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Fig. S1 N2 adsorption and desorption isotherm of ZIF-8 prepared with PVP and the 

corresponding pore diameter distribution (inset). 
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Fig. S2. SEM surface images of ZIF-8 particle powders carbonized at 0°C (a), 

450°C (b), 500°C (c), 550°C (d) and 600°C (e). 
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Fig. S3 XRD (a) patterns and Raman (b) of C450, C500, C550 and C600. 
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Fig. S4 XRD pattern of the perovskite film deposited on TiO2 coated ZIF-8 derived 

porous carbon layer. 
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Fig. S5 SEM top-view images of perovskite thin film deposited on TiO2 

nanocrystalline thin film with (a) and without (b) ZIF-8 derived porous carbon layer 

and the cross-sectional SEM images of the whole perovskite solar cell with (c) and 

without (d) ZIF-8 derived porous carbon layer.  

 

Au 100 nm 

nm160

nm1n

m 

 

Spiro-OMeTAD 160 nm 

 

nm160nm1n

m 

c 
 

Spiro-OMeTAD 160 nm 

 

d 

a b 

TiO2 380 nm 

Perovskite 390 nm 

Au 100 nm 

PCL+TiO2 520 nm 

Perovskite 400 nm 



S6 
 

350 400 450 500 550 600 650 700 750 800 850

 

 

A
b

so
rb

an
ce

 (
a.

u
.)

Wavelength (nm)

a

C550

C550

Without

Without 
P

L
 In

ten
sity

 (a.u
.)

 

1.50 1.55 1.60 1.65
0.0

0.2

0.4

0.6

0.8

 

 

(δ
h
v)

2
 *

1
0
-3

(e
V

cm
-2

)2

hv (eV)

1.57 eV

b

 

Fig. S6 Absorption spectra (solid lines) and photoluminescence spectra (dot lines) of 

perovskite thin film and the film on the derived porous carbon layer (a) and Tauc 

plot of the perovskite thin film on the derived porous carbon layer (b). 



S7 
 

0 200 400 600 800 1000 1200
0

5

10

15

20

25

Forward Scan 

Reverse Scan

 

 

C
u

rr
en

t 
d

en
si

ty
 (

m
A

c
m

-2
)

Voltage (mV)
 

Fig. S7 J–V curves under reverse/backward voltage scan for perovskite solar cell 

based on C550 porous carbon layer. 
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Fig. S8 J-V curve with efficiency of 2.25% (Jsc=6.51 mA·cm-2, Voc=6.9 V, ff=0.50) 

for perovskite solar cell based on C550 porous carbon layer without TiO2. 


