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ABSTRACT: Inorganic  perovskite  nanostructures  have
attracted  considerable  attention  for  their  tunable  band gaps
and  excellent  optoelectronic  properties.  It  is  inevitable  that
phase  segregation  of  halide  perovskite  usually  occurs  in
mixed-halide perovskites under a focused laser illumination,
which  caused  by  photo-induced  halide-ion  segregation.
Here, we reported an uniform perovskite alloy nanowires via
a  chemical  vapor  deposition  (CVD)  method.  Microstructural
characterization  reveals  that  these  perovskite  nanowires
have  independent  linear  morphology  with  high-quality
crystalline.  Micro-photoluminescence  (PL)  spectra  exhibit
that  these  nanowire  structures  show  a  dual-wavelength
emissions at  690 and 570 nm, respectively.  Additionally,  time-dependent  PL intensity  of  the emission peak at  690 nm is
increased by the decrease of the emission peak at 570 nm under a focused laser illumination, indicating the formation of
phase segregation at the excited positions. Moreover, based on these as-grown halide perovskite CsPbBr2.52I0.48 nanowires,
a  reasonably  optical  switch  is  designed  and  constructed.  This  optical  switch  may  have  potential  applications  in  timed
blasting system and time-delay circuit in the future.
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1    Introduction
All-inorganic  metal  lead  halide  perovskites  have  emerged  as
promising  semiconductor  materials  due  to  their  excellent
properties, such as high photoluminescence quantum yield (PLQY),
long  carrier  diffusion  length,  good  defect  tolerance  and  widely
tunable bandgap [1−9]. Significant research efforts have been made
in the photonic and photoelectric field, including nano/micro-scale
lasers [10−12], solar cells [13, 14], light-emitting devices (LEDs) [15,
16],  photodetectors  [17, 18]  and  optical  switches  [19, 20]  et  al.
Moreover,  metal  halide  perovskites  appear  as  highly  dynamic

systems, whereby the change of phase is a familiar phenomenon in
halide  perovskite  materials,  in  which  different  phases  exhibit
distinctive optoelectronic properties [21, 22].

Halide  perovskites  exhibit  diverse  structure  phases  that  giving
rise to significant structural difference without composition change
[3, 23, 24],  which represents an ideal platform to investigate phase
change processes [25]. To date, various research based on the phase
transition  or  phase  segregation  of  perovskites  have  been
demonstrated  [26−31].  For  example,  controllability  of  various
temperature-dependent  phase  transition  based  on  the  individual
CsPbI3 nanowires was demonstrated by varying the moisture level
and  temperature  [32].  The  CsSnI3 nanowire  based  p–n
heterojunctions were constructed via a localized phase transition by
heating  processes  [33].  The  suppression  of  phase  segregation  in
mixed-halide  CsPbBr1.2I1.8 nanocrystals  was  reported  through  a
periodic  heating  method  [34].  The  occur  of  phase  segregation  in
CsPbBr1.2I1.8 nanocrystals  as  a  eversible  blue  shift  of  PL  peak  was
realized  by  controlling  the  switch  of  light  [35].  In  fact,  the  phase
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segregation of mixed-halide perovskites [23, 36−41] provides more
possibilities  in  perovskite-based  photonic  devices,  owing  to  the
modification  of  the  homogeneous  energy  landscape  for  charge
carriers  [39, 42].  Therefore,  constructing  devices  reasonably  based
on the phase segregation in mixed-halide perovskite materials may
bring new possibilities  in photonics  and optoelectronics  devices  in
the future.

In  this  work,  we  report  a  two-step  chemical  vapor  deposition
(CVD)  method  to  fabricate  high-quality  self-assembled
CsPbBr2.52I0.48 alloy  nanowires.  Scanning  electron  microscopy
(SEM) and energy-dispersive X-ray (EDX) results  prove that these
self-assembled nanowires have uniform element distribution before
and  after  the  phase  segregation.  The  optical  characterization
indicate  that  nanowires  have dual  emission with peaks  at  570 and
690  nm  as  a  consequence  of  halide  ion  segregation.  The  PL
intensity  of  the  emission peak at  690 nm increased gradually  with
the  decrease  of  emission  peak  centered  at  570  nm  under  a
continuous  laser  illumination,  which  owing  to  the  phase
segregation  from  the  mixed  phase  to  the  separated  phase  under  a
laser  excitation.  Moreover,  optical  switch  based  on  the
CsPbBr2.52I0.48 nanowires are fabricated at room temperature. These
results  may  provide  an  opportunity  for  multifunctional  optical
switching devices in the future. 

2    Experimental
 

2.1    Materials and methods
The  self-assembled  perovskite  CsPbBr2.52I0.48 alloy  nanowires  were
grown via a source-moving CVD methods, as shown in Fig.  S1 in
the Electronic Supplementary Material (ESM). A horizontal furnace
(OTF-1200X)  was  used  to  grow  the  materials  with  a  quartz  tube
(inner  diameter  45  mm,  length  180  cm).  Two  quartz  boats
equipped with PbI2/CsI and PbBr2/CsBr (Alfa Aesar, 99.99%, mole
ratio = 1:2) and connected by quartz rods are placed in the central
heating  area  and  upstream,  respectively.  Several  pieces  of  Si/SiO2
(4 mm × 10 mm) substrates were placed at the deposition area for
the  growth  of  nanostructures.  Before  heating,  a  N2 gas  flow
(100 sccm) was pumped into the system for 30 min to vent off the
air  from the  cavity.  Then,  N2 gas  flow (50  sccm)  and  H2 gas  flow
(10 sccm) were introduced into the chamber and the pressure was
controlled at 5 Torr during the entire experiment. Notably, the right
zone was  first  ramped up to  290 °C at  a  rate  of  25  °C/min before
growth,  in which temperature of  the substrates  was located.  Then,
the temperature of  left  zone was ramped up to 420 °C at  a rate of
25  °C/min.  After  60  min,  the  temperature  of  the  two  zones  was
reduced to 390 and 290 °C at a rate of 10 °C/min. At the same time,
the quartz boat carrying PbBr2/CsBr is pushed into the center of the
heating  zone  through  a  stepper  motor.  Finally,  the  furnace  cool
down naturally  after  90 min.  During the growth process,  the alloy
components are prepared by ion displacement. 

2.2    Materials characterization
The morphologies of nanowires were investigated via SEM (Hitachi
SU-8010,  Japan) with energy dispersive X-ray spectroscopy (EDX)
probe.  The  nanowire  was  transferred  to  a  specific  location  on  the
substrate  through  three-dimensional  (3D)  mechanical  arms  with
homemade  fiber  probes  for  EDX  analyses  of  the  same  nanowire
before  and  after  laser  irradiation.  The  crystal  structures  were
determined  by  transmission  electron  microscopy  (TEM,  JEM-

F200). The nanowire was transferred from the primary substrate to
the copper grid through 3D mechanical arms with homemade fiber
probes,  as  shown  in  Fig.  S2  in  the  ESM.  Optical  characterization
was test by a confocal optical system. PL spectra were recorded by
an  Ocean  Optics  Spectrometer  (MayaPro2000)  with  laser  beams
(375 nm, P = 9.7 × 102 W/cm2) focused to 1.5 μm by a microscope
(Nikon, × 100) and locally excited the nanowire. 

3    Results and discussion
The  self-assembled  CsPbBr2.52I0.48 nanowires  were  fabricated  on  a
Si/SiO2 substrate using a two-step CVD method as shown in Fig. S1
in  the  ESM  (and  see  the  experimental  section). Figures  1(a)−1(e)
show  low- and  high-resolution  SEM  images  of  the  prepared
nanowires, which have a regular square shaped cross section with a
wire  length  of  3–20  μm  and  a  side  length  of  300–700  nm  (Figs.
1(c)−1(e)). Figures  1(f) and 1(g) show  the  two-dimensional  (2D)
element mapping and line scans of a typical nanowire respectively,
which suggest an uniform distribution of the Cs, Pb, Br and I along
the length of nanowire. The composition uniformity of nanowire is
further  demonstrated  by  the  EDX mapping  of  cross  sections  (Fig.
S3  in  the  ESM).  The EDX spectra  from three  typical  positions  (as
indicated in Fig. 1(f)) of a wire is shown in Fig. 1(h), which exhibit
the atomic ratio of Cs, Pb, Br and I is close to 1:1:2.52:0.48. In order
to  further  investigate  the  microstructures  of  the  wires,  a  selected
representative nanowire is transferred from a Si/SiO2 substrate to a
micro-grid  via  a  3D  platform  with  the  homemade  fiber  probes
under  an  optical  microscope,  as  shown  in  Fig.  S2  in  the  ESM.
Figure  1(i) shows  the  low-resolution  TEM  image  of  a  nanowire
with the length of ~ 12 μm and diameter of ~ 500 nm. The high-
resolution  TEM  (HR-TEM)  images  taken  from  two  typical
positions (red and blue squares  as  indicated in Fig.  1(i))  along the
axial direction of the nanowire are exhibited in Figs. 1(j) and 1(k),
with  a  lattice  spacing  of  ~  0.293  nm,  which  corresponding  to  the
(200) lattice spacing of the orthorhombic phase CsPbBr2.52I0.48 [43].
The  corresponding  fast  Fourier  transform  (FFT)  pattern  is  shown
in  inset  image  of Fig.  1(j).  From  the  combined  FFT  and  TEM
characterizations,  we  can  conclude  that  self-assembled
CsPbBr2.52I0.48 alloy  nanowires  with  regular  square-shaped  cross
section has a single crystallinity nature.

Traditionally,  semiconductor  nanowires  can  be  obtained  by  a
CVD  method  through  a  vapor–liquid–solid  (V–L–S)  growth
mechanism  [9, 44, 45].  During  the  V–L–S  growth  process  of  the
nanowires,  metal  nanoclusters  are  usually  used  as  the  catalysts.
Besides, a self-assembled vapor-phase growth process without metal
catalysts  has  also  been  demonstrated  as  an  excellent  approach  to
synthesize  nanowires  [12, 46, 47],  which eliminates  concern about
metal  contamination  in  the  nanowire  products.  For  the  self-
assembled  vapor-phase  growth  process,  the  most  important
phenomenon  is  the  selective  crystal  growth  at  the  vapor–solid
interface,  which dictates  the  properties  of  obtained nanowires  [43,
48]. During the CVD process, the growth is typically determined by
the  supply  of  vapor  source,  which  is  mainly  controlled  by  the
growth temperature and pressure [49−52]. Furthermore, when the
Si/SiO2 substrate  lacks  constraint  of  specific  lattice  ordering  in
substrate  surface,  the  perovskite  nanowires  grown  on  Si/SiO2
substrate  tend  to  3D  vertical  growth  with  somehow  random
orientations.

Figures  2(a) and 2(b) illustrate  laser-induced  halide  ion  phase
segregation process in a typical perovskite CsPbBr2.52I0.48 nanowire.
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This phase separation process is thought to be related to differences
in  photochemical  stability  of  different  halogens  in  perovskite
nanowires.  Under  continuous  laser  illumination,  photogenerated
carriers  would  sample  a  significant  volume  fraction  of  the  lattice
before  radiatively  recombining.  During  diffusion,  carriers  have

ample opportunity to survey multiple crystallographic domains and
should rapidly thermalize and become trapped upon encountering
any  I-rich  low-band-gap  region  (Fig.  2(b)).  The  change  in  band
structure  between  an  I-rich  domain  and  the  uniformly  mixed
perovskite could also generate an electric field that might further aid

 

Figure 1    Structural  characterizations  of  the  CsPbBr2.52I0.48 perovskite  alloy  nanowires.  (a)  and  (b)  Low-resolution  SEM images  of  the  CsPbBr2.52I0.48 nanowires  on  the
Si/SiO2 substrate. (c)–(e) SEM images of some typical single nanowires. (f) 2D EDX elements mapping of a single CsPbBr2.52I0.48 nanowire before a focused 375 nm laser
illumination. (g) Elemental composition analysis along a single nanowire, as indicated in orange dotted line in (f). (h) EDX spectra from three typical positions (1)–(3)
along the length direction of the wire as indicated in (f). (i) Low-resolution TEM image of a selected nanowire. (j) and (k) HR-TEM images of two typical positions on the
nanowire (red and blue squares as indicated in (i)). Inset: the corresponding FFT pattern from TEM image.

Nano Research | Vol. 18, No. 2 Lv et al.

94907119 (3 of 9) Nano Research, 2025, 18, 94907119

https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119
https://www.sciopen.com/article/10.26599/NR.2025.94907119


in sweeping carriers into the I-rich domain. Thus, nearly all  of the
PL should come from the radiative relaxation of carriers trapped in
I-rich regions [53].

The  optical  measurements  of  a  single  perovskite  CsPbBr2.52I0.48
nanowire are shown in Figs. 2(c)−2(g). The evolution of dark-field
real-color  images  of  a  single  CsPbBr2.52I0.48 nanowire  under  a
focused 375 nm laser (P = 9.7 × 102 W/cm2) are shown in Fig. 2(c),
using a confocal microscopy system (Fig. S4 in the ESM). As can be
seen,  the  center  of  the  nanowires  is  illuminated  by  the  laser  from

green  emission  to  red  emission  as  the  excitation  time  increases
(0–3000  s),  which  indicate  the  laser-induced  phase  segregation  in
light region. Figures 2(d) and 2(e) show the change in PL spectra of
a single CsPbBr2.52I0.48 nanowire under a 375 nm laser illumination
from 0 to 50 min. Figure 2(d) depicts the 3D PL spectra variation of
high- and  low-energy  band  emissions,  while  the  spectra  of  typical
irradiation times (0, 90, 120, 160, 350, 1820 and 3000 s) selected for
typical  irradiation  times  are  shown  in Fig.  2(e).  Upon
photoexcitation, a PL emission peak at 570 nm appear immediately

 

Figure 2    Optical characterization of a single CsPbBr2.52I0.48 nanowire due to phase segregation under a focused 375 nm laser illumination. (a) and (b) Schematic of the
laser-induced halide ion phase segregation process in a typical CsPbBr2.52I0.48 nanowire. (c) Dark-field emission images of a typical nanowire under a focused 375 nm laser
illumination at 0, 120, 160, 440, 1640 and 3000 s, respectively. Scale bar is 3 μm. (d) 3D-PL spectra with peak centered at 570 and 690 nm continuously recorded from
0–50 min. (e) PL spectra of a nanowire under the 375 nm laser illumination at 0, 90, 120, 160, 350, 1820 and 3000 s, respectively. (f) Time-dependent emissions and (g) PL
intensity at high (570 nm) and low energy band (690 nm) from t = 0 to 50 min, respectively.
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(0  s),  which  is  ascribed  to  the  band-to-band  emission  of
CsPbBr2.52I0.48 alloy  nanowires  [54].  With  the  further  increased
illumination time, the PL intensity at 690 nm is rised continuously
accompanied  with  the  gradual  dropped  of  counterpart  emission
peak  at  570  nm.  It  is  worth  noting  that  the  full  width  at  half
maximum (FWHM) of emission peak at 690 nm is ~ 60 nm (120
and  160  s),  which  originates  from  those  CsPbBr2.52I0.48 nanowires
located at the edge of the laser spot without receiving enough power
density  to  trigger  phase  segregation  [24, 55].  After  that,  the  PL
emission peak at 690 nm occupy a completely dominant role with
negligible PL emission peak at 570 nm under the laser illumination
time  of  3000  s.  During  this  laser  excited  process  (0–3000  s),  the
intensity  difference  of  the  PL  spectra  further  suggests  the  halide
phase segregation occurs at the excited positions. Furthermore, Fig.
S5 in the ESM shows the dark-field emission images of wafer-scale
nanowires under the unfocused 405 nm laser exciting from t = 0 to
50 min. As can be seen, the emission color of these nanowires varies
from  orange  to  red  further  indicating  the  occurrence  of  phase
segregation  of  CsPbBr2.52I0.48 nanowires.  The  time-dependent  PL
spectra indicate a dual-wavelength emission at 570 and 690 nm as a
consequence of halide ion segregation, where no obvious peak shift

at phase segregation process (as indicated in Fig. 2(f)).  Meanwhile,
the PL emission intensity of the high energy band (HEB) is falling
continuously,  while  the  intensity  of  low  energy  band  (LEB)
continues  to  rise  (Fig.  2(g))  accordingly.  The  PL  emission  peaks
changes  of  CsPbBr2.52I0.48 nanowires  demonstrate  the  existence  of
phase segregation, owing to the laser-induced halide ion migration
[35].  In addition,  element distribution of  the perovskite  nanowires
show no obvious changes before (Figs. 1(h)−1(j)) and after (Fig. S6
in the ESM) the 375 nm laser illumination, which may be attributed
to  that  the  excessive  Br− ions  tend  to  substitute  the  I− ions  in  the
perovskite  lattice,  as  Pb2+/Br− binding  is  more  favorable  in  mixed
halide  perovskite  binding  formation  when  stopping  the  laser
illumination to EDX elemental analysis [56−58]. Furthermore, laser-
induced  halide  ion  phase  segregation  process  based  on  different
composition perovskite  CsPbBrxI3−x (x =  2.56,  1.86,  1.38 and 1.17)
nanowires is shown in Figs. S7–S10 in the ESM.

In order  to  investigate  the  emission changes  of  these  perovskite
nanowires  under  a  laser  excitation  with  about  600  s  intervals,  the
time-dependent  PL  spectra  and  corresponding  dark-field  images
are recorded in Fig. 3, respectively. Figure 3(a) exhibits twelve real-
color  images  of  a  typical  CsPbBr2.52I0.48 nanowire  under  a  375  nm

 

Figure 3    Dual-wavelength emission of a perovskite alloy nanowire. (a) Dark-field images and (b)–(d) corresponding spectra of nanowires with three switch cycles under
a  focused  375  nm  laser  illumination.  Scale  bar  is  3  μm.  (e)  Time-dependent  PL  emissions  and  (f)  PL  intensity  at  high- (570  nm)  and  low-energy  band  (690  nm),
respectively.
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laser  illumination  at  different  exciting  time  from  0–3000  s.  The
corresponding  PL  spectra  are  shown  in Figs.  3(b)−3(d),  which
shows  agreement  with  the  spectral  variation  trend  under  a
continuous laser illumination in Fig. 2. When the laser is turned on
(at  the  time of  0  s),  the  PL emission intensity  of  low energy  band
(690  nm)  is  gradually  increased,  while  the  high  energy  band
emission  (570  nm)  is  decreased  accordingly  and  the  dark-field
emission images (t = 10, 150, 350 and 600 s) and corresponding PL
spectra (Fig. 3(b)) are recorded. Then the laser is turned off (at the
time of 600 s) and on (at the time of 1200 s) again for the second
cycle.  Under  laser  illumination,  dark-field  emission  images  (t =
1200, 1410, 1650 and 1800 s) and corresponding spectra (Fig. 3(c))
are  also  recorded  respectively,  which  indicate  the  PL  peak  at
690  nm plays  a  dominant  role.  Then the  laser  is  turned off  at t =
1800  s  and  turned  on  again  at t =  2400  s.  On the  third  switching
cycle, the dark-field emission images of four exciting time (t = 2400,
2610,  2850 and 3000 s)  are  shown in Figs.  3(a) and 3(d).  And the
PL  emission  intensity  of  low  energy  band  (690  nm)  continues
increases  and  approaches  saturation  (Fig.  3(d)). Figure  3(e) show
the time-dependent PL emissions of the nanowires, which indicates
that the PL peak have no significant shift during the periodic turned
on/off  laser. Figure  3(f) shows  the  time-dependent  PL  intensity  of
both  emissions  at  570  and  690  nm  respectively,  in  which  the  PL
emission  intensity  of  the  high  energy  band  tends  to  increase  with
the  decrease  of  low  energy  band.  It  is  noted  that  the  phase
segregation stops when the laser is turned off and the PL emission
intensity  of  low  energy  band  has  a  backtracking  when  laser  is
turned  on  again  as  shown  in Fig.  3(f).  The  phase  segregation  of
nanowire cannot completely return to the mixed phase, which may
be  caused  by  the  uniform  strains  produced  from  the  laser
illumination-induced temperature variation and the uniform strains
can be easily relaxed through the global volume changes [26].

One-dimensional  (1D)  nanowires  with  good  waveguiding  and
oscillating cavity offer a robust material platforms for complex nano-
photonics and functional optoelectronic devices [59−61].  With the
phase  segregation  of  perovskite  alloy  components  under  laser
illumination,  optical  switch  is  constructed,  as  shown  in Fig.  4,  by
defining  the  output  intensity  ratio  of IO-LEB to IO-HEB. Figure  4(a)
shows  the  energy  band  structures  of  the  perovskite  CsPbBr2.52I0.48
nanowires  resulted  from laser-induced  phase  segregation.  When a
typical  nanowire  is  excited  by  a  375  nm  focused  laser,  the  output
waveguide  signal  is  changed  with  the  phase  separation  at  the
excitation  positions,  as  shown  in Figs.  4(b)(i)−4(b)(iii).  At  the
beginning,  an  active  waveguide  occurs  along  the  wire  through  re-
absorption  and  re-emission  processes  for  the  high  energy  band
emission  (570  nm)  as  exhibited  in Fig.  4(b)(i).  Then,  with  the
emergence  of  phase  segregation,  the  PL  emission  (690  nm)  of  the
low energy band is expected to be passively guided along the axial
of wire through total internal reflections, as shown in Figs.  4(b)(ii)
and 4(b)(iii),  respectively. It can be seen that the IO-LEB is increased
with the decrease of IO-HEB (Figs.  4(c)−4(e)),  which means that  the
ratio of IO-LEB/IO-HEB is increased. Here, the optical switch of 0 and 1
is defined by IO-LEB/IO-HEB < 1 and IO-LEB/IO-HEB ≥ 1, as shown in Fig.
4(f),  which  corresponding  to  the  blue  and  yellow  regions,
respectively (Fig. 4(g)). Thus, according to the results, an time-delay
optical  switch  is  successfully  realized  based  on  these  perovskite
nanowires controlled by a laser beam. 

4    Conclusions
In  summary,  the  self-assembled  perovskite  CsPbBr2.52I0.48 alloy
nanowires were successfully prepared via a two-step CVD method.
Structural  analysis  reveals  that  the  wires  have  high-quality  single
crystalline  with  square  shaped  cross  sections.  Optical

 

Figure 4    Optical switch based on the CsPbBr2.52I0.48 perovskite nanowires under a focused laser illumination. (a) Schematic bandgap diagram of the perovskite nanowire
before and after the laser illumination. (b) Schematic diagram of signal variation (i)–(iii) at the output end of a single nanowire with the increase of laser excitation time.
(c)–(e) Corresponding PL spectra from the ends of the wires. (f) The optical logic information code of optical switch. (g) Output PL intensity of high and low energy band
emission and logic information.
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characterization  indicates  dual-wavelength  emission  peaks  at  570
and  690  nm  as  a  consequence  of  halide  ion  segregation  under  a
focused laser illumination. Additionally, time-dependent PL spectra
show  a  completely  different  PL  emissions  for  low  energy  band
(690  nm)  and  high  energy  band  (570  nm).  These  unique  results
suggesting  a  phase  segregation  occurs  at  the  nanowires  under  a
375  nm  laser  illumination.  Moreover,  an  optical  switch  based  on
the CsPbBr2.52I0.48 alloy nanowires are realized controlled by a laser
beam.  These  phase  segregation  of  perovskite  alloy  nanowires  and
laser induced optical switch may provide an excited opportunity for
all-optical switching devices. 

Electronic  Supplementary  Material: Supplementary  material
(CVD setup, SEM image, EDX spectra and optical photographs of
the  perovskite  alloy  nanowires,  schematic  diagram  of  confocal
microscopy  system  and  optoelectronic  characterization  of  scale
typical perovskite alloy nanowire under continue laser illumination)
is  available  in  the  online  version  of  this  article  at
https://doi.org/10.26599/NR.2025.94907119. 
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