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Carbon dioxide, the so-called greenhouse gas, is considered as a waste material till recently, but nowadays it is regarded as a good C1 source material and thus has become to be considered as a wealth [1]. In spite of this realization, followed by intense research on the reduction of carbon dioxide into value added chemicals or fuels, the conversion levels still remain small (less than millimolar quantities) thus not amenable for commercial exploitation [2,3]. One of the issues for this low yield in the reduction of carbon dioxide is associated with high value of the reduction potential for the initial electron transfer from the catalyst surface, that is for the following reduction reaction; CO2(aq) + e → CO2(aq)- the reduction potential value is -2.14 V vs SCE[2] even though the subsequent electron transfers may be favorable i.e. more negative or positive value redox potential with respect to the conduction band minimum of most of the semiconductor materials, a situation favourable for the feasibility of the reaction. Rapid reduction thus requires an overpotential of up to 0.6V due to the kinetic restrictions imposed in converting the linear neutral molecule to the bent anion moiety. The question to be answered at this stage is how this thermodynamic limitation is overcome in the product formation in photocatalytic reduction of carbon dioxide? Possibly photon assisted multielectron transfer is possible under photocatalytic reduction of carbon dioxide.
A comprehensive listing of reduction potential values for the photocatalytic reduction of carbon dioxide is given in Table 1.
Table 1 Reduction potential values for carbon dioxide (the value for hydrogen production from water is included for comparative purpose and its relevance in CO2 reduction)
	Reaction
	E0redox  in eV 

	CO2 +  e → CO2-
	 >-1.9

	CO2 + 2H+ + 2e → HCOOH
CO2 + 2H2O +2e → HCOOH_ + OH-
	-0.61
-1.491

	CO2 + 2H+ + 2e → CO + H2O
CO2 + 2H2O + 2e → CO + 2OH_
2CO2 + 2H+ + 2e → H2C2O4
2CO2 + 2e → C2O42-
	-0.53
-1.347
-0.913
-1.003

	CO2 + 4H+ + 4e → C + 2H2O
	-0.20

	CO2 + 4H+ + 4e → HCHO +H2O
CO2 + 3H2O  + 4e →HCHO + 4OH-
CO2 + 2H2O  + 4e → C + 4OH__
	-0.48
-1.311
-1.040

	CO2 + 6H+ + 6e → CH3OH + H2O
CO2 + 5H2O  + 4e →CH3OH +6H2O
	-0.38
-1.225

	CO2 + 8H+ + 8e → CH4 + 2H2O
CO2 + 6H2O  + 8e → CH4 +8OH--
	-0.24
-1.072

	2CO2 + 12H+ + 12e→ C2H4 + 4H2O
2 CO2 + 8H2O + 12e→ C2H4 + 12 OH—
2CO2 + 12H+ + 12e→ C2H5 OH + 3H2O
2CO2 + 9H2O +12e→ C2H5 OH + 12 OH--
	-0.349
-1.177
-0.329
-1.157

	2CO2 + 14H+ + 14e → C2H6 +4H2O
	-0.270

	3CO2 +18H+ + 18e → C3H7 OH +H2O
	-0.310

	2H+ + 2e → H2
	-0.42



Although low yields in the photocatalytic reduction of carbon dioxide are observed, encouraging laboratory experimental results have been obtained in both gas and liquid phases. Semiconductor-based systems, metal–organic frameworks (MOFs), and composites involving C3N4 and MoS2 have been employed for the photoreduction. Semiconductor heterostructures, containing bimetallic alloys and chemical modification of oxides with anion substitution (N3– and F– in place of O2–), have been tried as possible catalytic candidates. 
The proposed Chapter will attempt to cover the following aspects:
1. Extensive review of the recent literature, since earlier results are already available in books [2,3]
2. Why the present experiments do not reflect a commercially viable process?
3. The extent of the kinetic or thermodynamic controls on the overall process.
4. The energetics of the semiconductor and their relevance to the photo-catalytic reduction of carbon dioxide.
5. Nature promotes photo-synthesis but the same s not feasible in laboratory scale - the reasons for this situation.
6. The energetics of semiconductor solids and how or to what extent they can made to mimic natural chlorophyll?
7. The low photocatalytic efficiency, low response to sunlight, inefficient electron transport between reduction and oxidation sites, and high recombination rate of photogenerated species are the major factors responsible for the low rate of productivity in photocatalytic reduction of CO2 with H2O. Another factor is the short lifetimes of one-electron-reduced species and the photo-excited state in the presence of O2 generated by H2O oxidation. The proposed write up will address these questions [6]. The main process that will typically take place on a photocatalyst is pictorially shown in Fig.1.
8. Perspectives and possible methodologies for making this process a commercially viable.[image: ]
Fig.1. Schematic diagram of photo-excitation and electron transfer process in a semiconductor.
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