid (NA) solution, and after the addition of didodecyl dimethylammonium bromide 
(DDAB) solution (red line) (D) Table with the morphological and spectroscopic properties of the NPOPA DDAB sample prepared after two-step (NPOPA DDAB 
1) and one-step (NPOPA DDAB 2) purification 

Phosphine oxide coordination of cation sites and formation of hydrogen bonds between OPA and TOPO has been accounted for the 

good passivation and enhanced optical properties reported for this sample.9 However, the two-step procedure used for NPs 

purification, bring to a poor NP production yield with NP concentration << 0.1 μM.  An increase in the NP production yield above 0.2 

µM became feasibly attained by reducing the extent of purification purposely balancing the amount of EtAc to reaction mixture v/v10 

to effectively remove side-products and unreacted reagents. Nanocubes with 8 nm average lateral size and σ%=13% have been 

synthesized following this synthetic/purification protocol, showing bright green emission centred at 503 nm (FWHM = 93 meV), with 

a very high PLQY of nearly 78%. The spectroscopic characterization of the RM for NPOPA DDAB at each stage of the reaction (addition of 

NA solution followed by addition of DDAB) reveals the presence of PbBr3
- and PbBr2 bromoplumbates species absorbing at 350 nm 

in the as prepared RM. The absorption feature shifts to lower wavelength probably belonging to PbBr5
3- , with a shoulder at 325 nm, 

corresponding to PbBr6
4-. Therefore, the injection of cesium-nonanoate triggers the formation of PbBr6

4-, even at a lower extent, and 

quite monodispersed NPs are formed. Further addition of DDAB let the absorption shoulder to completely disappears and NPs 

nucleation is thus expected to be quenched.



Comment [MS]:  Sarebbe meglio nella 
figura inserire tutti a destra i valori del 
band gap, anche per Npolam, e 
soprattutto riportare sempre l'unità di 
misura accanto (2.380 eV)

Comment [MG]:  Risolto

Figure S6. Tauc plots of NPOlam (black line), NPDDAB (orange line) and NPOPA DDAB (blue line)

Figure S7. Semiquantitative analysis of the atomic percentage as measured from Energy dispersive X-ray (EDX) spectra of  NPOlam, NPDDAB, and  NPOPA 

DDAB 



Figure S8. (A, B) Thermogravimetric and (C, D) first derivative curves of tetraoctylammonium bromide (TOAB), dimethyl didodecylammonium bromide 
(DDAB), trioctylphosphine oxide (TOPO), octylphosphonic acid (OPA) in the temperature range of 50-700°C. 

Figure S9. (A-I) Normalized PL (λex=375nm) of (A-C) NPOlam, (D-F) NPDDAB, (G-I) NPOPA DDAB stored under ambient conditions for three months

Figure S10. (A-C) Time-resolved PL spectra of (A) NPOlam, (B) NPDDAB, and (C) NPOPA DDAB of the different samples stored under ambient conditions over 
a period of three months.



Figure S11. Table displaying PL emission maximum, full width at half maximum (FWHM), average decay lifetime (<τ>) for NPOlam, NPDDAB, and NPOPA DDAB 

samples stored under ambient conditions for three months.

Figure S12. (A) TEM micrograph (scale bar 50 nm) of NPDDAB sample after three months of storage in ambient condition and (B) statistical analysis of 
the size and size distribution of the as-prepared (B, Figure 2F in the main paper) and aged (C) samples.
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