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Scheme S1. Diagram comparing the charge transfer in amorphous and crystal structure.

  
Figure S1. (a) SEM image of amorphous phosphorus; (b) original TEM image of 
amorphous phosphorus; (c) TEM image highlighting (light blue) the grain interface in 
amorphous phosphurus
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Figure S2. XRD pattern of fibrous red P in detail.

Table S1. The summary of XRD peaks of Fibrous P and standard fibrous red P 
(CSD391323. cif), 

Number Peaks position (2Theta)
(Fibrous red P)

Peaks position (2Theta)
 (standard fibrous red P)

h k l

1 8.00 7.937 1 0 0
2 9.10 9.382 -1 1 0
3 12.62 12.939 1 1 0
4 14.44 14.182 -1 0 1
5 15.10 15.243 0 0 1
6 15.90 15.912 2 0 0
7 16.15 16.099 0 2 0
8 17.13 17.241 -2 0 1
9 18.54 18.827 -2 2 0
10 20.84 20.883 0 -3 1
11 23.64 23.965 3 0 0
12 24.70 24.436 -3 1 1
13 25.90 26.111 2 0 1
14 27.70 27.758 0 -4 1
15 28.40 28.588 -2 0 2
16 29.35 29.695 -4 0 1
17 30.80 30.764 0 0 2
18 31.90 32.141 4 0 0
19 32.60 32.622 1 -4 2
20 33.42 33.304 3 0 1
21 34.04 34.003 -3 4 0
22 35.10 34.889 -4 0 2
23 35.97 35.951 1 4 0
24 36.71 37.013 1 -5 2
25 37.88 38.188 -4 4 0



26 39.56 39.587 4 -4 1
27 40.84 40.762 0 -4 3
28 43.45 43.194 1 -4 3
29 44.65 44.837 -3 3 2
30 49.07 49.160 5 0 1
31 49.80 49.589 0 -7 2
32 50.50 50.410 1 -7 1
33 51.20 50.879 1 0 3
34 52.08 51.976 -6 4 1
35 53.38 53.232 6 -4 1
36 54.80 54.765 4 -7 1
37 56.40 56.660 1 -8 2
38 59.36 59.133 -2 0 4
39 60.70 60.902 1 4 2

Figure S3. Comparison of the XRD pattern for experimental-synthesized fibrous P and 
standard hittorf’s P



Figure S4. The P 2p fine XPS spectra of (a) amorphous P and (b) fibrous P

Figure S5. Absorption spectra of (a) fibrous P and (b) amorphous P. Kubelka–Munk 

plots converted from the absorption spectra of (a) fibrous P and (b) amorphous P.

c

a b

a

d

b



Figure S6. Mott-Schottky plot of fibrous P

 

Figure S7. GC curve showing the formation of CO and (b) standard curve showing the 
peak area as a function of CO volume.
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Figure S8. Hydrogen nuclear magnetic resonance spectrum of solution after CO2 
reduction on fibrous P. No peak related to formic acid, methanol or ethanol can be 
found. 

Figure S9. Cycling test of CO2 reduction into CO on Fibrous P.



Figure S10. CO2 adsorption curve of amorphous P and fibrous P

Figure S11. Nanosecond of transient absorption spectra of (a) amorphous and (b) 

crystalline red phosphorus.
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Figure S12. Magnified femtosecond absorption transient spectrum of amorphous P and 
fibrous P in the beginning 100 ps.

Figure S13. Tafel plot of fibrous P in (a) Ar, and (b) CO2 saturated 1M KHCO3 
electrolyte
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Figure S14. Fine XPS spectrum of P 2p for fibrous P (a) before and (b) after 
photocatalytic reaction without Ar sputtering. (c) XPS spectrum of P 2p for fibrous P 
after photocatalytic reaction with 300 s Ar sputtering. (d) XRD pattern of Fibrous P 
before and after photocatalytic CO2 reduction.

Figure S15. Top view of CO2-FP system after structure relaxation.
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Figure S16. Structure of fibrous P with an oxygen layer (a) before, and (b) after 
structure relxation. (c) Localized electron density map.
   It is clearly that the CO2 does not infuence the localized electron density of the 
substrate when the phosphorus surface is cover with oxygen, which is different from 
the pure phosphorus substrate.
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Table S2. Summary of recent-published (2018-2020) report of photocatalytic CO2 
reduction to CO. In the Reaction condition, gas system means the reaction is carried 
out by putting photocatalyst particles in CO2 gas atmosphere, while liquid means the 
photocatalyst particles are dispersed in CO2 bubbled solution.

No. Materials
Generation 
rate of CO 

(μmol h−1 g−1)
Reaction condition Ref.

1 Ti3C2 MXene/g-
C3N4 nanosheets

5.19

gas system;
visible light irradiation (λ ≥ 420 nm); 300W 
Xenon lamp (PLS-SXE300) with a 420 nm 
cut-off filter

1

2 g-C3N4 3.3

liquid system;
H2 production:300W xenon lamp (equipped 
with a 420 nm cutoff filter; CO2 
Reduction:300 W Xe lamp with an AM1.5 
filter

2

3
hierarchical 

flower-like g-C3N4 18.8
gas system;
300W Xe lamp irradiation

3

4
Ternary g-

C3N4/ZnNCN@ZI
F-8

0.45
gas system;
300W full spectrum xenon lamp

4

5

Amino-Assisted 
NH2-UiO-66 
Anchored on 

Porous g-C3N4

31
liquid system;
300W Xe arc lamp equipped with a 400 nm 
cutoff filter

5

6 3%Ni/NiO/C3N4 27
liquid system;
xenon lamp irradiation

6

7 2%Cu/S/C3N4 2.4
liquid system;
500W Xe arc lamp (filters light below 335 
nm,under visible-light irradiation)

7

8 g-C3N4@CeO2 16.8
liquid system;

300W Xe light with a 420 nm cutoff filter
8

9
Z-Scheme g-
C3N4/FeWO4 6.2

liquid system;
300W xenon lamp

9

10 NiO/g-C3N4 4.17
liquid system;
300 W Xenon-arc lamp

10



11 Au@g-C3N4/SnS 17.1
liquid system;
300W Xe light with a 420 nm cutoff filter

11

12 CsPbBr3 
QDs /C3N4

149
liquid system;
300W Xe-lamp equipped with a 420 nm 
cut-off filter

12

13 Mg/g-C3N4 4.13
liquid system;
300W Xenon-arc lamp

13

14 Fe2O3/g-C3N4 27
gas system;
xenon lamp with a focus intensity of 0.21 W 
cm−2

14

15 ZnO Micro/nanom
aterials

3.81
gas system;
under sunlight irradiation

15

16 Cu/TiO2 catalysts 60

gas system;
A Xe arc source system (Newport, Model 
63220) was the irradiation source and a 
liquid cooler was mounted to absorb the 
infrared portion of the light.

16

17 N-doped TiO2 0.11
gas system;
a Xe lamp (equipped with a cut off filter for 
infrared for wavelengths above 600 nm)

17

18 Au-25@ZIF-
8@TiO2

132
liquid system;
300 W Xe lamp (420 nm cut-off filter

18

19
vertically aligned 

rutile TiO2 (r-TiO2) 
nanorod

0.138
liquid system;
300W Xenon arc lamp

19

20 Cu Ultrathin TiO2 
Nanosheet

1.9
liquid system;
300W Xe arc lamp

20

21 Eu-doped TiO2 42.9
liquid system;
300W Xenon-arc lamp

21

22 Au-TiO2 2.0
gas system;
200W Hg/Xe lamp with IR filter

22

23 Pd 
nanoparticle/TiO2

11.1
gas system;
A mercury lamp (500W, >254 nm)

23

24

Mesoporous TiO2/ 
3D 

Graphene/Layered 
MoS2

92.3
liquid system;
300 W Xe lamp

24

25 Hierarchical TiO2/
Ni(OH)(2)

0.76
liquid system;
350 W xenon arc lamp

25

26 cobalt 
complex/TiO2

16.8
liquid system;
Five non-focused 6W UV lights (Hitachi 
F6T5, 365 nm)

26

27 BP/C3N4 6.54
gas system;
300W Xenon-arc lamp

27



28 BiVO4/Bi4Ti3O12 12.39
liquid system;
300W Xe lamp with a focus intensity of 0.2 
W cm−2

28

29

Zinc 
Phthalocyanine/Bi

VO4
1.0

liquid system;
300 W Xenon arc lamp with a 420 nm cut-
off filter

29

30 Black P nanosheets 6.0
liquid system;
200 W Xenon arc lamp, 200 mWcm-2

30

31 Black P/ CsPbBr3 
composite

44.7
liquid system;
200 W Xenon arc lamp, 200 mWcm-2

30

32 Black P 1.5

containing 30 mL of
liquid system;
with acetonitrile, 10 mL of triethanolamine 
(TEOA), 300 W Xenon arc lamp

31

33 Black P/ Covalent 
Triazine Framework

4.6

liquid system;
with acetonitrile, 10 mL of triethanolamine 
(TEOA), 300 W Xenon arc lamp

31

34 Amorphous red P 2.1
gas system
300 W Xenon arc lamp with a 420 nm cut-
off filter

This 
work

35 Fibrous red P 22
gas system
300 W Xenon arc lamp with a 420 nm cut-
off filter

This 
work
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