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ABSTRACT 

All inorganic lead halide perovskites (LHPs) have triggered much attention for energy 

harvesting applications owing to their interesting optoelectronic properties, such as high 

absorption coefficient, high photoluminescence quantum yield (PLQY), tunable band gap, long 

charge carrier diffusion length, and high charge carrier mobility.  However, these materials are 

enriched with surface defects due to the presence of large number of halide vacancies which 

acts as the trapping centers for charge carriers, resulting in the lowering of PLQY and stability 

of LHPs. Additionally, these LHPs suffer from poor power conversion efficiency as compared 

to their organic-inorganic counterparts owing to their faster charge carrier recombination and 

narrow absorption window, which limits their photovoltaic performance. The present thesis 

focuses on enhancing the stability, rate of charge transport, and absorption windows of the 

perovskites via coupling it with other semiconducting materials. In this regard, we have used 

both in-situ and ex-situ methods to synthesize the nanoheterostructures of perovskite with other 

semiconducting materials, which results in the improved optical properties, enhancement of 

stability. Additionally, these heterostructures can be further utilized in the energy harvesting or 

photovoltaic application.   

The first two chapters (Chapter 1 and 2) are dedicated to the extensive literature survey of 

research work related to LHPs,  metal chalcogenides, their structure, applications, challenges, 

and possible solutions, along with summary of various techniques used for the characterization 

of as-synthesized materials. In Chapter 3, we have developed a route for the synthesis of 

CsPbBr3−CdSe/CdS/ZnS (CSS) mixed dimensional nanohybrids (MDNHs) using various 

bifunctional ligands, such as 4-aminothiophenol (4-ATP), p-aminobenzoic acid (PABA), and 

6-amino-2-naphthoic acid (ANA), which results in the increased absorption windows and 

better charge seperation. These MDNHs form donor−bridge−acceptor systems, where the 

electronic interaction is greatly influenced by the nature of ligands. We observe that in the case 
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of 4-ATP, the charge transfer rate is most efficient as compared to other ligands because of 

smaller size and stronger binding affinity. In Chapter 4, a colloidal route is developed for 

designing CsPbBr3−PbSe nanoheterostructures (NHSs) and other derivatives of LHPs-based 

NHSs using defect-rich MoSe2 nanosheets (NSs) and selenium powder as selenium precursors 

and discussed the mechanism of the formation of NHSs. In MoSe2-synthesized NHSs, the size 

of PbSe is ∼2.0 nm, whereas, for synthesis involving Se powder, the size is approximately 3.4 

nm. A nearly 3-fold PL enhancement is observed in the former case, whereas Se powder 

resulted in negligible PL enhancement, as compared to pure CsPbBr3 NCs. Despite having 

type-I band alignment, the huge PL enhancement in MoSe2-synthesized NHSs suggests very 

strong passivation of defects, which is also corroborated with all photophysical studies. In 

Chapter 5, we have utilized the PbSe decorated perovskite to prevent the halide diffusion in 

CsPbBr3/CsPbI3 NHSs. Spatially resolved elemental analysis reveals that the halides do not 

diffuse across the heterostructure interface, whereas in case of pristine CsPbBr3/CsPbI3 NHSs, 

rapid homogenization of the halides occur, leading to the loss of sharp interfaces. Inhibition of 

ion diffusion is further evidenced from spectroscopic measurements, revealing consistent 

emission from both CsPbBr3 and CsPbI3 within the nanoheterostructures for several months. 

Moreover, halide interdiffusion is inhibited even upon heating the PbSe decorated 

heterostructure for several hours at high temperature. Furthermore, we have fabricated a 

phosphor converted white light emitting diode (pc-LED) using PbSe decorated 

CsPbBr3/CsPbI3 heterostructures, which exhibits stable luminescence from both the CsPbBr3 

and CsPbI3 layers, with no evidence of ion diffusion during operation. In Chapter 6, we study 

the impact of various lead chalcogenides on the stability and optical properties of perovskite 

via making their heterostructures with PbE (E = S, Se, Te). In this synthesis route, lead 

chalcogenides are formed at an early stage of reaction which then undergoes consumption to 

form CsPbBr3-PbE and CsPbI3-PbE NHSs. Optical and structural characterization confirmed 
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the formation of NHSs. The resultant NHSs exhibited enhanced optical properties, indicating 

the passivation of surface defects of perovskite in all three NHSs. The maximum enhancement 

is observed in case of PbTe passivated NHSs, owing to the more covalent nature of PbTe as 

compared to other lead chalcogenides. Moreover, CsPbBr3-PbE NHSs exhibit improved 

stability in the presence of water and do not degrade under ambient conditions for several 

months. Chapter 7 provides a comprehensive summary of the thesis, with particularly 

emphasizing on enhancing the stability and overall photovoltaic performance of perovskites 

via coupling it with other semiconductors and provides an insightful glimpse into the future 

prospects and potential implications of the whole work described herein.  
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संके्षपण 

सभी अकार्बनिक लेड हैलाइड पेरोव्स्काइट्स (एलएचपी) िे अपिे निलचस्प ऑप्टोइलेक्ट्र ॉनिक गुणोों, जैसे 

उच्च अवशोषण गुणाोंक, उच्च फोटोलू्यनििेशि क्ाोंटि उपज (पीएलकू्यवाई), टू्यिेर्ल र्ैंड गैप, लोंर्ी चाजब 

वाहक प्रसार लोंर्ाई और उच्च चाजब वाहक गनिशीलिा के कारण ऊजाब सोंचयि अिुप्रयोगोों पर अनिक 

ध्याि आकनषबि नकया है। हालााँनक, र्डी सोंख्या िें हैलाइड ररक्तियोों की उपक्तिनि के कारण ये सािनियाों 

सिह िोषोों से सिृद्ध होिी हैं जो चाजब वाहक के नलए टर ैनपोंग कें द्र के रूप िें कायब करिी हैं, नजसके 

पररणािस्वरूप पीएलकू्यवाई कि हो जािी है और एलएचपी की क्तिरिा होिी है। इसके अनिररि, ये 

एलएचपी अपिे िेज चाजब वाहक पुिसंयोजि और सोंकीणब अवशोषण नवोंडो के कारण अपिे कार्बनिक-

अकार्बनिक सिकक्ोों की िुलिा िें खरार् नर्जली रूपाोंिरण िक्िा से िस्त हैं, जो उिके फोटोवोक्तिक 

प्रिशबि को सीनिि करिा है। विबिाि थीनसस अन्य अिबचालक सािनियोों के साथ युक्तिि करके 

पेरोव्स्काइट्स की क्तिरिा, चाजब पररवहि की िर और अवशोषण क्तखडनकयोों को र्ढािे पर कें नद्रि है। 

इस सोंर्ोंि िें, हििे अन्य अिबचालक सािनियोों के साथ पेरोव्स्काइट के िैिोहेटेरोस्ट्रक्चर को सोंशे्लनषि 

करिे के नलए इि-सीटू और एक्स-सीटू िोिोों िरीकोों का उपयोग नकया है, नजसके पररणािस्वरूप 

ऑनप्टकल गुणोों िें सुिार हुआ है, क्तिरिा िें वृक्तद्ध हुई है। इसके अनिररि, इि हेटरोस्ट्रक्चर का उपयोग 

ऊजाब सोंचयि या फोटोवोक्तिक अिुप्रयोग िें नकया जा सकिा है। 

पहले िो अध्याय (अध्याय 1 और 2) एलएचपी, िािु चाल्कोजेिाइड्स, उिकी सोंरचिा, अिुप्रयोगोों, 

चुिौनियोों और सोंभानवि सिािािोों से सोंर्ोंनिि शोि कायों के व्यापक सानहत्य सवेक्ण के साथ-साथ इिके 

लक्ण वणबि के नलए उपयोग की जािे वाली नवनभन्न िकिीकोों के साराोंश के नलए सिनपबि हैं। -सोंशे्लनषि 

साििी अध्याय 3 िें, हििे 4-एनििोनथयोफेिोल (4-ATP), पी-एनििोर्ेंजोइक एनसड ( PABA), और 6-

अिीिो-2-िैफ्थोइक एनसड (ANA), नजसके पररणािस्वरूप अवशोषण नवोंडो िें वृक्तद्ध होिी है और रे्हिर 

चाजब पृथक्करण होिा है। ये एिडीएिएच डोिर-निज-स्वीकिाब नसस्ट्ि र्िािे हैं, जहाों इलेक्ट्र ॉनिक 

इोंटरैक्शि नलगैंड की प्रकृनि से काफी प्रभानवि होिा है। हििे िेखा नक 4-ATP के िािले िें, छोटे आकार 
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और िजरू्ि र्ाइोंनडोंग एऩिनिटी के कारण चाजब टर ाोंसफर िर अन्य नलगेंड की िुलिा िें सर्से कुशल है। 

अध्याय 4 िें, CsPbBr3−PbSe िैिोहेटेरोस्ट्रक्चर (NHS) और LHPs-आिाररि NHS के अन्य डेररवेनटव 

को सेलेनियि अििूिोों के रूप िें िोष-सिृद्ध MoSe2 िैिोशीट्स (NSs) और सेलेनियि पाउडर का 

उपयोग करके नडजाइि करिे के नलए एक कोलाइडल िागब नवकनसि नकया गया है और NHS के गठि 

के िोंत्र पर चचाब की गई है। MoSe2-सोंशे्लनषि NHS िें, PbSe का आकार ∼2.0 एिएि है, जर्नक, Se 

पाउडर से जुडे सोंशे्लषण के नलए, आकार लगभग 3.4 एिएि है। पहले िािले िें लगभग 3 गुिा पीएल 

वृक्तद्ध िेखी गई है, जर्नक शुद्ध सीएसपीर्ीर्ीआर3 एिसी की िुलिा िें एसई पाउडर के पररणािस्वरूप 

िगण्य पीएल वृक्तद्ध हुई है। टाइप-I र्ैंड सोंरेखण होिे के र्ावजूि, MoSe2-सोंशे्लनषि एिएचएस िें भारी 

पीएल वृक्तद्ध िोषोों के र्हुि िजरू्ि निक्तियिा का सुझाव िेिी है, जो सभी फोटोनफनजकल अध्ययिोों से भी 

पुनि होिी है। अध्याय 5 िें, हििे CsPbBr3/CsPbI3 NHS िें हैलाइड प्रसार को रोकिे के नलए PbSe 

सजाए गए पेरोव्स्काइट का उपयोग नकया है। िानिक रूप से हल नकए गए िाक्तिक नवशे्लषण से पिा 

चलिा है नक हैलाइड हेटरोस्ट्रक्चर इोंटऱेिस िें फैलिे िही ों हैं, जर्नक प्राचीि CsPbBr3/CsPbI3 NHS के 

िािले िें, हैलाइड का िेजी से सिरूपीकरण होिा है, नजससे िेज इोंटरफेस का िुकसाि होिा है। 

से्पक्ट्र ोकोनपक िाप से आयि प्रसार िें अवरोि का और भी प्रिाण निलिा है, नजससे कई िहीिोों िक 

िैिोहेटेरोस्ट्रक्चर के भीिर CsPbBr3 और CsPbI3 िोिोों से लगािार उत्सजबि का पिा चलिा है। इसके 

अलावा, उच्च िापिाि पर कई घोंटोों िक PbSe सजाए गए हेटरोस्ट्रक्चर को गिब करिे पर भी हैलाइड 

इोंटरनडफू्यजि र्ानिि होिा है। इसके अलावा, हििे PbSe से सुसक्तिि CsPbBr3/CsPbI3 हेटरोस्ट्रक्चर 

का उपयोग करके एक फॉस्फोर पररवनिबि सफेि प्रकाश उत्सजबक डायोड (पीसी-एलईडी) र्िाया है, जो 

CsPbBr3 और CsPbI3 िोिोों परिोों से क्तिर लू्यनििेसेंस प्रिनशबि करिा है, नजसिें ऑपरेशि के िौराि 

आयि प्रसार का कोई सरू्ि िही ों होिा है। अध्याय 6 िें, हि PbE (E = S, Se, Te) के साथ उिकी 

हेटरोस्ट्रक्चर र्िाकर पेरोव्स्काइट की क्तिरिा और ऑनप्टकल गुणोों पर नवनभन्न लेड चॉकोजेिाइड्स के 

प्रभाव का अध्ययि करिे हैं। इस सोंशे्लषण िागब िें, प्रनिनिया के प्रारों नभक चरण िें लेड चॉकोजेिाइड्स 
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र्ििे हैं जो नफर CsPbBr3-PbE और CsPbI3-PbE NHS र्िािे के नलए खपि से गुजरिे हैं। ऑनप्टकल 

और सोंरचिात्मक लक्ण वणबि िे एिएचएस के गठि की पुनि की। पररणािी एिएचएस िे उन्नि ऑनप्टकल 

गुणोों का प्रिशबि नकया, जो िीिोों एिएचएस िें पेरोव्स्काइट के सिह िोषोों के पाररि होिे का सोंकेि िेिा 

है। अन्य लेड चॉकोजेिाइड्स की िुलिा िें PbTe की अनिक सहसोंयोजक प्रकृनि के कारण, PbTe 

निक्तिय एिएचएस के िािले िें अनिकिि वृक्तद्ध िेखी गई है। इसके अलावा, CsPbBr3-PbE NHS पािी 

की उपक्तिनि िें रे्हिर क्तिरिा प्रिनशबि करिे हैं और कई िहीिोों िक पररवेशी पररक्तिनियोों िें ख़रार् 

िही ों होिे हैं। अध्याय 7 थीनसस का एक व्यापक साराोंश प्रिाि करिा है, नजसिें नवशेष रूप से क्तिरिा 

और सिि फोटोवोक्तिक को र्ढािे पर जोर निया गया है । अन्य अिबचालकोों के साथ युक्तिि करके 

पेरोव्स्काइट्स का प्रिशबि और यहाों वनणबि सोंपूणब कायब की भनवष्य की सोंभाविाओों और सोंभानवि प्रभावोों 

की एक अोंिर्दबनिपूणब झलक प्रिाि करिा है। 
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six months. The PXRD pattern corresponding to NHSs is stable for 

even after 6 months, which shows the highly crystalline stability of 

the NHSs. 
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4.16 Change in PL intensity on addition of 100 μL water each time in 1.5 

ml toluene solution of (a) pure CsPbBr3; (b), (c) MS and SP-

synthesized CsPbBr3-PbSe NHSs, respectively; (d) comparison of PL 

stability of pure CsPbBr3 NCs and CsPbBr3-PbSe NHSs on 

continuous addition of 100 μL water. 
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4.17 Change in PL intensity with time on addition of 500 μL water in 1.5 

ml toluene solution of (a) pure CsPbBr3 NCs; (b), (c) MS and SP 

synthesized CsPbBr3-PbSe NHSs, respectively. PL intensity of pure 

CsPbBr3 NCs vanishes within an hour whereas MS_CsPbBr3-PbSe 

NHSs retains its PL intensity (upto 30%) in an hour and SP 

synthesized NHSs retains its PL intensity (upto 60%) in an hour; (d) 

comparison of PL stability of pure CsPbBr3 NCs and CsPbBr3-PbSe 

NHSs with time on addition of 500 μL water in 1.5 ml toluene solution 

of pure CsPbBr3 and CsPbBr3-PbSe NHSs. 
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4.18 (a) Photographs of pure CsPbI3 (labelled as (i)) and CsPbI3-PbSe 

NHSs (labelled as (ii)) at day 1, day 2, and after day 15; (b) PXRD 

pattern of pure CsPbI3, CsPbI3-PbSe NHSs formed using MoSe2 NSs 

and Se powder along with their reference pattern; (c) PL spectra of 

CsPbI3, CsPbI3-PbSe NHSs formed using MoSe2 NSs and Se powder; 

and (d) and (e) PL stability of CsPbI3 NCs and CsPbI3-PbSe NHSs, 

respectively, for 7 days. The enhanced stability is attributed to the 

new chemical bonds formed at the surface which passivates the defect 

states and thereby makes the black phase more stable. 
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4.19 (a) PXRD pattern of CsPbI2Br NCs and CsPbI2Br-PbSe NHSs along 

with their reference patterns; (b) PL spectra; and (c) TRPL decay 

profile for CsPbI2Br NCs and CsPbI2Br-PbSe NHSs taken at λem= 

640 nm. PL intensity is enhanced in case of NHSs as compared to 
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pure NCs, due to the passivation of surface defects. Also, the lifetime 

is enhanced in CsPbI2Br-PbSe NHSs as compared to pure CsPbI2Br 

NCs. 
5.1 (a) PXRD pattern for pristine CsPbBr3, MS-CsPbBr3, and SP-

CsPbBr3 along with their reference pattern, showing the resemblance 

of lattice planes with the reference pattern; (b) TEM images and 

STEM elemental mapping for CPB, SP-CPB, and MS-CPB; (c) PL 

spectra of CPB, SP-CPB, and MS-CPB along with their photographs 

in day light; (d) comparison of PL stability of CPB, SP-CPB, and MS-

CPB after multiple washings with Ethyl acetate. 

117 

5.2 Histograms corresponding to (a) pristine CsPbBr3 NCs, (b) SP-CPB 

NCs, and (c) MS-CPB NCs, showing size distribution of CsPbBr3 in 

all cases; (d), (e) histograms showing size distribution of PbSe 

particles in SP-CPB and MS-CPB NCs, respectively. 
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5.3 (a) PXRD pattern of CsPbI3 NCs and MS/SP-CPI along with their 

reference pattern; TEM images of (b), (c) SP-CsPbI3 NCs; (d), (e) 

MS-CsPbI3 NCs, illustrating cubic morphology of CsPbI3 NCs, 

decorated with dot like PbSe particles. 
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5.4 Schematic illustrating the sequential deposition of two perovskite 

layers on a glass substrate using spin coater. 
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5.5 (a-c) PXRD pattern of pristine CsPbBr3, SP/MS-CPB, CsPbI3, 

SP/MS-CPI and their corresponding heterostructures along with 

their reference pattern; (d-f) Cross-sectional FESEM image of 

CsPbBr3/CsPbI3 NHSs, SP-CPB/SP-CPI NHSs, and MS-CPB/MS-

CPI NHSs, respectively. 
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5.6 (a-e) FESEM-EDX elemental mapping of CsPbBr3/CsPbI3 NHSs 

showing uniform distribution of Cs, Pb, Br, and I; (f-k) FESEM-EDX 

elemental mapping of SP-CPB/SP-CPI NHSs showing uniform 

distribution of Cs, Pb, Br, I, and Se. 
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5.7 (a) Absorbance and PL spectra of films of CsPbBr3, CsPbI3, and 

CsPbBr3/CsPbI3 deposited sequentially without the presence of PbSe 

(control), and of the SP/MS-CPB/CPI NHSs; (b), (c) PL of the SP-

CPB/SP-CPI and MS-CPB/MS-CPI NHSs over the course of six 

months shows no evidence of halide intermixing, whereas the control 

sample is completely mixed almost instantaneously. 
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5.8 (a), (b) Absorption Spectra of SP-CPB/SP-CPI and MS-CPB/MS-CPI 

NHSs over the course of six months, showing no evidence of halide 

intermixing, whereas the control sample is completely mixed almost 

instantaneously; (c), (d) PXRD pattern of SP-CPB/SP-CPI and MS-

CPB/MS-CPI NHSs collected for a span of six months. The PXRD 

pattern corresponding to NHSs is stable for even after six months, 

which shows the highly crystalline stability of the NHSs.  
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5.9 Evolution of emission spectra with time upon heating at 100 °C (a) 

SP-CPB/SP-CPI NHSs; (b) MS-CPB/MS-CPI NHSs; Evolution of 

emission peak position with time upon heating at 100 °C of (a) SP-

CPB/SP-CPI; and (b) MS-CPB/MS-CPI NHSs. 

126 

5.10 TRPL decay curves of (a) pristine CsPbBr3, SP/MS-CPB, and their 

corresponding heterostructures with λem = 518 nm; (b) pristine 

CsPbI3, SP/MS-CPI, and their corresponding heterostructures with 

λem = 695nm; and (c) PL spectra of Proof-of-concept preparation of 
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LED by stacking green and red emitting SP-CPB and SP-CPI on a 

commercially available violet-emitting LED under ambient 

conditions, inset shows the photographs of the LED under light and 

dark conditions; (d) CIE chromaticity coordinate diagram for the SP-

CPB/SP-CPI NHSs under bias 3.4 V. 
6.1 Synthesis of CsPbBr3-PbE (E = S, Se, and Te) NHSs by a hot injection 

method, illustrating the formation of in-situ PbE seeds at 140 °C, 

which further reacts with Cs-oleate to finally form CsPbBr3-PbE 

NHSs. 

137 

6.2 (a-c) PXRD pattern of PbE NPs formed using sulphur powder, 

selenium powder, and tellurium powder as the chalcogenide source, 

respectively, showing resemblance to the cubic phase of lead 

chalcogenide; (d-f) Absorbance spectra of PbE NPs formed using 

sulphur, selenium, and tellurium, respectively.  
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6.3 PXRD pattern of (a-c) CsPbBr3-PbS NHSs, CsPbBr3-PbSe NHSs, 

and CsPbBr3-PbTe NHSs, respectively. 
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6.4 XPS core level spectra of (a-d) CsPbBr3-PbTe NHSs; (e-h) CsPbBr3-

PbSe NHSs; (i-l) CsPbBr3-PbS NHSs; (m-o) pure CsPbBr3 NCs.  

141 

6.5  (a) Absorbance spectra of CsPbBr3 NCs and CsPbBr3-PbE NHSs, 

inset shows the extended absorption in the NIR region; (b) 

photoluminescence spectra of CsPbBr3 NCs and CsPbBr3-PbE 

NHSs; (c) TRPL decay curves for pure CsPbBr3 and CsPbBr3-PbE 

NHSs taken at λem= 513 nm; along with their photographs in day 

light, (i) represents CsPbBr3 NCs and (ii), (iii), (iv) represents 

CsPbBr3-PbS, CsPbBr3-PbSe, CsPbBr3-PbTe NHSs, respectively. 
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6.6 (a-d) PL stability of CsPbBr3 NCs, CsPbBr3-PbE (E = S, Se, Te) 

NHSs, respectively, taken for 180 days. CsPbBr3-PbE NHSs retained 

a nearly constant PL intensity (upto 90%), whereas the pristine 

CsPbBr3 NCs showed a decreased PL intensity to zero within 5 

months; (d) PL stability comparison for CsPbBr3 and CsPbBr3-PbE 

NHSs, taken for 180 days. 
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6.7 Change in PL intensity on addition of 100 μL water each time in 1.5 

ml toluene solution of (a) pure CsPbBr3; (b-d) CsPbBr3-PbE NHSs, 

(X= S, Se, Te) respectively; (e) comparison of PL stability of pure 

CsPbBr3 NCs and CsPbBr3-PbSe NHSs on continuous addition of 

100 μL water. 
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6.8 Change in PL intensity with time on addition of 500 μL water in 1.5 

ml toluene solution of (a) pure CsPbBr3 NCs; (b-d) CsPbBr3-PbE (E 

= S, Se, Te) NHSs, respectively; (e) comparison of PL stability of 

pure CsPbBr3 NCs and CsPbBr3-PbSe NHSs with time on addition of 

500 μL water in 1.5 ml toluene solution of pure CsPbBr3 and 

CsPbBr3-PbE NHSs. 
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6.9 PXRD pattern of (a-c) CsPbI3-PbS NHSs, CsPbI3-PbSe NHSs, and 

CsPbI3-PbTe NHSs, respectively. 
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6.10  (a) Absorbance spectra of CsPbI3 NCs and CsPbI3-PbE NHSs, inset 

shows the extended absorption in the NIR region; (b) 

photoluminescence spectra of CsPbI3 NCs and CsPbI3-PbE NHSs; 

(c) TRPL decay curves for pure CsPbI3 and CsPbI3-PbE NHSs taken 

at λem= 690 nm; along with their photographs in day light, (i) 
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represents CsPbI3 NCs and (ii), (iii), (iv) represents CsPbI3-PbS, 

CsPbI3-PbSe, CsPbI3-PbTe NHSs, respectively. 
6.11 (a-c) Change in PL intensity of CsPbI3-PbE (E = S, Se, Te) NHSs 

over a span of 15 days; (d) PL stability comparison of all NHSs over 

a period of 15 days. 
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6.12 Change in PL intensity on addition of 100 μL water each time in 1.5 

ml toluene solution of (a) pure CsPbI3; (b-d) CsPbBr3-PbE NHSs (X= 

S, Se, Te), respectively; (e) comparison of PL stability of pure CsPbI3 

NCs and CsPbI3-PbE NHSs on continuous addition of 100 μL water. 
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6.13 Change in PL intensity with time on addition of 500 μL water in 1.5 

ml toluene solution of (a) pure CsPbI3 NCs; (b-d) CsPbBr3-PbE 

NHSs (X= S, Se, Te), respectively; (e) comparison of PL stability of 

pure CsPbI3 NCs and CsPbI3-PbE NHSs with time on addition of 500 

μL water in 1.5 ml toluene solution of pure CsPbI3 and CsPbI3-PbE 

NHSs. 
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