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Table 1 Standard molar enthalpy (AHS,,) and the Gibbs free energy (AG3,,) for the reduction reactions of CO, 261

Reaction

AHS,q/(kJ-mol ) AGSyg/(KJ-mol )

CO,(g)—CO(g) + 1/20,(g)
CO,(g) + H,0(1)—»HCOOH(I) + 1/204(g)
CO,(g) + H,O()»>HCOHO(1) + O(g)
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283 257
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890.9 818
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Fig.2 Application of metal nanoclusters in photocatalytic CO, reduction
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Fig.6 Study on CO production by photocatalysis of CuO/Cu,O
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Table 2 Application characteristics of metal nanoclusters in photocatalytic CO, reduction

Noble metal nanoclusters

Non-noble metal nanoclusters

Rare earth metal based nanocluster

Cu based nanoclusters

1. Easy to absorb CO,.

2. Precious metals and other catalytic materials (such
as inorganic semiconductors and organic matter, etc.)
are easy to combine,which can adjust the charge
transfer process between the interface to improve the
adsorption site and local electron density of the
catalytic surface.

3. The addition of different precious metals adjusts
the band gap width of the catalyst to improve the
efficiency of photocatalytic CO, reduction.

1. Based on the soft and hard acid-base theory, rare
earth oxides exhibit certain basicity, which can
promote the adsorption of acidic oxides CO,.

2. The special electronic structure of rare earth (such
as Ce) is conducive to the formation of oxygen
vacancy and can be used as the adsorption and
activation site of CO,.

3. Large absorption capacity for visible light can
effectively use sunlight.

4. Storage is richer than precious metals

1. Cu exists in many
forms, which can
produce a variety of
reduction products
and improve product
selectivity.

2. Common metal
catalysts, with low
cost and rich

resources.
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Research Progress of Carbon Dioxide Photoreduction Based on the
Catalyst of Metal Nanoclusters

LI Chun-xia, JTIA Mei-lin, GUO Shao-hong*, JIA Jing-chun
(College of Chemistry and Environmental Science, Inner Mongolia Normal University, Hohhot 010000, China)

Abstract: The massive burning of fossil fuels not only causes an energy crisis, but also emits carbon dioxide
(CO,) that warms the climate. Using clean and abundant sunlight as an energy source, photocatalytic reduction of
CO, into high value-added chemical products is one of the main ways to alleviate current environmental and
energy problems. However, CO, is very stable at room temperature and pressure, so it is necessary to design and
build efficient photocatalysts to capture and transform CO, to achieve the purpose of efficient photocatalytic CO,
reduction. Among the photocatalysts studied, metal nanoclusters have been widely used in the field of
photocatalytic CO, reduction because of their unique structural characteristics and excellent physical and chemical
properties. Based on this, we first classify metal nanoclusters into noble metal nanoclusters and non-precious
metal nanoclusters. Then, the research progress of noble metal and non-noble metal nanoclusters in photocatalytic
CO, reduction was summarized. This paper summarizes the research progress in this field in a timely and
comprehensive manner and provides new ideas for future research.

Key words: metal nanoclusters; photocatalysis; CO, reduction
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