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PHOTOCATALYSIS

Three steps
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1. Photo-catalytic activation of small molecules
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2. Microwave-catalytic recycling of plastics & intensified processes
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Large Chinese land carbon sink estimated from
atmospheric carbon dioxide data

Jing Wang, Liang Feng, Paul |. Palmer =), Yi Liu &, Shuangxi Fang =), Hartmut Bosch, Christopher W.
O’'Dell, Xiaoping Tang, Dongxu Yang, Lixin Liu & ChaoZong Xia

Nature 586, 720—-723(2020) | Cite this article
3821 Accesses | 147 Altmetric | Metrics

Abstract

Limiting the rise in global mean temperatures relies on reducing carbon dioxide (CO5)
emissions and on the removal of CO5 by land carbon sinks. China is currently the single
largest emitter of CO5, responsible for approximately 27 per cent (2.67 petagrams of carbon
per year) of global fossil fuel emissions in 2017, Understanding of Chinese land biosphere
fluxes has been hampered by sparse data coverage?->*, which has resulted in a wide range of
a posteriori estimates of flux. Here we present recently available data on the atmospheric

mole fraction of CO5, measured from six sites across China durin sing these
data, we estimate a mean Chinesaana Biospﬂerem of —1.11 + 0.38 petagrams of carbon

per year during 2010 to 2016, equivglsnt to about 45 per sﬂt of our estimate of annual
Chinese anthropogenic emissions over that period. r estimate reflects a previously
e —

nature briefi

View all Nature Research journals

Search Q Legin @

Table1 Carbon dioxide fluxes over China and East Asia

From: Large Chinese land carbon sink estimated from atmospheric carbon dioxide data

This study (Pg Cyr™") Previous studies (Pg C yr™")
Year SR-1 SR-2 Method Period Carbon balance Reference
2010 -060+051 -099+038 1961-2005 -0.179° s
201 -0.74+053 -132x036 1980-1999  -0.177 + 0.073% .
2012 -0.74+053 -125+0.39 Inventory-sateliite-based or process-based model estimation  1980-2009  -0.224 + 0.141%¢ 14
2013 -0.61+£ 0556 -087=045 2001-2010 -0.966° 8
2014 -068+049 -108x0.39 2006-2009 -0.33" 4
2015 -052+ 054 -103=034 1996-2005 -0.35=+0.33% s
2016 -0.77+047 -125x031 1990-2009 -0.270 + 0.507°¢ 1
Atmospheric inversion 2001-2010 -0.33° ”
2008-2012 -0.46 (-1.18 to -0.01)3<4 2
2010-2016 mean -066+052 -111+0.38 2006-2009 -0.45% 4
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WATER
MOLECULE ;
p CO2 \\ formic acid
4 C “
H20 e ¢
0=C=0 methane ethylene

H-O 459 KJ/mol
C=0 799 KJ/mol

http://www.wiredchemist.com/chemistry/data/bond_energies_lengths.htm?



ST st ooy » agwen EENETQY CONsUmed in 2015-2018: 13-15 T

wWind >100TW 72 TW

Hydroelectric 10 TW <3TW

Geothermal 40TW Mean flux at surface:
~0.1W/m?2

Biomass 18 TW by 2050

Ocean 3TW 1TW

Solar: 1x10°TW ~70% available on earth

Nuclear ~1 GW/ reactor One new reactor /day

for the next 50 years

Nature, 2008, 454, 816-823 6
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Challenges facing in photocatalysis |
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4-photon chemistry for O, evolution on TiO,
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1. Tang, et al. TiO2- J. Am. Chem. Soc, (Article) 2008,
130, 13885

Tang, et al. TiO2- J. Phys. Chem. C, 2010, 114, 4208
Tang, et al. N-TiO2 -J. Phys. Chem. C, 2011, 115, 3143
Tang, et al. Fe203- Chem. Commun. 2011, 47, 716
Serpone, N. J. Phys. Chem. C, 1995, 99, 16655.
Yamakata, J. Phys. Chem. B 2001, 105, 7258.
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Visible driven processes . @

IDEAL.: Visible responsive (1.23 eV + 0.6 eV)
Suitable band position for both reduction A

: : 15 B
of CO, and oxidation of water | ! \
Abundant elements / Low cost 2 E
0.5 Clll() R_GO €
RObUSt E ) : p A PrrrTTTTTTAY. W 00,/CO
: —
VB
Cu,0O1
—Narrow bandgap (about 2.1 eV) ~ 600nm
—CB bottom (-1.5 eV vs NHE) and
VB top (+ 0.6 eV vs NHE)

—Low cost
—Naturally p-type

« High hole mobility

» Long minority-carrier diffusion length.3
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1. A. O. Musa, et al, Sol. Energy Mater. Sol. Cells 1998, 51, 305-316;



— Ml — without CO2
—@— Blank (no catalyst)

300 - A Blank (no light)
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CO, reduction and H, evolution on bare

Cu,O photocatalyst under full arc of 150 W

Xe lamp and 0.7M of Na,SOs,.
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Handoko, A.D., Li, K., Tang, J. Current Opinion in Chemical Engineering , 2013, 2(2), 200-206

Pastor E. ...Tang, J. Physical Chemistry Chemical Physics, 2014, 16 (13), 5922-5926
Handoko, A.D., Tang, J. International Journal of Hydrogen Energy, 2013, 38(29) 13017-13022.
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? Stability

Handoko, A.D., Li, K., Tang, J. Current Opinion in Chemical Engineering , 2013, 2(2), 200-206
Pastor E. ...Tang, J. Physical Chemistry Chemical Physics, 2014, 16 (13), 5922-5926
Handoko, A.D., Tang, J. International Journal of Hydrogen Energy, 2013, 38(29) 13017-13022.
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Tang J.. ChemSusChem, 2014,1086-1093. Inside cover.

Li, K.,

An, X.
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Visible driven CO, reduction by water - I !: .

“nature >
COMMUNICATIONS

ARTICLE B e

N Unique hole-accepting carbon-dots promoting
! ' selective carbon dioxide reduction nearly 100%

ﬁ \ to methanol by pure water
N I IX Yiou Wang"'?%, Xu Liv"™, Xiaoyu Han*", Robert Godin® **™, Jialu Chen®, Wuzong Zhou® >, Chaoran Jiang,
Jamie F. Thompson®, K. Bayazit Mustafa'®, Stephen A. Shevlin®, James R. Durrant(®
M * Zhengiao Guo® *"3% & Junwang Tang® ™=
il

v
Yy
oy 1 A

Graphitic carbon nitride
C;N, (denote CN)

7

Wang, Y., ... Durrant, J.R.”, Cooper, A.l.", Tang, J.", Nature Energy, 2019, 4, 746-760.
Wang, X., & Domen, K. et al. Nature materials 2009, 8, 76-80 15



mCD, O/N- doped relatlvely crystalllne and much smaller

Low magnlflcatlon TEM image of (a) CN, (b) ™CD
prepared by the microwave-assisted method, (c) SCD

prepared by the sonication method and
nanocomposite of "CD (marked by circles)/CN.

(d)

SCD is relatively amorphous and large QD.

Fig: Top, scale bar: 10 nm. Inset: an enlarged
image showing (110) crystal fringes of CN,
Bottom, scale bar: 5 nm. "CD are marked by
circles. Inset: an enlarged image shomi'@g (110)
crystalline graphite superstructure of "CD.
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Photocatalytic CO, conversion to methanol under visible light (A> 420 nm). Error bar: "CD/CN
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Wang, Y.. .Tang, J., .Nature Communications, 2020, 11, 2531. 17
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synthesis. (b) Stability test under visible light irradiation
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Wang, Y.. .Tang, J., .Nature Communications, 2020, 11, 2531.
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Function of CD-charge separation

510 nm (h") 700 nm (e)

% Absorption
% Absorption

Time (s) Time (s)

TAS kinetics probed CN dispersed in H,O (black) and 10 mM AgNO; aqueous solution (red).

20
Wang, Y.. .Tang, J., .Nature Communications, 2020, 11, 2531.
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1. Tang J., Klug, D., Durrant, J., J. Am. Chem. Soc, (Article) 2008, 130, 13885-13891.
2. Wang, Y.. .Tang, J., .Nature Communications, 2020, 11, 2531.
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Fast charge recombination (ns-us), slow photochemical reaction (ms-s),
extremely fast MeOH oxidation (<ns)

» Feasibility----Cu,O can photo-reduce CO, to CO in the presence of a hole scavenger;

» Cu,Olgraphene oxide, ~ 20 times better activity compared with TiO, but also a good
stability.... Half reaction

% New junction "CD/CN, can reduce CO, by water to methanol with ~ 100% selectivity,

*

together with a stoichiometric oxidation product O, Ideal.

% The external quantum yield is 2.1% at 420 nm and even 0.7% at 500 nm and
0.4% at 600 nm, as confirmed by the isotope C!3 test, which is ca. 30 times

higher than SCD/CN for CO2 reduction.

¢ Multifunction of "CD with crystalline graphite structure:

Hole acceptor, water adsorption sites and O, production sites.

25
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