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Figure SI1.  Experimental XRD patterns of the 1D perovskites examined.  

 

 It is known that all four of our 1D perovskites demonstrate at 77 K very broad emission (500 

– 850 nm) with a maximum at 625-650 nm, excited in the range of intrinsic absorption.1-3 Therefore, 

while recording the DR spectra at cryogenic temperatures in the range of the absorption edge and 

higher energies, the integrating sphere recorded both diffusively reflected light and light of the 

photoluminescence (PL). It was shown in our previous study4 that specially selected glass filters 

placed into the integrating sphere over the UV-vis light detector provided for the PL registration 

during the measuring of the DR spectra in the range of the absorption edge. 
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Figure SI2. DR spectra of PyPbI3 (a) and PipPbI3 (b) recorded at room temperature (curves 1), at 100 K 
(curves 2), and at 100 K with glass filter (curves 3). Glass filters: in (a) and (b) PS11+CZC21 
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Figure SI3. (a) DR spectra of PyPbBr3 recorded at room temperature (curves 1), at 100 K (curves 2), and 100 
K with glass filter UFS-2 (curves 3). (b) First derivatives of the DR spectra are relative to wavelength in (a).   
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Figure SI4. (a) DR spectra of PipPbBr3 recorded at room temperature (curves 1), 100 K (curves 2), and at 
100 K with glass filters FS6+PS11 (curves 3). (b) First derivatives of the DR spectra in (a) with respect to 
wavelength.   
 

 Figure SI2, curves 3 show that in the case of both iodides, the selected glass filters precluded 

the PL registration in the DR spectrum at 100 K up to 3.6 eV. In the case of 1D bromides, the selected 

glass filter/filters suppressed the PL. In the sub-absorption edge region (hν < 3.6 eV) but did not 

provide complete suppression of the PL in the range hν > 3.7 – 3.8 eV (curves 3 in Figure S3a and 

S4a). Along with this, non-suppressed PL don’t create any features in the sub-absorption edge region 

of the absorption/reflectance spectra. Comparison of curves 2 and 3 in Figure SI3b and Figure SI4b 

clearly shows that the features of the absorption edge manifested at first derivatives of the DR spectra 

at hν < 3.5 - 3.6 eV as maxima exist independently of the PL suppression. It is essential for the present 

work since just these features at the perovskite’s absorption edge are the main subject of the present 

study.  

           Phase transitions and thermal/photodegradation can manifest in perovskites' diffuse reflectance 

(DR) spectra. Phase transition was well observed in the temperature dependence of the DR spectra of 

MAPbBr3.  
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Figure S5. Temperature dependence of the DR spectra of 3D perovskite MAPbBr3. The inset displays the 
temperature dependence of the bandgap, Ebg (curve 1), and the excitonic feature's spectral position, Eex, (curve 
2 shifted down at 0.04 eV). 
  

 Well documented in the literature, the phase transition in MAPbBr3 occurs at ~150 K (at 158 

K in the insert). It manifests in the DR spectra as a sharp shift of the absorption edge and corresponding 

sharp changes in Ebg and Eex. As Figure 2 A-D in the main text shows, similar temperature behavior 

of the DR spectra was not observed for any of the materials studied. The temperature shift of the 

absorption edge in the DR spectra of all 1D perovskites is always monotonic.   

 The thermal decomposition (degradation) of halide iodides perovskites is well documented in 

the literature. Degradation (photo and dark) of iodide perovskites was extensively studied for 

MAPbI3.5-7 This phenomenon manifests in the absorption/DR spectra as an additional shoulder or 

edge at 2.4 – 2.5 eV. It was established that the final product of MAPbI3 degradation was PbI2. A 

single crystal of PbI2 has a Ebg = 2.47 eV at 100 K.8 
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Figure SI6. The absorption spectra, A = 1 – R, of PyPbI3 diluted in BaSO4 (concentration = 1.56%) at 100 K: 
initial state (curve 1) and the state after exposure in cryostat vacuum at room temperature 1 day (curve 2), 4 
days (curve 3), 6 days (curve 4). The insert shows the absorption spectra of PyPbI3 diluted in BaSO4 
(concentration = 25%) at room temperature. Curve 1 – initial state, curve 2 – after prolonged exposure of the 
sample at ambient conditions under Illumination by daylight (the sample was placed near a laboratory window). 
Only a skinny surface layer of such a sample had yellow coloration, while XRD data for the entire sample, ~0.7 
mm thick, showed no trace of PbI2.   
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Such absorption bands or any additional features are not observed in the DR spectra of our 

samples.  
 

 

References  

(1) Selivanov, N. I.; Rozhkova, Y. A.; Kevorkyants, R.; Emeline, A. V.; Bahnemann, D. W., The effect of 

organic cations on the electronic, optical and luminescence properties of 1D piperidinium, pyridinium, and 

3-hydroxy-pyridinium lead trihalides. Dalton Trans. 2020, 49, 4390-4403. 

(2) Maqbool, S.; Sheikh, T.; Thekkayil, Z.; Deswal, S.; Boomishankar, R.; Nag, A.; Mandal, P. Third Harmonic 

Upconversion and Self-Trapped Excitonic Emission in 1D Pyridinium Lead Iodide. J. Phys. Chem. C 2021, 

125, 22674−22683 

(3) A. M. Alfaraidi, J. Schaab, E. T. McClure, M. Kellogg, T. L. Hodgkins, M. Idris, P. I. Djurovich, S. E. 

Bradforth, B, C. Melot, M. E. Thompson. Temperature dependence of radiative and non-radiative decay in 

the luminescence of one-dimensional pyridinium lead halide hybrids. Phys. Chem. Chem. Phys. 2023, 25, 

21993-22001. 

(4) Kuznetsov, V. N.; Chizhov, Y. V.; Glazkova, N. I.; Mikhailov, R. V.; Selivanov, N. I.; Ryabchuk, V. K.; 

Serpone, N. Absorption Edge Fine Structure in the PyPbI3 Perovskite Revealed by Variable-Temperature 

UV–Vis Diffuse Reflectance Spectroscopy. J. Phys. Chem. C 2023, 127, 17085–17095. 

(5) Aristidou, N.; Eames, C.; Sanchez-Molina, I.; Bu, X.; Kosco, J.; Islam, M. S.; Haque, S. A. Fast oxygen 

diffusion and iodide defects mediate oxygen-induced degradation of perovskite solar cells. Nat. Commun. 

2017, 8, 15218. 

(6) Siegler, T. D.; Dunlap-Shohl, W. A.; Meng, Y.; Yang, Y.; Kau, W. F.; Sunkari, P. P,; Tsai, C. E.; 

Armstrong, Z. J.; Chen, Y.-C. et al. Water-Accelerated Photooxidation of CH3NH3PbI3 Perovskite J. Am. 

Chem. Soc. 2022, 144, 5552–5561. 

(7) Alberti, A.; Deretzis, I.; Pellegrino, G.; Bongiorno, C.; Smecca, E.; Mannino, G.; iannazzo, F.; Condorelli, 

G. G.; Sakai, N,; Miyasaka, T. et al. Atomistic origins of CH3NH3PbI3 degradation to PbI2 in vacuum. 

ChemPhysChem 2015, 16, 3064 – 3071. 

(8) Lin, D. Y.; Guo, B. C.; Dai, Z. Y.; Lin, C. F.; Hsu, H. P. PbI2 Single Crystal Growth and Its Optical Property 

Study. Crystals 2019, 9, 589. 
 
 
 

https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.3c02828
https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.3c02828
https://scholar.google.ru/citations?user=AUfsrIEAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=Tl8p5gYAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=URa1cawAAAAJ&hl=ru&oi=sra
https://aip.scitation.org/doi/abs/10.1063/1.4916821

