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Supplementary Figures and Tables

Figure S1. The transient PL decay curves and their exponential fitting results of the 

AIDF molecule, i.e. mCP-BP-PXZ, in THF/water mixtures with different water 

fractions (fw), i.e. 0 %, 60 %, 70 %, 80 %, 90 %, 95 % (excitation wavelength: 363 nm, 

and detection wavelength: 553 nm) at 300 K.
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Figure S2. The transient PL decay curves and their exponential fitting results of the 

AIE molecule, i.e. TPE-TAPBI, in THF/water mixtures with different water fractions 

(fw), i.e. 0 %, 70 %, 80 %, 90 %, 95 % (excitation wavelength: 363 nm, and detection 

wavelength: 454 nm) at 300 K.



S4

Figure S3. PL quantum efficiency (PLQY) of the (A) AIDF molecule, i.e. mCP-BP-

PXZ and (B) AIE molecule, i.e. TPE-TAPBI, in THF/water mixtures with different 

water fractions (fw).

Table S1. The photophysical properties of the AIDF molecule, i.e. mCP-BP-PXZ, in 

THF/water mixtures with different water fractions (fw).

Molecule
(fw)

λem 
a
 

[nm]
ΦPL

b
 

[%]
τp/τd

c
  

[ns]/[ns]
ΦPF/ΦDF

d
 

[%]/[%]
kf

e
 

[107 s-1]

kISC
f
 

[107 s-1]

kRISC
g
 

[106 s-1] 

mCP-BP-PXZ 
(95 %) 553 62.2 16/702 42.1/20.1 2.63 3.62 1.17

mCP-BP-PXZ 
(90 %) 553 45.3 17/858 31.5/13.8 1.85 4.03 0.76

mCP-BP-PXZ 
(80 %) 555 11.1 12/546 10.2/0.9 0.85 7.48 0.18
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mCP-BP-PXZ 
(0 %) 618 5.1 3.6/- 5.1/- 1.42 26.4h -

a
 Measured in THF/water mixtures at room temperature. b

 Absolute PLQY evaluated using an 
integrating sphere under air atmosphere. c

 The prompt fluorescence lifetime (τp) and the delayed 
fluorescence lifetime (τd) calculated by PL decay curves from 0 to 5 μs under air atmosphere at 300 
K, the average lifetime calculated by τav = ∑Aiτi

2/∑Aiτi, where Ai is the pre-exponential for lifetime 
τi (Ai and τi are shown in Figure S1). d The fractional contributions of the prompt fluorescence (ΦPF) 
and delayed fluorescence (ΦDF) to the total ΦPL calculated by emission decay curves from 0 to 5 µs 
under air atmosphere. ΦPL= ΦPF + ΦDF , ΦPF= rprompt × ΦPL，rprompt = τ1A1/(τ1A1+ τ2A2+ τ3A3), ΦDF = 
rdelayed × ΦPL, rdelayed = 1 − rprompt. e The fluorescence rate constants of S1 calculated using equation of 
kf = ФPF /τp. f

 The rate constants of ISC calculated using equation of kISC = 1/τp(1-ΦPF). g The rate 
constant of RISC rate was calculated using equation of kRISC= (kpkd)/kISC × (ΦDF/ΦPF), in which kp 
= 1/τp, kd = 1/ τd. 

h Herein, this rate stands for nonradiative decay rate for this sample without distinct 
delayed fluorescent property, i.e. knr = kp- kf..

Table S2. The photophysical properties of the AIE molecule, i.e. TPE-TAPBI, in 

THF/water mixtures with different water fractions (fw). 

Molecule
(fw)

λem 
a
 

[nm]
ΦPL

b
 

[%]
τp

c
 

[ns]
kf

d
 

[108 s-1]

knr
e
 

[108 s-1]

TPE-TAPBI (90 %) 454 75.9 2.7 2.8 0.9

TPE-TAPBI (80 %) 452 31.5 2.5 1.3 2.7

TPE-TAPBI (70 %) 449 15.6 1.6 1.0 5.3
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TPE-TAPBI (0 %) 448 6.5 0.7 0.9 13.4

a Measured in THF/water mixtures at room temperature. b Absolute PL quantum yield evaluated 
using an integrating sphere under air atmosphere. c The prompt fluorescence lifetime (τp) calculated 
by emission decay curves from 0 to 40 ns under air atmosphere at 300 K, the average lifetime 
calculated by τav = ∑Aiτi

2/∑Aiτi, where Ai is the pre-exponential for lifetime τi (Ai and τi are shown 
in Figure S2). d The radiative fluorescent decay rate from S1 to S0 level, kf = ΦPL/ τp. 

e The 
nonradiative decay rate from S1 to S0 level, knr =1/τp- kf.

Figure S4. The UV irradiation (λ = 365 nm) photographs of GCE modified with AIDF 

molecule, i.e. mCP-BP-PXZ (pre-aggregated solution condition: mCP-BP-PXZ 

luminogen solution dissolved in THF/H2O mixtures with different water fractions).
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Figure S5. TEM characterizations of dip-coated film morphology of AIDF luminogen 

solution (A), i.e. mCP-BP-PXZ, or AIE luminogen solution (B), i.e. TPE-TAPBI, (pre-

aggregated solution condition: 0.1 mM, fw = 95 %).
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Figure S6. The transient PL decay curves of the AIDF molecule, i.e. mCP-BP-PXZ (fw 

= 95 %) dip-coated film under different atmosphere condition, i.e. nitrogen, air, oxygen 

(excitation wavelength: 363 nm, and detection wavelength: 542 nm) at 300 K.
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Figure S7. The transient PL decay curves and their exponential fitting results of the 

AIDF molecule, i.e. mCP-BP-PXZ (fw = 95%) dip-coated film under different 

atmosphere condition, i.e. nitrogen, air, oxygen (excitation wavelength: 363 nm, and 

detection wavelength: 542 nm) at 300 K.
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Table S3. The photophysical properties of the AIDF molecule, mCP-BP-PXZ (fw = 95 

%) dip-coated film under different atmosphere condition.

τ
p
/τ

d 

c
 [ns]/[ns]

film
λ

abs 

a

[nm]

λ
em 

a

[nm]

Φ
PL 

b

[%] air N
2

O
2

Φ
PF

/Φ
DF

d

[%]/[%]

k
f 

e

[10
7
 s

-1
]

k
ISC 

f

[10
7
 s

-1
]

k
RISC 

g

[10
6
 s

-1
]

mCP-

BP-

PXZ

344,330,

297
542 28.3

17/

453

19/

877

18/

355
15.6/12.7 0.9 5.0 2.1

a
 Measured in neat film at room temperature. b

 Absolute PL quantum yield evaluated using an 
integrating sphere under air atmosphere. c

 The prompt fluorescence lifetime (τp) and the delayed 
fluorescence lifetime (τd) calculated by emission decay curves from 0 to 5 μs under air, nitrogen and 
oxygen atmosphere at 300 K. d

 The fractional contributions of the fluorescence (ΦF) and TADF 
(ΦTADF) to the total ΦPL calculated by emission decay curves from 0 to 5 µs under air atmosphere. 
ΦPL= ΦPF + ΦDF , ΦPF = rprompt×ΦPL，rprompt = τ1A1/(τ1A1+ τ2A2+ τ3A3), ΦDF = rdelayed×ΦPL, rdelayed = 1 
− rprompt. 

e
 The fluorescence rate constants of S1 calculated using equation of kf = ФPF/τp. 

f
 The rate 

constants of ISC calculated using equation of kISC = 1/τp(1-ΦPF). g
 The rate constant of RISC rate 

was calculated using equation of KRISC= (kpkd)/KISC×(ΦDF/ΦPF), in which kp =1/τp, kd = 1/ τd. 



S11

Figure S8. Normalized PL spectra of the AIDF luminogen, i.e. mCP-BP-PXZ, or AIE 

luminogen, i.e. TPE-TAPBI (fw = 95 %) in PBS solution or in dip-coated neat film.
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Figure S9. Cyclic voltammograms of mCP-BP-PXZ and TPE-TAPBI in solution (1 

mM) (measured in high purity nitrogen-filled glovebox, using the solvent of 

dichloromethane (DCM) and acetonitrile (ACN) for oxidation and reduction scan, 

respectively. 0.1 M TBAPF6, scan rate: 0.1 V s-1, potential versus Ag/Ag+). 
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Table S4. Electrochemical data of AIDF molecule, i.e. mCP-BP-PXZ, and AIE 

molecule, i.e. TPE-TAPBI, and the calculated energy levels and energy gap.

Molecule
a)𝐸 𝑂𝑋

1/2

[V]

a)𝐸𝑅𝑒𝑑
1/2 

[V]

HOMO b) 

[eV]

LUMO b) 

[eV]

E
g 

b) 

[eV]

mCP-BP-PXZ 0.49 -2.16 -5.09 -2.60 2.49

TPE-TAPBI 0.85 - c) -5.46 -2.67 d) 2.93 e)

a) Potential was versus Ag/Ag+, in which  and  are the half wave potential for oxidation and 𝐸 𝑂𝑋
1/2 𝐸𝑅𝑒𝑑

1/2

reduction, respectively (calculated as the mean value of the redox peaks) s1, s2. b) Ferrocene couple 
(Fc/Fc+) was used as the internal reference. The energy levels were calculated using the following 

equations: EHOMO = − (  4.8) eV, ELUMO = −(  4.8) eV，
𝐸 𝑂𝑥

1/2 ‒ 𝐸
𝐹𝑐/𝐹𝑐 + + 𝐸𝑅𝑒𝑑

1/2 ‒ 𝐸
𝐹𝑐/𝐹𝑐 + +

c) not precisely available due to irreversible redox process. d) ELUMO = Eg + 𝐸𝑔 = 𝐸𝐿𝑈𝑀𝑂 ‒ 𝐸𝐻𝑂𝑀𝑂. 

EHOMO. e) from ref. s3, i.e. optical bandgap calculated from the onset of the absorption spectrum.
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Figure S10. Anodic cyclic voltammograms and the corresponding oxidative-reduction 

ECL responses of bare GCE, or bare GCE/40 mM TPrA or AIDF-luminogen-modified 

GCE/40 mM TPrA couple (while the dip-coated AIDF film was fabricated by using 

different AIDF luminogen solution in THF/water mixtures with different water 

fractions, i.e. 50 % - 95 %. CV/ECL test conditions: a potential window ranging from 

0 V to 1.3 V (vs, Ag/AgCl), scan rate: 0.5 V s-1, 0.1 M PBS containing 0.1 M KCl, pH: 

7.44. PMT Voltage: 850 V.
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Figure S11. (A) Anodic cyclic voltammograms and (B) the corresponding oxidative-

reduction ECL responses of bare GCE, or bare GCE/40 mM TPrA or AIE-luminogen-

modified GCE/40 mM TPrA couple (Condition: the dip-coated AIE-luminogen-

modified GCE used the TPE-TAPBI luminogen solution in THF/water mixture 

containing the water fraction of 95%). Inset: PL and ECL spectra of the AIE molecule 

in the solid state. CV/ECL test condition: a potential window ranging from 0 V to 1.3 

V (vs, Ag/AgCl), scan rate: 0.5 V s-1, 0.1 M PBS containing 0.1 M KCl, pH: 7.44. PMT: 

850 V. 

Table S5. The details about the integrated current and ECL intensity signals for 
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calculating the relative ECL efficiency of TPE-TAPBI (fw: 95 %)-luminogen-modified 

GCE/TPrA vs. mCP-BP-PXZ (fw: 95 %)-luminogen-modified GCE/TPrA in the PBS 

medium.

System
𝑏

∫
𝑎

𝐼𝑑𝑡
𝑏

∫
𝑎

𝑖𝑑𝑡
ΦECL

[%]

TPE-TAPBI/TPrA 536.26 1.39 100

mCP-BP-PXZ/TPrA 2217.52 1.06 540

 



S17

Table S6. Main photophysical and ECL parameters for the AIDF molecule, i.e. mCP-

BP-PXZ, and the AIE molecule, i.e. TPE-TAPBI, respectively.

PL lifetime a

Molecule fw (vol%)
τPF 
(ns)

τDF 
(ns)

PL 
 𝜆

[nm]
ECL 

c 𝜆

[nm]
ΦPL 

d

[%]
ΦECL 

e

[%]

mCP-BP-PXZ 95 17 453 542 a
553 b 596 28.3 540

TPE-TAPBI 95 2.7 - 456 a
454 b 477 34.0 100

a Tested for neat dip-coated film (fw: 95 %) in air. b Tested for the solution (fw: 95 %). c ECL peak 
position for oxidative-reduction ECL with TPrA. d Absolute PLQY evaluated using an integrating 
sphere under air atmosphere. e Relative ECL efficiency of mCP-BP-PXZ -modified GCE (fw: 95 
%)/TPrA (40 mM) vs. TPE-TAPBI -modified GCE (fw: 95 %)/TPrA (40 mM) reference (setting as 
100 %). 
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Figure S12. ECL stability test (50 cycles) for the AIDF-luminogen-modified 

GCE/TPrA couple (the dip-coated mCP-BP-PXZ solution contained different water 

fractions ranging from 50 % to 95 %. ECL test condition: a potential window: 0 V-1.3 

V (vs, Ag/AgCl), scan rate: 0.5 V s-1, 0.1 M PBS containing 0.1 M KCl and 40 mM 

TPrA, pH: 7.44. PMT: 850 V.
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Figure S13. Normalized PL spectra of AIDF (A) or AIE (B) luminogen modified GCE 

sample, i.e. before and after oxidative-reduction ECL test using such sample discussed 

above. 

Figure S14. ECL stability test (50 cycles) for the AIDF-luminogen-modified 

GCE/TPrA couple (the dip-coated mCP-BP-PXZ solution contained 95% water 

fraction. ECL test condition: a potential window: 0 V - 1.3 V (vs, Ag/AgCl), scan rate: 

0.5 V s-1, 0.1 M PBS containing 0.1 M KCl) using different concentration of TPrA, i.e. 

80, 120, 160 and 200 mM, respectively.
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