
Application Showcase

This application investigates the role of oxygen 

vacancies on TiO2, using a UHV-FTIR system integrated 

with other surface analysis techniques. By using the Bruker 

FT-IR spectrometer in ultrahigh vacuum environments, 

surface science and catalytic reactions on oxide powders 

have been explored. 

spectroscopy in vacuum is to avoid the absorption of 

experimental methods.

The number of defects on an oxide surface is crucial for 

its catalytic activity. To understand the role of the 

defects in particular is the precondition for 

investigating numerous catalytic reactions in detail. 

have been considered using scanning tunnelling 
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can only be applied to single crystalline oxides in a 

straightforward fashion, but not to powders or 

nanoparticles, which is the technologically most 

spectroscopy is not limited to the single crystalline 

phase only, but can also be applied to powders, 

nanoparticles etc. with high sensitivity.

single crystal reference system and the powder 

particles, in order to determine the density of O 

vacancies and to demonstrate the role of O vacancies for 

the surface chemistry of formaldehyde on TiO . For this 

purpose, CO was used as a probe molecule to identify the 

defect sites on rutile TiO .

This is an essential prerequisite for monitoring 

molecular species adsorbed on oxide surfaces, 

using combined measurement techniques, such as 

 single crystal and 

by simply sliding backwards and forwards along its 

supporting frame. The unique feature of this dedicated 

design is the entire evacuated optical path to avoid 

absorption of atmospheric moisture and other 

sensitivity and stability. 

Experimental
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since the optical properties of oxides result in a 

orders of magnitude relative to metals. A spectrometer 

of the spectrometer sample compartment together with 

adjusted to the detector can be driven in two positions 

.

 surface. The reduction was 

were recorded in transmission geometry. The 

achieved by deposing the powder to a small amount of 

. 

As supported by calculations and previous works, the 

exposed CO molecules will populate only the adsorption 

 surface with low 

 

 a second band at 

Results

 surface. The CO molecules 
.
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 appears which is assigned to CO bound to Ti 

basis of the intensity ratio of the two bands and consid

the concentration of O vacancies can be estimated to an 

 powder 

 related to CO bound to 

Ti cations distant to O vacancies or other defects was 

 related to CO 

 single crystal surface. Furthermore, the 

defect density on the powder particles can be calculated 

from a comparison of the relative band intensities and 

this established method for determining defects 

coupling of formaldehyde to ethylene catalysed by TiO , 

powder the intermediate of the catalysed surface 

correlates well with the above estimated density of 

 powder particles..
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frequently by customers, is to use the vacuum chambers 

the spectrometer and contains a kinematic base plate 

includes further transfer optics and detector mount. 

Both chambers are prepared for a vacuum tight adaption 

arranged outside the spectrometer sample 

combined techniques. Also, for this approach 

Further approaches of UHV-FTIR 
adaption

oxides in catalytic reactions. The ability to avoid 

applications in surface science. 

Conclusion
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