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ABSTRACT: Postsynthesis halide treatment can brighten perov-
skite nanocrystals. While this has been recently explored for
undoped nanocrystals having only the exciton emission, herein,
the impact of halide-enriched and -deficient environments was
studied for dual-emitting Mn(II)-doped CsPbBr3 nanorods. This was
performed by adopting a self-regulated approach where the nanorod
solution reversibly switched the color brightness from blue to orange
and vice versa by dilution and evaporation, respectively. With
control experiments, it was established that the color switching was
not due to a change in the rate of the exciton energy transfer from
host to dopant energy states; rather, it was related to self-regulated
fulfilling and again creating halide vacancies observed with variation
of nanorod concentration. Being that the halide vacancy was
established as one of the key factors for controlling the brightness
of these nanocrystals, this reversible switching in doped CsPbBr3 adds new fundamental insight into controlling the
photoluminescence of these emerging nanocrystals.

Light-emitting perovskite nanocrystals recently emerged
as one of the most demanding energy materials for
optoelectronic applications.1−4 Enormous efforts have

been put forward to understand the photophysics and stabilize
their intense emissions.5−14 It has been recently established
that halide deficiency in lead halide perovskite nanocrystals
remained as a key feature for dominating their photo-
luminescence quantum yields (PLQYs).15−19 Introduction of
excess halides was found to successfully brighten the high-
energy-emitting CsPbCl3 and platelets of CsPbBr3 nanocryst-
als.18,20,21 This multifold enhancement of the emission
intensity in halide-rich systems was related to suppression of
defect states in halide-deficient perovskite nanocrystals.16,19

Beyond the excitonic emission, recently, intense dopant
emission for these high-energy-absorbing Mn(II)-doped per-
ovskite nanocrystals was also established.22−26 In most cases, a
halide-rich system was adopted to facilitate the Mn(II) doping,
where more Mn(II) ion insertion or brightening of the d-state
emission was expected with excess halide ions.24,27−29 This
limits the understanding of the impact of halide concentration
on dispersed doped nanocrystals. Moreover, Mn(II) doping
was extensively studied for the host CsPbCl3, which has ideal

band positions for efficient energy transfer and also ionic size
compatibility to retain inside of the host crystal.22−24,30 Among
others, even though quantum-confined CsPbBr3 nanocrystals
retain their blue emission,24,31,32 but doping in these
nanostructures is limited. Hence, with doping in the CsPbBr3
system and creating halide-deficient and halide-rich environ-
ments, understanding their impact in both dopant and host
emissions remained challenging and needed to be explored.
Keeping these in mind, herein, doping Mn(II) in blue-
emitting CsPbBr3 nanorods is reported. Adopting a unique
approach, the system was allowed to self-regulate in tuning the
brightness of host and dopant emission as a function of
dilution and evaporation of the dispersed solvent. The as-
synthesized orange-emitting doped nanorods showed unpre-
cedented enhancement of the host excitonic blue emission
with dilution, and again, this was rapidly quenched, bringing
back the original orange emission during evaporation. The
visible change from blue to orange color under irradiation and

Received: August 6, 2019
Accepted: August 30, 2019
Published: August 30, 2019

Let
t
er

http://pubs.acs.org/journal/aelccpCite This: ACS Energy Lett. 2019, 4, 2353−2359

© XXXX American Chemical Society 2353 DOI: 10.1021/acsenergylett.9b01702
ACS Energy Lett. 2019, 4, 2353−2359

D
ow

nl
oa

de
d 

vi
a 

IN
D

IA
N

 A
S

SO
C

IA
T

IO
N

 C
U

L
T

IV
A

T
IO

N
 S

C
I 

on
 S

ep
te

m
be

r 
10

, 2
01

9 
at

 0
7:

17
:2

2 
(U

T
C

).
S

ee
 h

tt
ps

:/
/p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

li
ne

s 
fo

r 
op

ti
on

s 
on

 h
ow

 to
 le

gi
ti

m
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
ti

cl
es

.


