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Abstract 

The integration of highly luminescent CsPbBr3 quantum dots on nanowire waveguides has enormous 

potential applications in nanophotonics, optical sensing and quantum communications. On the other 

hand, CsPb2Br5 nanowires have also attracted a lot of attention due to their unique water stability 

and controversial luminescent property. Here we first report the growth of CsPbBr3 nanocrystals on 

CsPb2Br5 nanowires by simply immersing CsPbBr3 powder into pure water, CsPbBr3-γXγ (X = Cl, I) 
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nanocrystals on CsPb2Br5-γXγ nanowires are then synthesized for tunable light sources. Systematic 

structure and morphology studies, including in-situ monitoring, revealed that CsPbBr3 powder was 

first converted to CsPb2Br5 microplatelets in water, followed by a morphological transformation 

from CsPb2Br5 microplatelets to nanowires, which is a kinetic dissolution-recrystallization process 

controlled by electrolytic dissociation and supersaturation of CsPb2Br5. CsPbBr3 nanocrystals are 

spontaneously formed on CsPb2Br5 nanowires when nanowires are collected from the aqueous 

solution. Raman spectroscopy, combined photoluminescence and SEM imaging confirm that the 

bright emission originates from CsPbBr3-γXγ nanocrystals while CsPb2Br5-γXγ nanowires are 

transparent waveguides. The intimate integration of nanoscale light sources with a nanowire 

waveguide is demonstrated through the observation of the wave guiding of light from nanocrystals 

and Fabry-Perot interference modes of the nanowire cavity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 
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The integration of highly efficient fluorescent semiconductor nanocrystals or quantum 

dots with sub-micrometer waveguides is essential to the construction of photonic 

circuits for a wide range of applications in quantum information, optical 

communication and sensing.
[1-6]

 Even although a few integration techniques have been 

developed over the years, for example, by physically placing nanocrystals to a 

waveguide,
[4, 7, 8]

 chemically adsorption of nanocrystals on a waveguide,
[9, 10]

 or using 

e-beam lithography
[11, 12]

 to define and control relative position of nanocrystals and 

waveguides, the integration still remains challenging, since it involves precise 

manipulation of nanoscale objects. All-inorganic lead halide perovskite CsPbBr3 

quantum dots, because of their nearly 100% quantum efficiency, 
[13, 14]

 have emerged 

as an ideal candidate for non-classical light source.
[10, 15-19]

 In particular, by integrating 

quantum dots with a waveguide, a single photon quantum source has been 

demonstrated.
[20, 21]

 

 

Lead halide CsPb2Br5 perovskite has also attracted a lot of attention due to several 

reasons. First, unlike most lead halide perovskites, it is a water-stable wide band gap 

semiconductor. 
[22-27]

 Highly environment-stable lasers and light emitting diodes 

(LEDs) have been demonstrated by embedding perovskite nanocrystals such as 

CsPbBr3 in transparent CsPb2Br5 matrix. 
[28-34]

 Second, as an intrinsic layered material, 

CsPb2Br5 can be synthesized in the form of 2-D platelets or 1-D nanowires, thus 

enabling more applications in nanophotonics. Finally, the origin of its bright green 

emission has been the center of heated debates and still requires further 

investigation.
[22, 24, 35-41]

 In our previous work, we showed that CsPbBr3 and CsPbBr3-

γXγ (X = Cl, I) nanocrystals rather than Br vacancies are responsible for the tunable 
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visible light emission in CsPb2Br5 platelets.
[27]

 This discovery can be applied to 

emissive CsPb2Br5 and CsPb2Br5-γXγ nanowires in principle, but a direct observation 

of CsPbBr3 and CsPbBr3-γXγ nanocrystals has not been confirmed. 
[42, 43]

 As such, the 

origin of the visible emission remains yet to be determined. 

 

In this work, we discovered a catalyst- and ligand-free method to synthesize CsPb2Br5 nanowires 

with or without decorated CsPbBr3 nanocrystals. The nanowires were grown from the water solution 

of CsPb2Br5 platelets through a morphological transformation. Raman spectroscopy, same-spot 

photoluminescence imaging and scanning electron microscopy (SEM) confirmed that pure CsPb2Br5 

nanowires have no green photoluminescence, and the decorated CsPbBr3 nanocrystals are 

responsible for the green emissive CsPb2Br5 nanowires. Highly luminescent CsPb2Br5-γXγ nanowires 

were also synthesized and the same conclusion as above was obtained. The integrated 

CsPbBr3/CsPb2Br5 NC/NW exhibits a dual function as a waveguide-coupled light source and an optical 

Fabry-Perot cavity.  

  

2. Results and Discussion 

CsPb2Br5 platelets were first synthesized using the same method as before by simply dropping 

CsPbBr3 micro-cubes (or powders) in a large quantity of pure water (>20 times in mass) in a flask or 

bottle at room temperature.[27] Similar water-triggered phase transformation has also been 

reported, [44-48] the transformation is due to a high solubility of CsPbBr3 and a much lower solubility 

of CsPb2Br5 in water, CsPb2Br5 can be formed in seconds and become a white precipitate from the 

initial yellow CsPbBr3 powders. This rapid structural conversion in water can be verified by in-situ 

Raman spectroscopy. Figure 1a shows the evolution of Raman spectrum when a small water droplet 
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was added to CsPbBr3 powders. The dissolution of CsPbBr3 can be seen from the disappearance of its 

characteristic Raman peak at 310 cm-1, and the emergence of CsPb2Br5 is manifested by the 

appearance of sharp Raman features below 100 cm-1 and 133 cm-1.  

  

Figure 1. Raman, XRD and TEM characterizations of CsPb2Br5 nanowires. a) Evolution of 

Raman spectrum at room temperature when a droplet of water was added to CsPbBr3 

powder. b) XRD spectra of dry precipitates produced after immersing CsPbBr3 powder in 

water with different immersion times. c) Representative HR-TEM image of a CsPb2Br5 

nanowire and d) the corresponding fast Fourier transform (FFT) image. 

 

To obtain CsPb2Br5 nanowires, we replaced the solution with fresh water while keeping the platelet 

precipitates at the bottom, then heated up the water with stiring on a hot plate. When the 

temperature reached 60 °C (in about 15 minutes), we stopped heating and stiring, let the solution 
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cool down naturally. The formation of CsPb2Br5 nanowires can  be revealed by  a subtle change in X-

ray diffraction (XRD) in Figure 1b: the relative intensity of (220) to (002) increases dramatically when 

the immersion time increases from 5 minutes to 2 hours, here the immersion time was counted 

from the exchange of water and beginning of the heating. The strong (002) peak in the 5-minute 

immersion sample is due to the intrinsic 2D layered structure of CsPb2Br5 platelets. The strong (220) 

peak in 2-hour sample indicates another preferred growth direction of CsPb2Br5 nanowires, which is 

confirmed by the high-resolution transmission electron microscopy (HR-TEM) image and 

corresponding fast Fourier transform (FFT) pattern shown in Figures 1c and 1d.  

 

Figure 2. Optical and SEM images of CsPb2Br5 nanowires. a-d) Optical images of 

CsPb2Br5 after exchange of water for (a) 0 h, (b) 1 h, (c) 3 h and (d) 4 h. e) Pictures of 

water right after dropping off CsPbBr3 (left) and after the conversion of CsPb2Br5 

platelets to nanowires in 4 hours (right). f-g) In-situ observation of the growth of 
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CsPb2Br5 nanowires from CsPb2Br5 saturated water. Picture in (g) was taken about 10 

minutes after the picture in (f). h-i) SEM images of CsPb2Br5 nanowires from (e). 

 

To obtain a better understanding of CsPb2Br5 nanowire growth from CsPb2Br5 2D platelets, we 

monitored morphology evolution of CsPb2Br5 precipitates with increasing immersion time. Figures 

2a-d show representative optical images of CsPb2Br5 nanowires from exchange of water to 4 hours 

of immersion time. We observed that, first, unlike platelets, the growth of nanowires takes time. 

More nanowires will be formed as immersion time increases and a complete conversion to 

nanowires can also be achieved after 4 hours, which can be conveniently recognized by  a milky 

white color of suspended CsPb2Br5 nanowires in Figure 4e. Second, these nanowires do not seem to 

grow from platelets since they are not attached to platelets. The latter observation is also confirmed 

by the in-situ observations of nanowire growth in solution. Figures 2f-g show optical images when a 

droplet of clean CsPb2Br5 water solution is left on a glass slide in air. As the droplet dries up, two 

nanowires appear and grow. A faster growth here is due to increased ion concentration as a result of 

quick evaporation of water in air. Figures 2h-i show SEM images of nanowires. It can be seen that 

nanowires are not tapered and can have diameter much less than 1 µm, but as optical pictures have 

also revealed, their lengths are not uniform.  

  

Solution synthesis is a very common method to grow nanostructures. However, 

spontaneous morphological transformation in solution is rarely reported. 
[33, 49-51]

 If it 

happens, typically one type of nanostructures will grow from the other structures. For 

example, CeO2 nanorods can grow on CeO2 nano-octahedrons through the dissolution 

of the nano-octahedrons and recrystallization of the nanorods. 
[52]

 CsPbBr3 nanowires 

are formed through oriented self-assembly of CsPbBr3 nanocubes in solution. 
[53] 

Moreover, most anisotropic growth during the phase conversion takes place via 
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solution method by adding complex ligands in the material synthetic process. 
[54, 55] 

In 

our case, nanowires and platelets are completely separated, and nanowires grow out of 

solution from Cs
+
, Pb

2+
, Br

-
 ions in water, which can be described as a dissolution-

recrystallization during the transformation from CsPb2Br5 plates to nanowires. 
[33, 49-51,

 

56]
 According to recent work by Lai, et al., 

[56]
 the crystallization morphology is 

controlled by supersaturation for a material that has a low electrolytic dissociation, 

such as CsPb2Br5 due to its low solubility in water. As such, a rapid recrystallization 

by dropping CsPbBr3 powder in water will result in 2D CsPb2Br5 platelets, while 1D 

CsPb2Br5 nanowires will be formed due to slow cooling of CsPb2Br5 saturated 

aqueous solution.  

  

Figure 3. Optical, photoluminescence and SEM images, as well as Raman 

spectra of CsPb2Br5 nanowires. Optical images of CsPb2Br5 nanowires a) 

without and c) with cleaning. b, d) Corresponding photoluminescence images. 
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e-g, h-k) Photoluminescence and SEM images of two individual nanowires. l) 

Raman spectra of PL-active site and PL-inactive site of the same nanowire.  
 

CsPb2Br5 nanowires were reported to exhibit strong green photoluminescence (PL). 
[42, 

43]
 This is confirmed in Figures 3a-b if we simply take the wires out of the water and let 

them dry. However, our previous work has shown that if the CsPb2Br5 platelets are 

carefully washed by water and ethanol, CsPbBr3 nanocrystals cannot be formed on the 

surface of CsPb2Br5 platelets; subsequently, their green photoluminescence can be 

eliminated. To investigate the effect of post-synthesis drying on the optical property, we 

performed similar cleaning and drying steps. The results in Figures 3c-d confirmed our 

previous observations: the cleaned nanowires showed no PL emission. Following the 

same procedure as before, we compared Raman spectra of emissive and non-emissive 

nanowires, and we performed photoluminescence imaging and SEM imaging on the 

same nanowires to further verify CsPbBr3 nanocrystals as the source of the green 

emission. SEM and PL images in Figures 3e-k confirm that overgrown nanocrystal 

bumps on nanowires are responsible for the green emission, and Raman spectra in 

Figure 3l confirms these bumps as CsPbBr3 nanocrystals from their characteristic 

Raman line at 310 cm
-1

.  
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Figure 4. XRD, photoluminescence and Raman spectra of CsPbBr3-γXγ 

nanowires. a) XRD of CsPb2Br5, CsPb2Br5-γClγ and CsPb2Br5-γIγ 

nanowires. b-c) Photoluminescence images of b) CsPb2Br5-γClγ and c) 

CsPb2Br5-γIγ. d) Representative PL spectra of emissive CsPb2Br5-γXγ. e) 

Raman spectra of PL-active CsPb2Br5-γClγ and CsPb2Br5-γIγ nanowires. 

 

Having determined that CsPbBr3 nanocrystals are responsible for the strong green 

emission in CsPb2Br5 nanowires, we believe that the previously observed emission in 

CsPb2Br5-γXγ nanowires was also due to CsPbBr3-γXγ. We can use two synthesis 

methods to prove this hypothesis. The first is to use the emissive CsPb2Br5 nanowires 

and ion exchange to partially replace Br
-
 with Cl

-
 or I

-
 in CsPbBr3/CsPb2Br5, as we did 

 16136829, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/sm

ll.202105009 by O
ffice O

f Scientific A
nd T

echnical Inform
ation, W

iley O
nline L

ibrary on [28/09/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



 

This article is protected by copyright. All rights reserved. 

12 

for CsPb2Br5 platelets and ion exchange only took place on the surface of the CsPb2Br5 

platelets. 
[27]

 The second approach is to synthesize CsPbBr3-γXγ first and then use 

water to convert CsPbBr3-γXγ to CsPb2Br5-γXγ. Here we use the latter method, the 

detailed procedures are described in Experimental Section. The successful 

incorporation of Cl or I into CsPb2Br5 crystal lattice can be seen from slightly shifted 

XRD peaks in Figure 4a. 
[42]

 The diffraction angles of CsPb2Br5-γIγ (CsPb2Br5-γClγ) are 

reduced (increased) due to a larger (smaller) size of I (Cl) ions and subsequently a 

larger (smaller) lattice constant. This is different from the ion exchange using emissive 

CsPb2Br5 platelets, where no obvious change of lattice constant was observed. 
[27]

 We 

believe that ion exchange happened mainly to the surface CsPbBr3 nanocrystals 

instead CsPb2Br5 platelets. 
[27]

 Following the same PL imaging and Raman 

spectroscopy technique, we can determine the origin of new luminescent centers. 

Specifically, PL images from individual nanowires in Figures 4b-c show that the 

emission does not come from the whole body of nanowires, but, instead from discrete 

bumps on the nanowires, which indicates that CsPb2Br5-γXγ nanowires have no 

photoluminescence as CsPb2Br5 nanowires. Similar to CsPb2Br5 nanowires, PL of 

CsPb2Br5-γXγ nanowires originated from the CsPbBr3-γXγ nanocrystals, which exhibit a 

blue or red spectral shift compared to that of CsPbBr3, as shown in Figure 4d. 
[27]

 This 

conclusion is further supported by observations of Raman signature of CsPbBr3-γXγ 

nanocrystals shown in Figure 4e.
 [27]
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Figure 5. Optical coupling of CsPbBr3 nanocrystals to CsPb2Br5 nanowire waveguide. 

a, d) Optical image of a CsPb2Br5 nanowire under white light illumination and 473-

nm laser excitation from a) the top end and d) the bottom end. b, e) Corresponding 

photoluminescence images of (a) and (d) when the white light is turned off and laser 

is filtered out. c, f) Spectra of transmitted photoluminescence. Scale bar: 5 m. 

 

The integration of a nanoscale light emitter with a nanowire waveguide is the basic 

requirement for a nanophotonic circuit. Here we demonstrate two basic functions of 

CsPbBr3/CsPb2Br5 nanocrystal/nanowire (NC/NW) as a waveguide and a light source. 

This can be done after we transfer a single CsPbBr3/CsPb2Br5 NC/NW onto a CaF2 

substrate. Figures 5a-b show optical image of the NC/NW, where its top CsPbBr3 end 

is excited by a laser beam. The coupling of excited green luminescence to the 

nanowire waveguide and its propagation to the bottom clean end can be seen from a 

visible but relatively weaker green spot. When the nanowire is excited from the 

bottom clean end, Figures 5d-e show a similar luminescence image: a stronger green 

emission on the top end and a relatively weak spot at the bottom end. This is because 
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the top end has CsPbBr3 nanocrystals. However, the way the CsPbBr3 nanocrystals are 

excited is very different; in this case, it is the laser that couples to the nanowire, 

propagates to the top end, and excites the nanocrystals. Despite this different 

excitation method, Figures 5c, 5f and Figure S1 in the supporting information show 

that the green emission spectra exhibit well-known Fabry-Perot interference fringes, 

indicating a high nanowire optical cavity.  

 

3. Conclusions 

In summary, we discovered a platelet-to-nanowire morphological transformation and synthesized 

CsPb2Br5 nanowires in water. We have proved that both CsPb2Br5 and CsPb2Br5-γXγ nanowires are 

non-emissive and can be used as optical waveguides. We have also shown that the decorated 

CsPbBr3-γXγ nanocrystals are responsible for the strong emission from CsPb2Br5-γXγ nanowires. 

CsPbBr3 and CsPbBr3-γXγ nanocrystals can spontaneously grow on the surface of CsPb2Br5-γXγ 

nanowires. Although the location of CsPbBr3-γXγ nanocrystals on nanowires remains random, a 

precise position of nanocrystals can be achieved. For example, we can deposit a nanoscale droplet of 

CsPbBr3-γXγ aqueous solution on the nanowires using an AFM tip. [57, 58] The intimate integration of 

lead halide nanocrystals to lead halide nanowire waveguides provides us new opportunities for 

wider device applications of highly luminescent perovskite nanocrystals.  

 

4. Experimental Section 

The synthesis of CsPbBr3 and CsPbBr3-γXγ (X=Cl or I) powder: CsPbBr3 micro-cubes (or powders) were 

synthesized using a modified method by mixing 4 mmol Pb(CH3COO)2·3H2O and 8 mmol CsBr in 10 

mL 48% HBr solution (approximately 90 mmol) at room temperature and stirred for about 1 h. 
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CsPbBr3-γXγ (X=Cl or I) powder was synthesized by mixing 4 mmol Pb(CH3COO)2·3H2O, 2 mmol CsCl 

(or CsI) and 6 mmol CsBr in a solution containing 90 mmol HCl (or HI) and 270 mmol HBr. 

XRD: XRD patterns of the samples were recorded on DX-2700BH X-ray diffractometer with a Cu Kα 

source. 

SEM/TEM: SEM images were recorded on Nova Nano scanning electron microscope 450. TEM 

images were recorded on FEI Titan ETEM G2 80-300. 

Raman/PL: Raman spectra and PL spectra were performed with Horiba LabSpec 6 which can 

measure Raman and PL on the same spot of a sample. 
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Morphological transformation from CsPb2Br5 platelets to nanowires in water is 

discovered and utilized to synthesize CsPb2Br5 nanowires from CsPbBr3 powders. The 

integration of nanoscale light sources with nanowire waveguides through 

spontaneous growth of highly luminescent CsPbBr3 nanocrystals on transparent 

CsPb2Br5 nanowires provides a new platform for optical sensing and quantum 

communications.  
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