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The calculation of photon to yield efficiency:

In this study, the photon to yield efficiency is calculated by the ratio of the number of CO
molecules generated to the number of photons absorbed [1]:

) produced CO molecules per unit time
Photon to yield =

absorbed photon numbers per unit time

The produced CO molecules is calculated from the CO generate rate. The absorbed photon
numbers is estimated from the spectrum dispersion of the xenon lamp and the absorption rate of

the carbon particles. The absorbed photon numbers Nphoto can be expressed as:
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Where, the ! is the light intensity; Specke is the xenon lamp spectral intensity distribution (Fig
A
S5);

speed of light; 4 is the wavelength; Ny is the Avogadro constant.

carbon ig the carbon absorptivity; S is the illumination area; h is the Planck constant; € is the
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Fig S1. Spectral intensity distribution of the 300 W Xenon lamp.



Table S1. Photon to yield efficiency.

Catalyst and reaction Photon to yield efficiency reference
Solar reverse Boudourd reaction in PFBR 0.04% (48.41 W/m?) This work
Solar reverse Boudourd reaction in Fixed bed 0.02% (48.41 W/m?) This work
Ni,P5 for reverse water gas shift (RWGS) 0.06 % [1]
Cu—Fe/ TiO,—Si0, for CO, photocatalytic to 0.05 % [2]
methane

Ti0, nanotubes for CO, photocatalytic to 0.06 % [3]

methane




Fig. S2. TEM images of (a) pristine carbon before the reaction. (b) Carbon after reaction in fixed
bed reactor (FBR). (¢) Carbon after reaction in Photo fluidized bed reactor (PFBR).
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Fig S3. PXRD pattern of carbon samples before and after reaction in FBR and PFBR.
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Fig S4. XPS survey scan of (a) pristine carbon. (b) spent carbon from FBR. (c) spent carbon
from PFBR.



x10%

x 10t

20

5= C1s§

——
288
Binding Energy (eV)

T
292

18 | @ j
(a) g 18| (B)
16| ]
14|
12 ]
o 10
&
8 |
6]
4
2]
R B e o | i Py 2
300 296 292 288 284 280
Binding Energy (eV)
x 10* m
301(C) 2
o
251 A
20 ]
\
@
G 15] |
|
10 /|
|
5]
A /‘ \
. VA \
— T T T T T T
300 206 292 288 284 280

Binding Energy (eV)

Fig S5. Cls high-resolution XPS spectrum of (a) pristine carbon. (b) spent carbon from FBR. (c)

spent carbon from PFBR.



Table S2. Identification and quantification of elements from XPS survey scans for carbon before
and after the reaction from FBR and PFBR.

Group Binding Energy Identification Atomic %
Name eV
(V) Pristine Spent Spent
carbon carbon carbon
from FBR from
PFBR
C-1s 285.10 element total 88.85 88.81 96.70

O-1s 533.10 element total 11.15 11.19 3.30
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