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2. Microwave-catalytic recycling of plastics & intensified processes
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CO2

CCS

CCU

H-O     459 KJ/mol

http://www.wiredchemist.com/chemistry/data/bond_energies_lengths.html

C=O    799 KJ/mol
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Gross: TW Technically Feasible: 

Wind >100TW 72 TW

Hydroelectric 10 TW <3 TW

Geothermal   40TW Mean flux at surface: 

~0.1W/m2

Biomass 18 TW by 2050

Ocean 3TW 1 TW

Solar: 1 x 105 TW ~70% available on earth

Nuclear ~1 GW/ reactor One new reactor /day 

for the next 50 years

Eenergy consumed in 2015-2018：13-15 TW 

Nature, 2008, 454, 816-823
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Market price of select CO2 recycling products

World GDP vs. energy consumption and CO2 emissions

Nitopi, S., ...Chorkendorff, IB, Chem. Rev. 

2019, 12, 7610–7672
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4-photon chemistry for O2 evolution on TiO2

1.  Tang, et al. TiO2- J. Am. Chem. Soc, (Article) 2008, 
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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. Fe2O3- Chem. Commun. 2011, 47, 716

2. Serpone, N. J. Phys. Chem. C, 1995, 99 , 16655.

3. Yamakata, J. Phys. Chem. B 2001, 105 , 7258.
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Cu2O
1

–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

1. A. O. Musa, et al, Sol. Energy Mater. Sol. Cells 1998, 51, 305-316; 

IDEAL: Visible responsive (1.23 eV + 0.6 eV)

Suitable band position for both reduction  

of CO2 and oxidation of water

Abundant elements / Low cost

Robust 

Visible driven processes
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CO2 reduction and H2 evolution on bare 

Cu2O photocatalyst under full arc of 150 W 

Xe lamp and 0.7M of Na2SO3. 

Control experiments

Initial apparent QY at 400 nm = 1.6%

~6 fold

RuOx/Cu2O

Cu2O

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 issue

Cu2O  3h run

Cu2O + RuOx  3h run

? 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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Cu2O/reduced graphene oxide  (GR) 

Cu2O

RGO

An, X., Li, K., Tang J.. ChemSusChem, 2014,1086-1093. Inside cover. 13



A linear-like reactivity, leading to a ca. 10 fold enhancement compared with 

blank Cu2O, ~ 20 times higher thant P25  with very good stability.
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NHx

Graphitic carbon nitride

C3N4   (denote CN)

Visible driven CO2 reduction by water

Wang, Y., … Durrant, J.R.*, Cooper, A.I.*, Tang, J.*, Nature Energy, 2019, 4, 746-760.

Wang, X., & Domen, K. et al. Nature materials 2009, 8, 76-80



Low magnification TEM image of (a) CN, (b) mCD

prepared by the microwave-assisted method, (c) sCD

prepared by the sonication method and (d)

nanocomposite of mCD (marked by circles)/CN.

CN

2-10 nm 

15~20 nm 

mCD, O/N-doped, relatively crystalline and much smaller ;   sCD is relatively amorphous and large QD.

0.23 nm

mCD

mCD/CN

Fig: Top, scale bar: 10 nm. Inset: an enlarged 

image showing (110) crystal fringes of CN, 

Bottom, scale bar: 5 nm. mCD are marked by 

circles. Inset: an enlarged image showing (110) 

crystalline graphite superstructure of mCD.
16
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Isotopic measurement and stability on  mCD/CN under visible light (λ> 420 nm). 
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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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Summary

➢ Cu2O/graphene oxide, ~ 20 times better activity compared with TiO2, but also a good 

stability….  Half reaction

Fast charge recombination (ns-µs), slow photochemical reaction (ms-s), 

extremely fast MeOH oxidation (<ns)

❖ New junction mCD/CN, can reduce CO2 by water to methanol with ~ 100% selectivity, 

together with a stoichiometric oxidation product O2……Ideal.

➢ Feasibility----Cu2O can photo-reduce CO2 to CO in the presence of a hole scavenger;

❖ Multifunction of mCD with crystalline graphite structure:

Hole acceptor, water adsorption sites and O2 production sites. 

❖ 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 C13 test, which is ca. 30 times 

higher than sCD/CN for CO2 reduction.
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