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This thesis focuses on the electronic and photocatalytic properties of
tellurium-containing pyrochlore oxides, including (Rb and K)-doped CsAly33Te1670s,
Mn-doped CsTe,Og, and (Ag, Cu, and Sn)-doped KNbTeOs.

Cs1xAxAly33Te1 6706 (A= Rband K x = 0-1) were successfully synthesized by
solid-state reactions. Although replacing Cs with Rb and K results in smaller cell
parameters, electrical resistivity decreased. Detailed investigations have led to more
understanding of the band structure. X-ray photoelectron spectroscopy (XPS)
confirms that all samples contain Te**/Te®* mixed valency which is the origin of their
n-type conduction. The conductivities were determined by the energy difference
between the defect levels originated from Te** and the bottom of the conduction band.
The differences in electronic conductivity are affected by Rb and K content in the
structure as they seem to increase the band gap energy and valence band minimum.

CsMn,Te,xOg defect pyrochlore structure were successfully synthesized by
solid-state method with x=0.05-0.43. Interestingly, there are two substitution schemes
depending on the x values. The switch between the two schemes results in a sudden

change in the cell parameter trend and the activation energy of conduction. Based on
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the results from the experiments and the density functional theory calculation, Te 5s
states overlap with Mn 3d-O 2p states and become part of the valence band in
compounds with x<0.33.In addition, it was found that the unit cell parameters
correlate with the energy difference between Te 5s states and conduction band
minimum. On the other hand, the disappearance of Te*" and lifting of conduction
band minimum in the samples with x>0.33 cause the switching of activation energy.
Although valence band maximum of samples with x > 0.33 is raised because of the
oxygen vacancies, the conductivities are not improved. As a result, the CsMnyTe;xOg
compounds are considered intrinsic semiconductors.

Ag', Cu?*, and Sn®" are substituted in K site of KNbTeOg compounds to
modify the band gap energy by facile ion exchange method. The KNbTeOg parent
compound has been successfully prepared by solid state method. The reduction of
band gap energy from 3.38 eV in KNbTeOg to 2.76 (Ag-doped), 3.21 (Cu-doped), and
2.51 eV (Sn-doped) are attributed to the shift of valence band maximum caused by the
additional contribution of Ag 4d, Cu 3d, and Sn 5s states in doped samples. As a
result, the Cu®*, Ag’, and Sn2+-d0ped KNbTeOg exhibited higher photocatalytic
activity than pure KNbTeOs respectively. Because the catalysts have the narrower
band gap energy and the stronger light absorption in visible region, they can generate

more photoexcited electron—hole pairs and produces higher active species.
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