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Tunable Electrochemiluminescence Properties from Mixed-
Monovalent Cations CsPbBr3 Perovskite Nanocrystals
Lu Chen,a Qi Kang,*a Zhe Li, a Bin Zhang,b Guizheng Zou b and Dazhong Shen*a

Herein we demonstrate a simple approach for tuning the elecrochemiluminescence (ECL) properties of CsPbBr3 perovskite 
nanocrystals (NCs) by mixed-monovalent cations. By replacing part of Cs+ by Rb+, a series of RbxCs1-xPbBr3 NCs were 
obtained. They exhibit narrow ECL emission peak with the full width at half-maximum about 26~34 nm. After continuously 
injecting holes to produce different charged state radicals, an annihilation ECL was observed, implying the as-prepared 
RbxCs1-xPbBr3 NCs are in electron-rich state. In the presence of 2-dibutyaminoethanol as co-reactant, strong andodic ECL of 
RbxCs1-xPbBr3 NCs was obtained. From CsPbBr3 NCs to CsPbBr3 NCs,  the ECL peak potential position was moved from 1.25 
V to 1.80 V with the ECL spectrum peak shifted from 512 to 468 nm, respectively, indicating the tunable ECL properties. 
The Rb0.2Cs0.8PbBr3 NCs have higher ECL intensity than CsPbBr3 NCs.

Introduction
Perovskite nanocrystals (NCs) or quantum dots (QDs) have 
been attracted much attention due to their high photo-
luminescence (PL) quantum yield (QY), 1, 2 narrow full width at 
half-maximum (FWHM),3 remarkable monochromaticity and 
wide emission tunability.4, 5 Among them, all-inorganic lead 
halide perovskite NCs or QDs, denoted as ABX3 (A is commonly 
metal cation Cs+, B is usually Pb2+, and X is a halogen anion), 
exhibit high absorption coefficient, long carrier diffusion length 
and high defect tolerance, which makes them as important 
materials for optoelectronic devices.6-8 To obtain better 
electro-optic properties, the modifications of all-inorganic 
perovskites with other elements doped or replaced are 
explored. For example, Pb2+ in ABX3 nanocrystals was 
substituted part or all by other metal ions, such as Sn2+,9 
Mn2+,10, 11 Al3+,12 Bi3+,13 Zn2+ and Cd2+,14, 15 etc. The effect of 
monovalent cations exchange on the structure and properties 
of CsPbBr3 perovskite was also explored. Qiu’s group and 
Chen’s group inversitgated the effect of introducing 
monovalent cation of Rb+ in CsPbBr3 QDs for PL spectrum 
tuning, and demonstrated that not only the photo energy of 
RbxCs1-xPbBr3 QDs was improved,16, 17 but the band gap was 

also changed. Etgar et al investigated the influence of Rb+ 
substitution on structure stability of RbxCs1-xPbBr3 NCs.18  The 
Rb+ doped perovskite exhibits enhanced performance in highly 
efficient light-emitting diodes (LED) and solar cells.19-21 To our 
knowledge, the investigation related to the electrochemical 
properties of RbxCs1-xPbBr3  NCs  is scarce.

Electrochemiluminescence (ECL) is the smart combination of 
chemiluminescence and electrochemistry techniques, bringing 
ECL for various advantages.22 The generation of ECL is an 
excitation process, which mainly including the radicals 
formation processes during the electrochemical reaction and 
the luminescence produced by the formation of excited 
state.23 The ECL emission in the presence of the co-reactant 
further proves the reliability of the luminescence mechanism. 
In addition, during the ECL processes, unstable intermediates 
or reagents can be electrogenerated around electrode surface.   
As the current and luminescence signals are obtained 
simultaneously, the luminescence mechanism and electro-
chemical reactions of nanomaterials can be investigated 
conveniently by an ECL method. Bard et al reported for the 
first time the ECL of silicon NCs in N,N’-dimethylformamide 
and acetonitrile.24 Liu and Ju firstly reported the co-reactant 
anodic ECL of CdTe QDs in aqueous solution at relatively low 
potential.25 Ding proved the intermediates of excellent 
photoelectric material Au38 nanoclusters has a short lifetime or 
low reactivity, because no signal was detected over the 
potential range of the accessible redox states of the Au38 
nanoclusters by the annihilation ECL method.26 Up to now, 
various QDs have been studied by ECL route, such as CdTe,27-30 
CdSe,31,32 MoS2,33 CuInS2

34 and nanoclusters,26,35,36 9,10-
bis(phenylethynyl)anthracene nanoparticle,37and CdS/ZnS QDs 
coated with polyethyleneimine. 38

Recently, Huang studied the electrochemical properties of 
CsPbBr3 NCs, confirmed that the CsPbBr3 NCs can produced 
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ECL of higher color purity than traditional ECL dyes and metal 
chalcogenide NCs.39 Herein, the electrochemical redox and 
charge transfer natures of RbxCs1-xPbBr3 NCs were studied by 
ECL method. By continuously injecting holes or electrons to 
produce different charged states, the surface charge state and 
energy route of RbxCs1-xPbBr3 NCs were investigated. The 
influence of the Rb+/Cs+ ratio on the ECL potential, intensity 
and spectrum were reported. The tunable ECL properties of 
the RbxCs1-xPbBr3 NCs are helpful to further understand the 
electro-optic properties of all-inorganic perovskite and to 
explore their applications.

Experimental section
Materials and reagents. All reagents used were analytical grade. 
Cesium carbonate (99%), rubidium carbonate (99.8%), lead 
bromide (99%), 1-octadecene (ODE, >90.0%), oleic acid (OA, 
AR), oleylamine (OAm, 80–90%), dichloromethane (99.5%), 
tetrabutylammonium hexafluorophosphate (TBAPF6, 99%), 2-
dibutyaminoethanol (DBAE, 99%) and benzoyl peroxide (BPO) 
were purchased from Aldrich. Toluene was obtained from 
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China).

Preparation of Rb/Cs-oleate as precursor. Rb/Cs-oleate precursor 
was synthesized according to the method described in ref..38 
with some modifications. Briefly, 1 mmol of Cs2CO3 and Rb2CO3 
(Rb: Cs = x:1−x, atomic) were added into a 50 mL three-necked 
flask. Then ODE (16 mL) and OA (1 mL) were injected and 
mixed adequately. Subsequently, the temperature of the 
reaction system was risen to 120 °C under stirring and kept at 
120 °C for 30 min. Afterwards, the temperature was risen to 
150 °C, kept at this temperature until Cs2CO3 and Rb2CO3 were 
dissolved completely. All the processes were carried out under 
a nitrogen atmosphere.

Preparation of RbxCs1−xPbBr3 NCs. RbxCs1−xPbBr3 NCs were 
prepared following the previous report.40 First, ODE (5 mL), OA 
(0.5 mL), OAm (0.5 mL) and PbBr2 (0.087 g) were loaded into a 
50 mL three-necked flask under the nitrogen atmosphere. The 
mixture was heated to 120 °C under stirring and kept at this 
temperature for 30 min. After rising temperature to 150 °C, 
0.4 mL precursor (Cs/Rb-oleate) solution (preheated to 100 °C) 
was injected into the flask rapidly. After 5 s, the resulted 
mixture was cooled in an ice-water bath then was centrifuged 
at 12000 rpm for 10 min. The precipitated NCs were washed 
with toluene for three times then ultrasonically dispersed into 
toluene at the concentration of 40 mg·mL-1, and stored in the 
dark. 

Preparation of RbxCs1−xPbBr3 NCs modified electrodes. The glass 
carbon electrode (GCE) was polished with a 0.1 μm alumina 
slurry, and washed with doubly distilled water, and then dried 
with high-purity nitrogen stream. 5 μL of the RbxCs1−xPbBr3 NCs 
solution (2.5 mg·mL-1) was spread on the GCE surface and 
dried under an infrared lamp to obtain the RbxCs1−xPbBr3 
NCs|GCE.

Measurement and characterization. Transmission electron 
microscopy (TEM) was conducted with a JEM-1011 electron 

microscope. PL spectrum was recorded with an F-320 
spectrofluorimeter (Tianjin Gangdong Sci. &Tech. 
Development Co., Ltd., China). UV−Vis absorption spectrum 
was measured on a TU-1901 spectrophotometer (Beijing 
Purkinje General Instrument Co., Ltd., China). X-ray diffraction 
(XRD) patterns were recorded using an X-ray diffractometer 
(Bruker AXS D8Advance, Germany) with Cu Kα radiation (λ = 
1.5418 Å). X-ray photoelectron spectroscopy (XPS) was 
detected on ESCALAB 250 XPS using monochromatic Al Kα 
radiation (Thermo Fisher Scientific Co., Ltd., U.S.A.). 
Differential pulse voltammetry (DPV) was performed using a 
CHI 822 electrochemical analyzer (Shanghai, China). Cyclic 
voltammetry (CV) and ECL experiments were recorded with a 
MPI-EII ECL analyzer (Xi’an Remex Analytical Instrument Co., 
Ltd, China) with a three-electrode system including a GCE 
working electrode, a Pt coil as the counter electrode, and an 
Ag coil as the quasi-reference electrode. The voltage of the 
photomultiplier tube was biased at 600 V. ECL spectrum was 
recorded with a homemade ECL spectrum system, which 
consisted with an Acton SP2300i monochromator, a VersaSTAT 
3 analyzer (Princeton Applied Research, USA), a light-tight box, 
a specially designed light path and a controlling device. The 
ECL images were obtained from a PyLoN 400BR eXcelon digital 
CCD camera (Princeton Instruments, USA). A Fourier transform 
filtering algorithm was used for noise suppression in ECL 
spectrum by a software of SigmaPlot 7.0.

Results and discussion
Characterization of RbxCs1−xPbBr3 NCs. As shown in Figure 1, with 
increasing Rb content (x), the edge in the absorption spectrum 
of RbxCs1−xPbBr3 NCs was shifted to shorter wavelength region. 
Similarly, the PL spectra show tunable luminescence emission 
peaks at 520, 515, 514, 503, 494, 483 and 447 nm at the x 
values of  0, 0.1, 0.2, 0.4, 0.6, 0.8 and 1 respectively, revealing 
the quantum confinement effect.41 The FWHM of the as-
prepared RbxCs1−xPbBr3 NCs is about 19~28 nm. Under  the 
irradiation of 365 nm UV lamp, bright PL images were 
visualized (Inserts), with the color changed from green to blue 
with increasing Rb+ content. These results demonstrate the 
tunable PL emission of RbxCs1−xPbBr3 NCs by adjusting Rb+/Cs+ 

ratio. Notably, Rb0.2Cs0.8PbBr3 NCs exhibited highest PL 
intensity among the RbxCs1−xPbBr3 NCs tested. Thus, 
Rb0.2Cs0.8PbBr3 NCs were investigated mainly in this work.

As can be seen from the TEM image in Figure 2C, the as-
prepared Rb0.2Cs0.8PbBr3 NCs exhibit cubic morphologies with 
an averaged edge length of 10 ± 2 nm. The cubic morphologies 
may be attributed to the effect of the high synthesis 
temperature and contribution from the surface energy.42  It is 
shown that the size of RbxCs1−xPbBr3 NCs is in a reduced trend 
with the increase of Rb+ content in the range of  x=0~0.6 
(Figure S1). In the case of x=1, the edges in the cubic 
morphologies of RbPbBr3 NCs are obscure and  the averaged 
edge length  is about 32 ± 4nm. The XRD patterns of 
Rb0.2Cs0.8PbBr3 NCs are similar with those of CsPbBr3,40 which 

 

Page 2 of 8New Journal of Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 2
0 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 M

ac
qu

ar
ie

 U
ni

ve
rs

ity
 o

n 
1/

20
/2

02
0 

10
:2

6:
26

 A
M

. 

View Article Online
DOI: 10.1039/C9NJ05665C

https://doi.org/10.1039/c9nj05665c


NJC  ARTICLE

This journal is © The Royal Society of Chemistry 2019 New J. Chem., 2019, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

Wavelength (nm)
400 450 500 550 600 650

A
bs

or
ba

nc
e 

(a
.u

.)

PL
 in

te
ns

ity
 (a

.u
.)

1 k

1 k

1 k

1 k

1 k

0.3 k

0.1 k

x =0

x =0.1

x =0.2

x =0.4

x =0.6

x =0.8

x =1

Figure 1. Absorption (blue line) and PL spectra (λex: 365 nm, black line) of 
RbxCs1−xPbBr3 NCs. Insert: Photographs of the as-obtained RbxCs1−xPbBr3 NCs 
solutions (left: under ambient light; right: under 365 nm UV light).

were corresponded to the COD ID (5407521) of CsPbBr3 NCs. 
Due to the smaller ionic radius of Rb+ than Cs+, the 
replacement of Cs+ by Rb+ leads to crystal lattice contraction 
and the left shift of characteristic  peaks in the XRD patterns, 
implying that Rb+ has been successful introduced into the 
CsPbBr3 crystal lattice, which is also supported by the XPS 
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Figure 2. (A) X-ray diffraction pattern of Rb0.2Cs0.8PbBr3 NCs ; (B) PL decay curves 
of Rb0.2Cs0.8PbBr3 NCs and CsPbBr3 NCs; (C) TEM image of Rb0.2Cs0.8PbBr3 NCs.

spectra in Figure S2. In the case of Rb0.2Cs0.8PbBr3 NCs, two 
additional peaks in Rb0.2Cs0.8PbBr3 NCs appeared at 109.4 eV 
and 110.8 eV (Figure S2c), which are attributed to the Rb 3d 
signals, proving that Rb+ ions have been incorporated into 
CsPbBr3 NCs. The PL decay curves of CsPbBr3 NCs and 
Rb0.2Cs0.8PbBr3 NCs in Figure 2B were well fitted with a bi-
exponential model. The corresponding PL lifetimes were 
estimated to be 30.9 and 46.8 ns (table S1), respectively. By 
using quinine sulfate in 0.1 M H2SO4 (PLQY =54%) as standard 
reference,41 the PLQY of CsPbBr3 NCs and Rb0.2Cs0.8PbBr3 NCs 
were calculated to be 39.6% and 48.1% respectively. The 
longer lifetime and higher PLQY are responsible for the higher 
PL intensity in  Rb0.2Cs0.8PbBr3 NCs than CsPbBr3 NCs.

Electrochemical behaviour of Rb0.2Cs0.8PbBr3 NCs|GCE. As shown 
in Figure 3, both Rb0.2Cs0.8PbBr3 NCs|GCE and CsPbBr3 
NCs|GCE exhibite an obviously enhanced current compared 
with the background signal in the bare GCE. During the 
negative initialed potential scan in N2-saturated supporting 
electrolyte solution, the cathodic DPV profiles display three 
reduction processes (Figure 3A). The Rb0.2Cs0.8PbBr3 NCs|GCE 
produced one relative strong reduction peak (Rex3) and two 
weak  reduction  peak (Rex1 and Rex2)  from -1.60 V to -1.90 V,    
-0.80 V to -1.0 V,  and -1.30 V to -1.50 V respectively, which are 
similar to those in cathodic DPV of CsPbBr3 NCs|GCE. 
Therefore, Rb0.2Cs0.8PbBr3 NCs|GCE might be injected with 
electrons continuously to produce reduced radicals and anions 
of different charged states, such as R- (Rb0.2Cs0.8PbBr3 NCs -), 
R2- (Rb0.2Cs0.8PbBr3 NCs 2-), and R3- (Rb0.2Cs0.8PbBr3 NCs 3-).

The anodic DPV profiles in Figure 3B show two similar 
oxidation processes in both of CsPbBr3 NCs|GCE and 
Rb0.2Cs0.8PbBr3 NCs|GCE, with the peak potential around 0.82 
V (Ox1) and 1.24 V (Ox2). A new oxidation peak of Ox3 was 
observed around 1.6 V in Rb0.2Cs0.8PbBr3 NCs|GCE, which 
might be related to the introduction of Rb+ in Rb0.2Cs0.8PbBr3 
NCs. In addition, both of the bare GCE and modified GCE 
display a strong oxidation current (Ox0) from 1.65 V to 1.85 V 
with a peak position around 1.75 V, indicating that the 
formation of Ox0 might be attributed to the oxidation of 
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containing 0.1 M TBAPF6 at 50 mV s-1.

Page 3 of 8 New Journal of Chemistry

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

N
ew

Jo
ur

na
lo

fC
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 2
0 

Ja
nu

ar
y 

20
20

. D
ow

nl
oa

de
d 

by
 M

ac
qu

ar
ie

 U
ni

ve
rs

ity
 o

n 
1/

20
/2

02
0 

10
:2

6:
26

 A
M

. 

View Article Online
DOI: 10.1039/C9NJ05665C

https://doi.org/10.1039/c9nj05665c


ARTICLE NJC

4 | New J. Chem., 2019, 00, 1-3 This journal is © The Royal Society of Chemistry 2019

Please do not adjust margins

Please do not adjust margins

Potential (V)
0.0 0.5 1.0 1.5 2.0

N
or

m
al

iz
ed

 E
C

L
 in

te
ns

ity

0.0

0.2

0.4

0.6

0.8

1.0

x
0.0 0.4 0.8 1.2

E
C

L
 in

te
ns

ity
 (a

.u
.)

0k

2k

4k

6k

8k

x = 1
x = 0.8
x = 0.6
x = 0.4
x = 0.2

x = 0
x = 0.1

x
0 1

RbxCs1-xPbBr3
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0.1 M TBAPF6 and 10.0 mM DBAE at 50 mV s-1. Inset: ECL peak intensity at different Rb+ 
content (x).

dichloromethane. Hence, CsPbBr3 NCs and Rb0.2Cs0.8PbBr3 
NCs|GCE could be injected with holes continuously to produce 
oxidized radicals and cations of different charged states, such 
as R+ (Rb0.2Cs0.8PbBr3 NCs +), R2+ (Rb0.2Cs0.8PbBr3 NCs 2+), and R3+ 
(Rb0.2Cs0.8PbBr3 NCs 3+). 

Co-reactant ECL of RbxCs1−xPbBr3 NCs|GCE. To further investigate
the influence of different Rb+ content on electrochemical 
properties of RbxCs1−xPbBr3 NCs, their ECL behaviors were 
compared. It is well known that the ECL radiation of NCs can 
be enhanced significantly in the presence of co-reactant.31 An 
effective co-reactant plays an important role in the 
enhancement of ECL performance. For example, the co-
reactant of DBAE has provided a facile strategy for high 
efficiency ECL of [Ru(bpy)3]2+, which could catalyze the 
oxidation of  amines and enhance the ECL signal.44 DBAE as a 
popular co-reactant was also used in the ECL of CdSe/ZnS 
QDs.45, 46 In this work, DBAE was selected as anodic co-reactant 
for RbxCs1−xPbBr3 NCs. 

Figure 4 displays the anodic ECL performance  of  a  group  
of RbxCs1−xPbBr3 NCs|GCE. In the presence of DBAE, the strong 
anodic ECL was obtained, indicating that the hole injecting 
processes and the oxidation effect of co-reactant DBAE. With 
increasing Rb+ content, the onset potentials and ECL peaks of 
RbxCs1−xPbBr3 NCs|GCE were shifted positively. For example, 
the ECL peak of CsPbBr3 NCs|GCE around 1.25 V is corres-
ponded to the hole injecting processes of Ox2 for CsPbBr3 NCs. 
ECL peaks of RbxCs1−xPbBr3 NCs|GCE were shifted from 1.56 V 
to 1.80 V with Rb+ content increased from 0.1 to 0.8. The 
intensity of the anodic ECL presents an up-and-down trend, 
with the Rb0.2Cs0.8PbBr3 NCs having the strongest ECL radiation 
among the series of RbxCs1−xPbBr3 NCs tested. These results 
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reveal the tunable performance of primary anodic ECL peak. 
But in the case of RbPbBr3 NCs|GCE, the anodic ECL intensity is 
only 3% of that in CsPbBr3 NCs|GCE. The anodic co-reactant 
ECL for RbxCs1-xPbBr3 NCs may be described by the following 
reaction mechanism.
R  –  e        R+                                                                                                                                (1)
DBAE  –  e        [DBAE●]+      DBAE●                                                                        (2)
R  +  DBAE●        R–                                                                              (3)
R+ + R–           R*                                                                                    (4)
R*       R  +  hv                                                                                                       (5)

As shown in Figure 5, the anodic ECL emission spectra of 
RbxCs1-xPbBr3 NCs are sharp and symmetrical peaks, especially 
for Rb0.2Cs0.8PbBr3 NCs. The intensity and potential position of 
ECL emission peak in RbxCs1-xPbBr3 NCs|GCE were related to 
the content of Rb+ in NCs. Noted that the anodic ECL peaks 
were almost identical to the PL spectrum of RbxCs1-xPbBr3 NCs 
But the FWHM of ECL spectra is  about 3-9 nm wider than that 
of PL spectra (Figure S3). The wider FWHM in ECL spectra might 
be attributed to the accumulation of different charges on the 
excited surface of NCs.36 

The tunable ECL emission spectra of RbxCs1-xPbBr3 NCs via 
Rb+ content are related to the change in energy band, which is 
due to effect of particle size and the energy balance within the 
lattice. As shown in Figure S1, with Rb+ content increasing  
from x=0 to x=0.6, the size of RbxCs1-xPbBr3 NCs is reduced  
slightly, which results in the blue shift of emission peak  in ECL 
spectra. On the other hand, the introduction of Rb+ into 
CsPbBr3 NCs changes the electronic dimensionality. Because 
the ionic radius of Rb+ is smaller than that of Cs+, the 
hybridization between the ns2 of Pb2+ and the ns2 of Br- 
orbitals is affected when Cs+ is replaced by Rb+, changing the 
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chemical bond between the Pb2+ and Br-. In 3D original 
structure of CsPbBr3, the in-plane Pb–Br–Pb band angle is 180°. 
In the case of RbPbBr3 NCs, the stronger interaction between 
Rb+ and the [PbBr6] octahedron decreases the in-plane Pb–Br–
Pb band angle θ, which increase the band gap.39 As a result, 
the ECL  emission peak of RbPbBr3 NCs  is around 445 nm, 
which is blue shifted by 70 nm in compared with CsPbBr3 NCs, 
although the size of RbPbBr3 NCs is even larger than that of 
CsPbBr3 NCs. Noted that the stability of RbPbBr3 NCs sample is 
poorer than that CsPbBr3 NCs due to the greater the distortion 
of the [PbBr6] octahedron.18 Consequently, the ECL intensity of  
RbPbBr3 NCs|GCE is much weaker than that of CsPbBr3 
NCs|GCE.

In addition, the cathodic ECL of RbxCs1-xPbBr3 NCs|GCE was 
also measured by using the co-reactant of BPO. Under the 
experimental conditions, only weak ECL emission was 
observed (data were not shown).

Annihilation ECL behaviours of RbxCs1-xPbBr3 NCs|GCE. By 
switching potential between different oxidization and 
reduction couples, the annihilation ECL process between the 
oxidized and reduced states of Rb0.2Cs0.8PbBr3 NCs was studied. 
The transient ECL behavior of Rb0.2Cs0.8PbBr3 NCs is 
demonstrated in Figures 6. It can be seen that obvious ECL 
signals occurred at the first potential stepping from negative 
potentials (-0.92 V, -1.38 V and -1.80 V) to positive potentials 

EC
L 

in
te

ns
ity

 (a
.u

)

0.0k

0.2k

0.4k

0.6k

EC
L 

in
te

ns
ity

 (a
.u

)

0.0k

1.5k

3.0k

4.5k

Time (s)
0 10 20 30 40

EC
L 

in
te

ns
ity

 (a
.u

)

0.0k

1.5k

3.0k

4.5k

Time (s)
0 10 20 30 40

Time (s)
0 10 20 30 40

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

100

200

300

400

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

100

200

300

400

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

60

120

180

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

200

400

600

800

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

100

200

300

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

60

120

180

Wavelength (nm)

350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

10

20

30

Wavelength (nm)
350 450 550 650

EC
L 

in
te

ns
ity

 (a
.u

.)

0

20

40

60

Wavelength (nm)
350 450 550 650

E
C

L
 in

te
ns

ity
 (a

.u
.)

0

100

200

300

400

A B C

D E F

G H I 1.60 V

1.60 V

1.60 V

-0.92 V-0.92 V-0.92 V

0.82 V 1.24 V

0.82 V

0.82 V

1.24 V

1.24 V

-1.80 V-1.80 V-1.80 V

-1.38 V -1.38 V -1.38 V

0.1

0.25

0.1

Figure 6. Electron injecting initialed ECL transients of Rb0.2Cs0.8PbBr3 NCs|GCE by 
stepping the potential between (A) -0.92 V and 0.82 V, (B) -0.92 V and 1.24 V, (C) -0.92 
V and 1.6 V, (D) -1.38 V and 0.82 V, (E) -1.38 V and 1.24 V, (F) -1.38 V and 1.6 V, (G) -1.8 
V and 0.82 V, (H) -1.8 V and 1.24 V, (I) -1.8 V and 1.6 V at 1 Hz for 40 s in air-free 
dichloromethane containing 0.10 M TBAPF6. The blue lines indicate the applied 
potential steps. Insets: corresponding ECL spectra of Rb0.2Cs0.8PbBr3 NCs|GCE (pink 
lines). The exposure time of the CCD was 40 s.

(0.82 V, 1.24 V or 1.6 V), but no annihilation ECL were found at 
the second potential stepping from positive potentials to 
negative ones. This result indicates that the transient ECL of 
Rb0.2Cs0.8PbBr3 NCs|GCE should be obtained by stepping  
electron injecting process ahead of the hole injecting process. 
In addition, in the sequential switching from the electron 
injection to the hole injection, the transient ECL signals were 
decreased and finally disappeared. It may be attributed to the 
confined stability of the electrogenerated radicals of 
Rb0.2Cs0.8PbBr3 NCs. As shown in Figure S4, transient ECL 
signals in CsPbBr3 NCs|GCE are weaker and decayed more 
rapidly than Cs0.2Pb0.8Br3 NCs|GCE. One of the possible reasons 
is that the lifetimes and reactivity of holes injected 
Rb0.2Cs0.8PbBr3 NCs were more stable than that of CsPbBr3 NCs. 
On the other hand, electrogenerated anionic or cationic 
radicals from the Rb0.2Cs0.8PbBr3 NCs may have relative higher 
stability. The corresponding transient ECL spectra (Insets in 
Figure 6) displayed single and symmetric peaks at 510 nm with 
the averaged FWHM of 20 nm, almost synchronized with PL 
spectra.

The potential scanning rate usually impacts the ECL 
performance of NCs. Figures S5 shows the influence of 
scanning rate on the annihilation ECL of NCs|GCE. It can be 
seen that the strongest ECL of Rb0.2Cs0.8PbBr3 NCs was 
obtained at 500 mV/s,  which was selected as scanning rate of 
annihilation ECL performance. As can be seen in Figure 7, 
CsPbBr3 NCs|GCE and Rb0.2Cs0.8PbBr3 NCs|GCE show one 
strong anodic ECL peak with the potential scanned from 0 to 2 
V. The surface of CsPbBr3 NCs and RbxCs1-xPbBr3 NCs might be 
electron-rich states, the anionic free radicals and continuous 
hole injection generate strong ECL emission in the positive 
potential scanning process. In the absence of a co-reactant, 
the ECL signal generated from the NCs might be related to the 
chemicals on the surface of the electrode or the free radical in 
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the electrolyte solution. It should be noted that the anodic ECL 
intensity of CsPbBr3 NCs and RbxCs1-xPbBr3 is related to their 
previous surface charge. With the potential scanned initially 
from 0 to -2.0 V and then from -2.0 to 2.0 V (Figure 7C), the 
anodic ECL intensity at potential around 1.15V is much weaker 
than those with potential scanned directly from 0 to 2.0 V 
(Figure 7D). The reason may be that the initial negative 
potential scanning results in the inactivation of CsPbBr3 NCs 
and Rb0.2Cs0.8PbBr3 NCs as well as the accumulation of 
negative charges on the surface of the electrode. Up injecting 
hole in the following positive potential scanning, the holes 
were neutralized firstly with the accumulated negative charges, 
indicating by the higher anodic currents in Figure 7A. As a 
result, the amount of holes to excite the anodic ECL of CsPbBr3 
and Rb0.2Cs0.8PbBr3 NCs were reduced. When the potential was 
scanned directly from 0 to 2.0 V, more of the holes were 
participated in the anodic ECL process. Hence, the anodic ECL 
intensity in Figure 7D is much higher than that in Figure 7C. 

As discussed above, the surface of RbxCs1-xPbBr3 NCs is be 
electron-rich states. Generally, NCs in electron-rich states do 
not produce strong cathodic ECL without co-reactant. Hence, 
only weak cathodic ECL emissions were observed in Figures 
7C&7D, which is possible due to some impurities in perovskite 
NCs or supporting electrolyte solutions. As the cathodic ECL 
signals are very weak, they were not investigated further in 
this work. As compared in Figure S6, the Rb0.2Cs0.8PbBr3 NCs 
has more superior annihilation ECL performance than that of 
CsPbBr3 NCs. When the Rb+ content increased from x=0.2 to 
x=0.8, the ECL emission became weaker and the peak potential 
was shifted from 1.2 V to 1.8 V. The lower stability and larger 
surface defect in RbxCs1-xPbBr3 NCs at higher Rb+ content may 
be the reason of the subdued ECL emission. 

Conclusions
In this work, we have demonstrated the tunable ECL 
performance of RbxCs1-xPbBr3 NCs with by adjusting the 
Rb+/Cs+ ratio. The RbxCs1-xPbBr3 NCs could be electrochemically 
injected with holes to produce radicals of different charged 
states, and then both annihilation and co-reactant ECL were 
generated. With the increase of Rb+ concentration, the ECL 
spectra were gradually moved towards the blue light region. 
The ECL intensity has an up-and-down tendency with the 
strongest ECL signal was obtained in Rb0.2Cs0.8PbBr3 NCs. The 
potential position of emission peak is turned from 1.60 V to 
1.80 V. The Rb0.2Cs0.8PbBr3 NCs could have superior ECL 
properties than that from CsPbBr3 NCs. The tunable ECL of 
RbxCs1-xPbBr3 NCs might open up new possibilities to design 
novel ECL emitters in multiple color ECL analysis and other 
optoelectronic device applications.
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