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S1. 207Pb Chemical Shielding Tensors reported following different 

conventions 

Table S1. 207Pb isotropic chemical shift (δiso), chemical shift anisotropy (Δδ) defined according to the 

Haeberlen and Maryland convention1 and Gaussian linewidth (GB) in 2D RP BA2MAn−1PbnI3n+1 (n=1-4) 

and 3D MAPbI3 as obtained from the lineshape analysis of the corresponding static spectra reported in 

Figure 3.  

   Haeberlen Maryland    

Sample Site δiso [ppm] Δδ [ppm] Ω (span) k (skew)  GB [kHz] 

Intensity 

% 

MAPbI3 3D 1455 0 0 0 22 100 

n=4 

Pb inner 1420 0 0 0 28 52 

Pb outer 1630 -900 900 1 24 48 

n=3 

Pb inner 1360 0 0 0 28 36 

Pb outer 1535 -955 955 1 24 64 

n=2 Pb outer 1390 -810 810 1 24 100 

n=1 Pb outer 1040 -410 410 1 17 100 
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S2. Comparison between 1H wDUMBO and wPMLG experiments 

 

Figure S1. 1H spectra of BA2PbI4 (n=1) recorded using (a) the wDUMBO experiment under MAS at 12 

kHz and (b) the wPMLG experiment under MAS at 15 kHz. 

 

 

Figure S2. 1H spectra of BA2MA2Pb3I10 (n=3) recorded (a) by direct excitation, (b) wPMLG, and (c) 

wDUMBO. All spectra were recorded under MAS at frequencies of 15 kHz (a,b) or 12 kHz (c). 
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Homonuclear decoupling experiments performed in this work (wPMLG and wDumbo) at 

relatively low MAS frequency (12-15 kHz) result in comparable spectral resolution with respect 

to direct excitation spectra recorded under fast MAS at 50 kHz by Lee at al.2 

A comparison between Figure S1 and Figure S2 shows that in the case of the sample with n=1, 

the wDUMBO sequence yields better resolution with respect to wPMLG, while for the other 

samples in the series (of which n=3 is here shown as representing example), the wPMLG sequence 

gives the best resolution.  

 

S3. 1H T1 values of powder and single crystal BA2PbI4 (n=1) 

It has been reported3 that different synthesis methods may cause different 1H T1 values in 3D 

perovskites with the same composition, due to a difference in the size of crystallites. In fact a 

higher concentration of crystals defects in fine powders results in a shortening of T1 values of MA 

(the same effect is reported also for Formamidinium Lead Iodide2). In order to check the presence 

of this effect in our 2D perovskites, we measured 1H T1 of BA2PbI4 (n=1) in powder and in single 

crystal forms in static conditions by saturation recovery at ambient temperature (saturation 

recovery curves are reported in Figure S3), obtaining 1H T1 = 3.01 s for the powder and 1H T1 = 

3.35 s for the single crystal, which are equal within the experimental error.  

 

Figure S3. 1H saturation recovery curves of BA2PbI4 (n=1) in single crystal (a) and powder (b) forms. 
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S4. 13C T1 saturation recovery measurements affected by Nuclear 

Overhauser Effect (NOE)

 

Figure S4. Examples of saturation recovery curves of BA carbons in BA2MAn−1PbnI3n+1 (n=1-4). The 

peculiar behavior can be ascribed to Nuclear Overhauser Effect (NOE). 

 

Although not generally observed in solids, NOE may occur in saturation recovery experiments 

with proton decoupling when 13C T1 values are shorter than 1H T1’s,4 as is the case here for BA 

carbons in 2D BA2MAn−1PbnI3n+1 samples. 

The transient NOE for 13C during the saturation recovery experiment can be expressed as: 4 

 

𝑦 = 𝐴𝑖 [1 − 𝑊𝑒
−

𝑡

𝑇1𝐶 + 𝜖 
𝛾𝐻
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where y and t represent the signal intensity and the recovery delay, respectively; Ai is the 

magnetization at equilibrium; W is a factor (0<W<1) taking into account the effectiveness of the 

saturation; ϵ is an effectiveness factor (0<ϵ<1) that characterizes the maximum fractional NOE 

obtained; 𝛾𝐻 and 𝛾𝐶 , and T1H and T1C are the gyromagnetic ratio (γ) and T1 values for 1H and 13C 

nuclei, respectively. 

We used Equation S1 to fit the curves obtained from 13C saturation recovery experiments (Figure 

S4) and determine 13C T1 values (indicated as T1C in the equation) as best fit parameters. The fitting 

was done using the open-access software platform fitteia®.5,6 All the obtained values are reported 

in Table S2. 

Table S2. 13C T1 values of each carbon of BA in BA2MAn−1PbnI3n+1 (n=1, 2, 3, 4) perovskites 

measured at 125.7 MHz and the indicated temperatures. T1 values are estimated with a ± 5% error, 

for all carbons but carbons a, b and c of sample with n=4 where the error is ± 20%. The letters that 

identify the carbons (a, b, c, d) are illustrated in Figure 7, with “a” being the carbon adjacent to 

the ammonium group and “d” indicating the methyl group. 

 

T [K] 

T1(13C) [s] 

n=1 n=2 n=3 n=4 

a b c d a b c d a b c d a b c d 

293 3.1 4.2 4.4 2.1 2.7 2.8 2.0 2.2 3.6 3.2 3.4 2.1 3.8 3.8 3.6 1.9 

302 4.2 3.9 4.5 2.5 1.5 3.3 2.9 2.7 4.1 3.5 3.8 2.2 5.4 3.4 3.0 2.3 

307 4.1 4.3 5.4 2.7 4.4 3.6 2.9 2.7 4.1 5.2 4.3 3.1 2.4 4.5 3.8 2.4 

313 4.1 4.7 5.4 2.9 6.6 4.1 3.8 2.8 6.3 5.1 4.9 2.5 5.8 3.6 3.4 2.7 

320 3.6 4.1 5.6 3.4 5.0 6.0 5.1 4.6 5.4 6.0 6.5 3.4 8.4 9.9 3.8 2.8 

333 4.7 5.3 7.3 3.9 3.0 8.1 6.6 4.3 9.4 8.5 8.2 4.3 8.7 7.7 6.7 3.3 
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S5. 13C T1 saturation recovery measurements affected by energy level crossing 

between 13C and 127I 

 

Figure S5. Examples of saturation recovery curves for the MA carbon of BA2MAn−1PbnI3n+1 with n=2 (left) 

and n=3 (right).  

13C T1 of MA could not be directly studied under MAS conditions because a crossing between 

energy levels of MA 13C nuclei (spin-1/2) and 127I nuclei (spin-5/2) occurs,7 as also reported for 

lead atoms in perovskites.2,8,9 In Figure S5, examples of saturation recovery curves obtained for 

the MA carbon of BA2MAn−1PbnI3n+1 (n=2 and n=3) are reported as examples. Similar trends have 

been observed for all the samples.  
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S6. 13C T1 measured by Torchia experiments at 298 K 

 

Figure S6. Examples of spin-lattice relaxation decay curves for carbons b and c belonging to 

BA2MAn−1PbnI3n+1 with n=2 and for carbon c of n=3.  

Since the Torchia experiment10 exploits cross-polarization, which in perovskites has reduced 

efficiency, it is troubled by poor signal-to-noise ratio. 13C T1 values obtained at ambient 

temperature by the Torchia experiment reported in Table S3 are equal to the corresponding values 

measured by direct excitation (Table S2) within an error of ±5%, except for some cases (carbon a 

and b for sample with n=1, and carbon d for sample with n=3) for which the S/N was very poor in 

the Torchia experiments. 

Table S3. 13C T1 values of each carbon of BA in BA2MAn−1PbnI3n+1 (n=1-4) obtained at 298 K by Torchia 

experiments. An error of ±5 % can be estimated for these values in all cases except for carbon a and b in 

sample with n=1 and carbon d in sample with n=3 where the error exceeds ±10 % for the very low signal 

to noise ratio. 

 

Carbons 

T1(13C) [s] 

n=1 n=2 n=3 n=4 

a 7.7 3.6 4.6 4.5 

b 5.9 3.4 3.8 5.6 

c 4.8 2.7 3.2 3.6 

d 2.8 2.3 6.4 4.1 
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S7.  Powder X-Ray Diffraction (PXRD)  

 

Figure S7: X-ray diffraction patterns of 2D RP powders BA2MAn-1PbnI3n+1 with n = 1, 2, 3, 4 confirming 

the pure phase of each sample by comparison to diffraction patterns reported in ref. 11 

X-ray diffraction (XRD) analysis was performed utilizing a powder diffractometer (D8 

ADVANCE, Bruker), employing Cu Kα radiation. Data acquisition was carried out with a step 

size of 0.03° over the 2-theta  angle range of 3°-60°. Before characterization, the crystals were 

finely ground in a mortar. 
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