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Conclusions
Adsorption of formic acid on the rutile TiO2

 

surface has been investigated by RAIRS and DFT+U calculations. DFT+U 
calculations and experiments show two different bonding geometries of formate on the r-TiO2

 

surface (A and D). 
Photodecomposition is slow, but is slightly faster on sp-TiO2

 

than on r-TiO2

 

. 

Formic acid adsorption on TiO2

Formic acid dissociates upon adsorption: HCOOH →
HCOOad + Had. Binding energies for different formate 
(HCOO) bonding configurations (Fig. 1 and Table 1) on a 
reduced (r-TiO2) surface was determined by DFT+U 
calculations and RAIRS (Reflection-Absorption Infra-Red 
Spectroscopy). Detailed analysis reveal that the A 
configuration dominates the spectra with small 
contribution of D species (Fig. 1 and Table 1).1 RAIRS 
measurements on a sputtered surface (sp-TiO2) show that 
IR bands appear, which are similar to those that are seen 
for formic acid adsorbed on rutile nanoparticles (Fig. 1).2

Configuration A B C D

Binding energy (eV) -1.84 -1.85 -1.87 -1.31

Table 1. Calculated formate binding energies depicted in 
Fig. 1.

Fig 1. Possible bonding geometries of formate on rutile TiO2 (110).

Photodecomposition of formate
UV-illumination (365 nm, 31 mW/cm2) show a small decrease in the formate concentration on both samples. For sp-
TiO2 the relative decrease is slightly larger, as measured by the integrated absorbance (Fig. 2). We attribute this to the 
existence of defective active sites on sp-TiO2, which either promotes OH radical formation (from residual water that 
exist even under UHV conditions), or special coordination of HCOO to those sites.

Fig 2. RAIRS spectra of formate adsorbed on reduced and 
sputtred TiO2(110) and diffuse reflectance IR spectrum of 
formate adsorbed on rutile nanoparticles. P-polarized light 
incident in the (001) direction was employed in the RAIRS 
experiment.

Fig 3. RAIRS spectra before and after 100 minutes of UV illumination for reduced (r-TiO2) and sputtered (sp-TiO2) TiO2 surface. The 
relative decrease of the integrated absorbance for each peak is indicated.
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