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ABSTRACT  

The stability of CsPbBr3 nanocrystals (NCs) in open air remains challenging and can vary 

depending on the specific material and conditions. Generally, perovskites are prone to 

degradation due to oxygen, moisture, polar solvent, and light exposure. In this work, we have 

aimed to develop strategies to improve the stability of CsPbBr3 perovskite and broaden its 

potential applications in organic synthesis. An orthorhombic CsPbBr3 perovskite nano-crystal 

(NC) obtained from bromide precursor dibromoisocyanuric acid, can work efficiently as a 

visible light photocatalyst (blue LED, 5 mol % and TON ~ 18.11) under O2 atmosphere and in 

acetonitrile (dielectric constant ε ~ 37.5). The synthesis of diaryl sulfides and a diaryl selenide 

were achieved via template-free C-H functionalization of electron-rich arenes. The electron-

rich arenes also helped to enhance the stability of the CsPbBr3 perovskites photocatalyst within 

the reaction system. The orthorhombic and bromide-rich CsPbBr3 NC displayed superior 

photocatalytic activity than cubic CsPbBr3 NCs and was found to be environmentally benign. 

After the reaction, only 32 ppb of Pb(II) was leached out (ICP-OES analysis) which is quite 

lower than the maximum permissible limit for drinking water of humans (50 ppb). 

 

INTRODUCTION 

The lead halide perovskite CsPbBr3 nanocrystals (NCs) are the materials that have gained 

significant attention recently due to their exceptional optoelectronic properties.1 They have 

shown promising potential for various applications which include solar cells,2-5 light-emitting 

diodes,6-7 lasers,8-9 and photodetectors.10 In addition, the perovskites are widely used as 

photocatalysts for H2 generation, CO2 reduction, N2 fixation, dye degradation, etc.11-14 This is 

due to its high absorption coefficient, tunable bandgap, and high photoluminescence quantum 

yield. In addition, CsPbBr3 perovskite has a relatively low cost and is simple to synthesize, 

making it a promising material for large-scale applications.15 
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In recent times, the CsPbBr3 perovskite NCs also have been explored as photocatalysts in 

organic synthesis.16-21 Photocatalysis has gained interest as a green and sustainable alternative 

to traditional chemical synthesis methods, which often rely on high temperatures and/or harsh 

chemicals.22-23 However, there are still some challenges associated with CsPbBr3 perovskite, 

such as its long-term stability24 and the toxicity of lead. Nevertheless, ongoing research is 

aimed at addressing these issues and developing more efficient and stable perovskite-based 

photocatalysts. The major challenges for practical utilization of the perovskites NCs as 

photocatalysts in organic synthesis is the instability of perovskites towards light,25-30 

moisture,25-26, 28-29 O2 atmosphere,25-28 and polar solvent.31-32 

 

The C-H chalcogenation is a valuable strategy for synthesizing chalcogen-containing 

compounds, which have a wide range of applications, including pharmaceuticals, materials 

science, and catalysis.33-35 The C-H chalcogenation process can be carried out using various 

methods, including transition-metal catalysis,36 photoredox catalysis,37  and organocatalysis.38 

In recent years, significant progress has been made in the development of more efficient 

methods for C-H chalcogenation.39-40 Maiti and co-workers have reported a ligand-assisted 

palladium-catalyzed C-H activation approach for the synthesis of chalcogens. This method 

utilizes palladium catalysts, which can functionalize the C-H bond of arenes and mediate the 

reaction with chalcogens like diaryl disulfide and diaryl diselenide (Figure 1a).41 Lei and co-

workers have identified the C-H functionalization of electron-rich arenes using stoichiometric 

oxidants, such as 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ).42  

 

RESULTS AND DISCUSSION 

To the best of our knowledge, C-H chalcogenation of arenes using visible light photocatalysis 

is hitherto unknown. Herein, we report the synthesis of diaryl sulfides and diaryl selenide 
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(Figure 1c) under visible light (blue LED) using CsPbBr3 NCs as photocatalyst. Moreover, the 

synthesis of the CsPbBr3 perovskites was achieved by using hot injection methods.43-44 The 

green-fluorescent orthorhombic CsPbBr3 (DBIA-CsPbBr3) NC was synthesized using 

dibromoisocyanuric acid as the bromide-precursor (Figure 1b).45 Orthorhombic CsPbBr3 

perovskite is known for its high stability and improved performance in optoelectronic devices, 

compared to its cubic counterpart.46 This is due to its more ordered crystal structure and 

improved optical properties. The cubic CsPbBr3 perovskites DBHT-CsPbBr3, NBS-CsPbBr3 

and NBA-CsPbBr3 were obtained using bromide-precursors 1,3-dibromo-5,5-dimethyl 

hydantoin (DBHT),47 N-bromosuccinimide (NBS)48 and N-bromoacetamide (NBA), 

respectively. The use of the N-bromoacetamide (NBA) precursor for the synthesis of NBA-

CsPbBr3 NC is indeed a relatively novel approach. 
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Figure 1. The C-H chalcogenation reactions. a) Pd(II) catalyzed Maiti’s report.41 b) The 

synthesis of orthorhombic DBIA-CsPbBr3.
45 c) The DBIA-CsPbBr3 as visible light 

photocatalyst for C-H chalcogenation.  

 

The PXRD pattern showed that the structure of the newly synthesized NBA-CsPbBr3 is also 

cubic, similar to the DBHT-CsPbBr3
47 and NBS-CsPbBr3,

48 whereas DBIA-CsPbBr3 is 

orthorhombic (Figure 2a). The images from transmission electron microscopy (TEM) 

demonstrate the morphologies of the CsPbBr3 NCs and average edge length (8 ~ 8.4 nm) 

(supporting information). However, the TEM image of the newly synthesized NBA-CsPbBr3 

is shown in Figure 2b. In the photophysical study, the colloidal suspension of NCs in hexane 

exhibited significant broad absorption bands in the visible region (up to 525 nm) (Figure 2c). 
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All the CsPbBr3 NCs suspension displayed intense green photoluminescence with a 

comparable quantum yield near unity (Ф ~ 0.92 to 0.99) (Figure 2c).45, 47-48  

 

The other factors that can influence the colloidal stability of CsPbBr3 perovskite NCs, are the 

presence of various aromatic molecules, which can prevent particle aggregation and improve 

the long-term stability of the NCs.49-50 We have also established that the electron-rich arenes 

like methoxy benzenes also been shown to increase the stability of the CsPbBr3 perovskite 

(supporting information). The fluorescence quenching experiments that were performed with 

1,3,5-trimethoxy benzene 1a (vide infra) in acetonitrile under aerobic conditions can provide 

information about the relative stability of the CsPbBr3 NCs in the presence of electron-rich 

arenes (Figure 2d). The experiments involved adding 1a to a solution of CsPbBr3 NCs in 

acetonitrile and measuring the fluorescence intensity of the solution after 24 h, which remained 

unchanged with DBIA-CsPbBr3. Contrastingly, NBS-CsPbBr3, DBHT-CsPbBr3 and NBA-

CsPbBr3 NCs showed quenching of the fluorescence intensity in acetonitrile in the presence of 

1a (Figure 2d). It is indeed interesting that under aerobic conditions and in polar solvent 

acetonitrile, the CsPbBr3 NCs showed degradation, and among them, DBIA-CsPbBr3 exhibited 

better stability in the absence of electron rich arenes.  
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Figure 2. a) PXRD of all the CsPbBr3 NCs. b) TEM image of NBA-CsPbBr3. c) Absorption 

and emission spectra of all the CsPbBr3 NCs.  d) Relative stability of the CsPbBr3 NCs in the 

presence of electron-rich arene 1,3,5-trimethoixy benzene (1a). 

 

The information of optimized reaction conditions provided in Figure 3a and the detail of 

optimization is given in the supporting information. The synthesis of phenyl(2,4,6-

trimethoxyphenyl)sulfane 3aa was achieved from electron-rich 1,3,5-trimethoxybenzene 1a 

(0.35 mmol) and 1,2-diphenyldisulfane 2a (0.43 mmol) using DBIA-CsPbBr3 (5 mol %) in dry 

acetonitrile (dielectric constant ε ~ 37.5) and O2 (aerobic) atmosphere under blue LED (λ ~ 450 

- 455 nm). The results presented in Figure 3b indicate that the yield of compound 3aa using 

the DBIA-CsPbBr3 photocatalyst was found to be the highest among the photocatalysts tested, 
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with a yield of approximately 88%. This is higher compared to the yields obtained using NBS-

CsPbBr3 (57%), DBHT-CsPbBr3 (51%), and NBA-CsPbBr3 (75%) photocatalysts. These 

results suggest that the DBIA-CsPbBr3 photocatalyst is more effective in promoting the 

reaction to produce 3aa than the other photocatalysts.  

 

 

Br – source Crystal Pattern Edge Length 

(nm) 

τ (ns) Фfl Yield of 

3aa (%) 

NBS Cubic48 8.4 9.7 99 57 

DBHT Cubic47 8 7.4 92 51 

NBA Cubic (new) 8.4 10.2 92 75 

 DBIAA Orthorhombic45 8.3 12.5 93 88 

 

Figure 3. a) The optimized reaction condition. b) Bromide-precursors used for the synthesis of 

CsPbBr3 NCs and the properties of the NCs.  
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The photoluminescence lifetime studies were also conducted for the CsPbBr3 NCs (τ ~ 7 to 

12.5 ns) (Figure 3b).45, 47-48, 51 Redox potentials of the CsPbBr3 NCs are determined through 

cyclic voltammetry (CV) experiments (oxidation potentials, Eox = +1.6 V and the reduction 

potentials, Ered = −1.15 ~ − 1.25V) (Figure S8, supporting information). 

 

 

Figure 4. The products from the reactions with a) various disulfides b) and a diselenide. c) 

Unsuccessful attempts.  
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The reaction efficiency of different disulfides in the presence of electron-rich arenes is shown 

in Figure 4a. A variety of disulfides and diselenides were subjected to the reaction under 

standard conditions. The -Me, and -OMe groups at the para- and ortho-positions of disulfide 

produced the corresponding phenyl sulfanes 3aa-3ae with high yields (88% to 94%). Again, -

F containing diaryl disulfides produced thioethers 3af, 3ag, and 3ah with 72%, 69%, and 68% 

yield, respectively. Next, thioethers 3ai-3ak having –Cl substituent were synthesized with 65-

75% yields. 4-Dibromodiaryl disulfide resulted in 3al with 79% yield. Compounds 3am and 

3an were synthesized with 61% and 57% yields, respectively. Furthermore, 1,2-di(thiophen-2-

yl)disulfane  and 1,2-di(pyridin-2-yl)disulfane reacted well to produce the corresponding 

thioethers 3ao and 3ap with 50% and 48% yields, respectively. Polyaromatic containing 

disulfide yielded the corresponding diaryl sulfide 3aq with 75% yield. The coupling reaction 

between aliphatic disulfide and trimethoxybenzene to produce compound 3ar failed. The 

sluggish reaction was observed with anisole under the standard condition. On the other hand, 

the successful coupling of diaryl diselenide (Figure 4b) with 1,3,5-trimethoxybenzene 1a to 

produce 3as in 79% yield indicates that the reaction conditions were also favorable for this 

system. The structure of the substrates shown in Figure 4c, which could not be isolated.  

 

The control experiments shown in Figure 5 provided important information about the reaction 

mechanism. The energy potential diagram shown in Figure 5a, obtained from CV (cyclic 

voltammetry) experiments, for the photocatalyst (PC) and the reactants 1a and 2a. The 

observation of a lowering of photoluminescence intensity with increasing addition of disulfide 

suggests that the disulfide quenches the photoluminescence of CsPbBr3 in acetonitrile with a 

quenching constant of kq = 7.52 × 1012 s−1 M−1 (Figure 5b). The results presented in Figure 5c 

demonstrate the visual change before and after the reaction under visible light and UV light. 

The fact that the CsPbBr3 remains crystalline even after the reaction, as shown in Figure S10 
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(supporting information), suggests that the material retains its structural integrity and is likely 

to remain catalytically active. The observation of a strong signal in EPR in the trapping 

experiment in the presence of 5,5-dimethyl-1-pyrroline-N-oxide (DMPO, Figure 5d) provides 

evidence for a radical-based pathway in the reaction.52 The radical-based mechanism was 

further supported by the experiments using 1,1-diphenylethylene, 2,2,6,6-

tetramethylpiperidine 1-oxyl radical (TEMPO), and butylated hydroxytoluene (BHT) as radical 

scavengers (Figure 5e). In the light On-OFF-ON experiment (Figure 5f), the reaction was done 

under three different conditions: once with the light turned on (ON), once with the light turned 

off (OFF), and once with the light turned on again (ON). By comparing the results of the three 

conditions, it was established that visible light is indeed essential for the reaction. 
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Figure 5. a) Energy potential diagram of the reactants (1a and 2a) and photocatalyst (PC). b) 

Fluorescence quenching experiment of DBIA-CsPbBr3 upon addition of 2a in acetonitrile and 

Stern-Volmer quenching plot (inset). c) Photograph of the reaction mixture before and after 

irradiation. d) EPR study in the presence of DMPO. e) Radical trapping experiments with 

TEMPO and BHT. f) The light ON-OFF-ON experiment. 

https://doi.org/10.26434/chemrxiv-2023-rs2zh ORCID: https://orcid.org/0000-0002-7830-9812 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-rs2zh
https://orcid.org/0000-0002-7830-9812
https://creativecommons.org/licenses/by-nc-nd/4.0/


13 
 

A plausible reaction mechanism is shown in Figure 6a. The presence of a strong absorption 

band in the visible region of the DBIA-CsPbBr3 NCs makes them susceptible to photochemical 

excitation after absorption of visible light (blue LED). The disulfide radical cation can be 

generated through the hole transfer (HT) process from the valence band (VB) of the CsPbBr3 

perovskite to the disulfide moiety. The comparison of the redox potentials can provide insights 

into the driving force for the hole transfer process and the photocatalytic activity of the DBIA-

CsPbBr3 NCs (Eox = +1.17 V of disulfide < E*red = +1.28 V of CsPbBr3) (Figure 5a). The 

disulfide radical cation generated can react with electron-rich arenes to form intermediate I, a 

radical cation. The superoxide radical anion can be generated through an electron transfer 

process53 from the conduction band of the perovskite to molecular oxygen. In this process, the 

electrons in the conduction band of the perovskite are transferred to molecular oxygen (O2), 

forming superoxide radical anions (O2
–·). These superoxide radical anions can then react with 

intermediate I, leading to deprotonation and led to the formation of product 3aa and by-product 

hydrogen peroxide (H2O2). The formation of hydrogen peroxide (H2O2) was confirmed by UV-

vis spectroscopy through the detection of tri-iodide (I3
-) in the reaction medium. The detection 

of tri-iodide is typically performed by adding potassium iodide (KI) and dilute acid to the 

reaction mixture, which can then be monitored by UV-vis spectroscopy. The appearance of a 

peak in the UV-vis spectrum at a wavelength of 359 nm was indicative of the formation of tri-

iodide, which confirms the presence of hydrogen peroxide in the reaction medium.54 
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Figure 6. a) Plausible reaction mechanism. b) The lead leaching experiment after the reaction.  

 

The Turn Over Number (TON) measures the catalytic efficiency of the catalyst and in this case, 

the TON of DBIA-CsPbBr3 NC is 18.11.55 The perovskite NCs were recovered from the 

reaction mixture through simple centrifugation (Figure 6b) and the low level of Pb leaching, as 

indicated by the ICP-OES (inductively coupled plasma optical emission spectrometry) analysis 

of the filtrate, is also encouraging compare to the previous report.17 The fact that only 32 ppb 

(parts per billion) of Pb was leached, shows that this photocatalyst is relatively safe and can be 

used without significant environmental concern. The maximum allowable amount of lead in 

drinking water is set at 50 ppb (parts per billion).56 So, it is possible that DBIA-CsPbBr3 NCs 

are considered to be environmentally benign visible light photocatalysts. 
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This is likely due to the unique crystal structure of orthorhombic DBIA-CsPbBr3 perovskite 

nanocrystals (NCs), which allows for a more efficient transfer of electrons and holes compared 

to other cubic CsPbBr3 NCs. This leads to a longer photoluminescence lifetime and quantum 

yields (Ф) compare to the cubic NCs. Importantly,  the specific properties of perovskite NCs 

can also be influenced by other factors such as the modified synthetic methods,57-60  surface 

treatment,5 post-synthetic modifications,61 etc.  The photoluminescence quenching study was 

carried out of these perovskites in acetonitrile (ACN) and under O2 atmosphere where 

orthorhombic CsPbBr3 displayed more stable behavior compare to the cubic CsPbBr3 

perovskites (Figure 2d, and Figures S4 and S5, supporting information). The intrinsic stability 

of orthorhombic DBIA-CsPbBr3 perovskite can be attributed to the fewer crystal defects62 and 

higher bromide ion ratios,63 as these factors contributed to the stability of the orthorhombic 

CsPbBr3 perovskite. A perovskite NC with fewer crystal defects is less prone to degradation, 

while a higher bromide ion ratio can improve the overall stability of the material. In addition, 

we have shown that the electron rich arenes can improve the stability of the perovskite NCs 

within the reaction system.  

 

Derivatization of the synthesized compounds (diaryl sulfides) is shown in Figure 7. meta-

Chloroperoxybenzoic acid (mCPBA) was used for the oxidation of diaryl sulfide 3aa into the 

corresponding sulfoxide (Figure 7a).64 The Suzuki (Figure 7b)65 and Sonogashira (Figure 7c)66 

cross-coupling reactions were performed on the compound 3aj. 
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Figure 7. Synthetic utilities of the diaryl sulfides. a) Oxidation of 3aa using mCPBA. b) The 

Suzuki and c) Sonogashira cross-coupling reactions of 3aj.  

 

CONCLUSION 

In conclusion, the use of an orthorhombic CsPbBr3 perovskite nanocrystal (NC) as visible light 

photocatalysis, for the synthesis of diaryl sulfides and a diaryl selenide has been reported here. 

Compared to the cubic-perovskites (NBS-CsPbBr3, DBHT-CsPbBr3 and DBA-CsPbBr3) the 

orthorhombic DBIA-CsPbBr3 is found to be an efficient visible light photocatalyst under blue 

LEDs, aerobic condition and in polar solvent like acetonitrile (dielectric constant ε ~ 37.5). The 

intrinsic stability of the orthorhombic CsPbBr3 was due to the fewer crystal defect and higher 

bromide ion ratios. In addition, one of the reactants 1,3,5-trimethoxy benzene also helped to 

increase the stability of the DBIA-CsPbBr3 NC within the reaction system. Due to low lead 

leaching after the reaction, this NC can also be considered as an environmentally benign 
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photocatalyst. We anticipate that the results of this work have the potential to provide new 

insights and guidelines for the fields of synthetic organic and material chemistry.   

 

EXPERIMENTAL SECTION  

 

Chemicals. All the reagents were purchased from commercially available sources and used 

without further purification. All organic solvents were also received commercially and purified. 

 

Synthesis of DBIA-CsPbBr3 NCs. CsPbBr3 NCs were synthesized according to the literature 

procedure.45 Pre-dried Cs2CO3 (195 mg, 0.6 mmol), ODE (9 mL), and OA (1.0 mL) were taken 

in a two-necked 50 mL round-bottom flask (RB). The reaction mixture was dried under vacuum 

for 30 min at 120 °C and then transferred to the N2 atmosphere for 1 h, maintaining the same 

temperature to become a clear solution. In another three-necked 25 mL RB, PbO (44 mg, 0.3 

mmol), DBIA (174 mg, 0.6 mmol) and ODE (5 mL, pre-dried) were added respectively. The 

reaction mixture was kept under vacuum for 30 min at elevated temperature (~120 °C) followed 

by to the N2 environment at 130 °C. After 10 min, 1.0 mL OA and 1.0 mL OLA were injected 

to the reaction mixture and temperature of the reaction mixture was raised to ~200 °C. Then, 

cesium-oleate (~0.8 mL) solution (preheated at 100 °C) was swiftly injected into the reaction 

mixture. Subsequently, the reaction was quenched in an ice bath. After that, 3 mL of MeOAc 

was added to the mixture and centrifuged for 10 min at 6500 rpm. The supernatant was 

discarded, and the precipitation was dispersed in hexane and kept in the refrigerator for 30 min. 

The suspension was again centrifuged for 10 min at 6500 rpm. Finally, the supernatant 

containing the NCs and precipitation were separated and both were stored for future 

experiments.  
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Synthesis of NBA-CsPbBr3 NCs. NBA-CsPbBr3 NCs was synthesized using the same 

procedure as previous using NBA (83 mg, 0.6 mmol).45  

 

Synthesis of DBHT-CsPbBr3 NCs. NBA-CsPbBr3 NCs was synthesized following the 

literature procedure using DBHT (172 mg, 0.6 mmol).47  

 

Synthesis of NBS-CsPbBr3 NCs. NBA-CsPbBr3 NCs was synthesized following the literature 

procedure using NBS (107 mg, 0.6 mmol).48  

 

Powder X-ray Diffraction Measurement (PXRD). PXRD pattern was collected using Bruker 

Davinci D8 diffractometer (Cu-Ka radiation; λ=0.15418 nm). A thin film of the sample was 

prepared by drop-casting the concentrated suspension of NCs onto a thin quartz plate. 

 

Transmission Electron Microscopy (TEM). TEM images were captured by JEOL (JEM-

2100) operating at an accelerating voltage of 200 kV. The sample was prepared on a carbon-

coated copper grid by drop-casting the dilute suspension of NCs in hexane. 

 

Energy Dispersive X-ray Spectroscopy (EDX). Energy dispersive X-ray spectra were 

recorded by Oxford instruments X-MaxN SDD (50 mm2) system and INCA analysis software 

attached with Carl Zeiss FESEM instrument. 

 

Absorption and Photoluminescence Measurements. UV-VIS absorption and steady-state 

photoluminescence (PL) spectrum of a colloidal suspension of NCs were recorded with 

JascoV-730 spectrophotometer and Edinburgh spectrofluorometer FS5 with SC-25 cuvette 

holder, respectively.  

https://doi.org/10.26434/chemrxiv-2023-rs2zh ORCID: https://orcid.org/0000-0002-7830-9812 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-rs2zh
https://orcid.org/0000-0002-7830-9812
https://creativecommons.org/licenses/by-nc-nd/4.0/


19 
 

Absolute quantum yield was measured by using an integrating sphere (SC-30). 

 

Time-Correlated Single-Photon Counting. PL decay measurement was carried out through 

TCSPC method using Edinburgh Instruments (Model OB-920), decorated with 405 nm laser 

as the excitation source. IRF was determined using a scatter ludox solution. The lifetime profile 

was fitted with exponential decay function according to the equation, 𝐼(𝑡) =  ∑ 𝛼𝑖
𝑛
𝑖=1 exp(−

𝜏𝑖

𝑡
) 

and the average fluorescence lifetime was determined using equation 𝜏𝑎𝑣 =  
∑ 𝛼𝑖𝜏𝑖

2

∑ 𝛼𝑖𝜏𝑖
 ; where 

𝛼𝑖 and 𝜏𝑖 are amplitude and lifetime of ith component respectively. 

 

Photoluminescence Quenching Study. Photoluminescence quenching study of CsPbBr3 was 

conducted using disulfide as quencher. Through Stern-Volmer kinetics, rate of quenching (kq) 

was determined using the equation 𝐼0/𝐼= 1+ 𝑘𝑞𝜏 [quencher], where I0 is the initial PL intensity 

without the quencher, I is the intensity after addition of the quencher, and  is the lifetime of 

the CsPbBr3. Probe sample was prepared by suspending CsPbBr3 NCs in DCE of concentration 

0.5 mg mL-1. Then 20 L of the concentrate solution was diluted to make a total volume 2 mL. 

Quencher of concentration of 1 mM was added to the probe suspension in an incremental way 

of 2 L maintaining the total volume of 2 mL. Lifetime of CsPbBr3 is ~ 12.5 ns. 

 

Nuclear Magnetic Resonance (NMR) Measurements. NMR spectra were recorded on 400 

MHz and 700 MHz (BRUKER® ULTRASHIELD) instruments at 25 °C. The chemical shift 

values are reported in parts per million (ppm) for residual chloroform (7.26 ppm for 1H and 

77.16 ppm for 13C). The peak patterns are designated as follows: s: singlet; d: doublet; t: triplet; 

q: quartet; m: multiplet; dd: doublet of doublets; td: triplet of doublets; brs: broad singlet. The 
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coupling constants (J) are reported in hertz (Hz). Samples solutions were prepared by 

dissolving in CDCl3. 

 

High-resolution Mass Spectra (HR-MS). HR-MS were recorded on a TOF Q-II (Bruker) 

(time of flight) mass spectrometer. Clear solutions of samples were prepared after dissolving 

in methanol or acetonitrile. 

 

Fourier Transform Infrared Spectroscopy (FTIR). FTIR analysis data were collected from 

Thermo Scientific (NICOLET iS5) instrument under transmittance mode and reported in 

wavenumber (cm-1). A thin layer of the compounds on the surface of the KBr pallet was 

prepared using dichloromethane as a solvent to record the data. 

 

Electron Paramagnetic Resonance (EPR). EPR spectrum was recorded with a Bruker 

System EMX-microX at 298K and 9.4335 GHz. Typical EPR spectrometer parameters are 

shown as follows, scan range: 100 G; centre field set: 3480.00 G; time constant: 0.16 ms; scan 

time: 128.22 s; modulation amplitude: 20.0 G; modulation frequency: 100 kHz; receiver gain: 

2.00 x 102; microwave power: 7.14e-001 mW; g = 2.007092. A description of sample preparation 

is given later. 

 

Cyclic Voltammetry (CV). Cyclic voltametric data were investigated on the CorrTest 

Electrochemical Station (Model: CS310, S/N: 1711458) in dry and oxygen-free DCM: hexane 

(1:4) solution containing 0.1 M tetrabutylammonium hexafluorophosphate as a supporting 

electrolyte with a decoration of a glassy carbon electrode, a Ag/AgCl electrode and a platinum 

wire as the working electrode,  reference electrode, and counter electrode, respectively using a 

https://doi.org/10.26434/chemrxiv-2023-rs2zh ORCID: https://orcid.org/0000-0002-7830-9812 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2023-rs2zh
https://orcid.org/0000-0002-7830-9812
https://creativecommons.org/licenses/by-nc-nd/4.0/


21 
 

scan rate 100 mV/s. Redox potential was referenced against ferrocene/ferrocenium (Fc/Fc+). 

 

Melting Points. Melting points (mp) of the compounds were determined using a digital melting 

point apparatus and are uncorrected.  

 

Photoreactor. This photoreactor used obtained from commercial source (Model No.-LED 

Photochemical reactor CN302, CRYOANO VL- PHOTON). Quartz tubes (LUZCHEM) The 

intensity of the blue LED is (417 x 100) lx (measured by Sigma-Digital Lux Meter 101, Model: 

20036176). Distance between quartz tube and light source was approximately 4.2 cm.  

 

General procedure for the synthesis of 3aa. In an oven dried quartz tube 1,3,5-

trimethoxybenzene (0.35 mmol), chalcogens (0.43 mmol), and CsPbBr3 (5 mol %) were 

dissolved in 2.0 mL dry acetonitrile. After that, the reaction mixture was irradiated by visible 

light (450-455 nm) for 18 h in the presence of an oxygen balloon. After completion of the 

reaction, unreacted NCs (photocatalysts) were filtered off, and supernatant acetonitrile was 

removed under reduced pressure. Then, the crude mixture was diluted in dichloromethane 

(CH2Cl2) and washed with brine solution. The resulting organic solution was dried over 

anhydrous sodium sulfate and concentrated to obtain a crude mixture which was further 

purified by silica-gel column chromatography using ethyl acetate and hexane as the eluent to 

afford the pure product. 

 

The calculation of Turn Over Number (TON). Turn Over Number is calculated by the 

equation, TON = total mol of product/total mol of catalyst 

Molecular weight of CsPbBr3 catalysis is calculated as 579.8 g mol-1 
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Pb(II) leaching experiment. Pb(II) concentration was estimated using ICP-OES spectrometer 

(Themo SCIENTIFIC, iCAP 7000 SERIES with autosampler TELEDYNE CETAC 

TECHNOLOGIES, ASX-280). First 10 mg (5 mol %) CsPbBr3 was dissolved in Millipore 

water (10% HNO3) and Pb(II) concentration was determined. Again, after the reaction the solid 

was separated and the organic solvent was removed from the filtrate followed by the residue 

was dissolved in Millipore water (10% HNO3). Then initial and final concentration of Pb(II) 

was estimated and leaching was calculated. 
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