
Scientific Achievement 

These studies revealed that the structure and strength of adsorbed CO2 species are not only 
highly dependent on the surface structure of the TiO2 nanoparticles but also affected by the 
presence of adsorbed SOx species.

Significance and Impact

This work provides insights into how the surface structure of TiO2 impacts interactions with 
acid gases (such as CO2 and SO2) for the design of more efficient and sulfur-resistant TiO2-
based catalysts involved in CO2 capture and conversion of acid gases, processes that 
eventually lead to a sustainable energy future.
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Effect of Surface Structure of TiO2 Nanoparticles on CO2 Adsorption 

and SO2 Resistance

Research Details
– The TiO2 nanoshapes, including rods, disks, and truncated octahedral, 

were used to represent different TiO2 structures.

– Upon CO2 adsorption, carboxylates and carbonates (bridged, 
monodentate) are formed on TiO2 rods and disks, whereas only 
bidentate and monodentate carbonates are formed on TiO2 truncated 
octahedra. 

– CO2 interacts more strongly with TiO2 rods and disks than with TiO2

truncated octahedral.

– CO2 adsorption on truncated octahedra is most affected by SO2

exposure.

http://pubs.acs.org/doi/abs/10.1021/acssuschemeng.7b02295
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Sticky Note
CO2 is a major contributor to the greenhouse effect, which is a factor in anthropogenic climate change. TiO2-based catalysts are widely used for CO2 hydrogenation and photocatalytic conversion of CO2 because of their superioroxidation properties, charge transport properties, and high corrosion resistance. A complete understanding of the interaction mechanisms of SO2 with TiO2 and the effect of SO2 on CO2 interactions with TiO2 is important for designing an efficient catalyst for photocatalysis or for application as an adsorbent in CO2 capture processes. The effect of surface structure of TiO2 nanocrystals on the structure, amount, and strength of adsorbed CO2 and resistance to SO2 was investigated using in situ IR spectroscopy and mass spectrometric techniques along with first-principles density functional theory (DFT) calculations. TiO2 nanoshapes, including rods {(010) + (101) + (001)}, disks {(001) + (101)}, and truncated octahedra {(101) + (001)}, were used to represent different TiO2 structures. Upon CO2 adsorption, carboxylates and carbonates (bridged, monodentate) are formed on TiO2 rods and disks, whereas only bidentate and monodentate carbonates are formed on TiO2 truncated octahedra. In general, the order of thermal stability of the adsorbed CO2 species is carboxylates ≈ monodentate carbonates > bridged carbonates > bidentate carbonates ≈ bicarbonates. TiO2 rods and disks adsorb CO2 more strongly than TiO2 truncated octahedra, which is explained by the larger number of low coordinated surface oxygen and oxygen vacancies on the rods and disks than the truncated octahedra. Further IR studies showed that the structure and binding strength of the adsorbed CO2 species are affected by the presence of SO2. Among the three TiO2 nanoshapes, CO2 binding strength for truncated octahedra shows the most decrease due to accumulation of sulfates formed during the SO2 adsorption cycle. The fundamental understanding obtained here on the effects of the surface structure, oxygen vacancies, and SO2 on the interaction of CO2 with TiO2 may provide insights for the design of more efficient and sulfur-resistant TiO2-based catalysts involved in CO2 capture and conversion.



TEM images of three 
TiO2 nanocrystal 

morphologies with 
facet terminations

Defects and Reducibility of TiO2 Rods, Disks, and 

Truncated Octahedra

CO TPR shows reducibility: TiO2 rods 
(496 °C) ≈ TiO2 disks (500 °C) ≪
truncated octahedral (615 °C)

More Ti3+ species 
accompany VO 

defects on TiO2 disks 
and rods than on 
truncated octahedra



IR and DFT to Elucidate Structure of Adsorbed CO2 on 

TiO2 Nanoparticle Surfaces

IR spectra during CO2 adsorption at 0.25 and 15 min indicate CO2 species

Proposed Structures of Adsorbed CO2 species

Species formed: 

e, d, c, b

Species formed: 

e, d, c, b

Species formed: 

e, a, b



Strength and Amount of Adsorbed CO2 on TiO2 Nanoparticles

• CO2 MS profiles during TPD show
TiO2 rods and disks adsorb CO2

more strongly than TiO2 truncated 
octahedral

• Attributed to higher basicity and 
presence of more VO defects in 
TiO2 rods and disks

• CO2 capture capacities of fresh and 
SO2 exposed TiO2 from TPD curves. 

• Low capacity of truncated octahedral 
attributed to low surface basicity 
and thus weak interaction with CO2



Structure and Binding Strength of Adsorbed CO2 is Affected 

by Presence of SO2

• CO2 binding strength for truncated 
octahedra shows the most decrease due 
to accumulation of sulfates formed 
during the SO2 adsorption cycle

• IR shows sulfates are retained after TPD 
on all TiO2 nanocrystal morphologies

• SO2 adsorbs in the form of isolated and 
polynuclear surface sulfates on TiO2 rods 
and disks and as isolated surface sulfates 
on truncated octahedra




