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Photobleaching
For methylene blue photobleaching a 370 nm diode excitation source and an Ocean optics UV-NIR spectrometer connected to a cuvette by fiber optics were employed. The single crystals 

were placed at the back of a cuvette and illuminated. 

Abstract
Zinc oxide (ZnO) is a well-studied wide band gap semiconductor photocatalyst. The 

reactive properties of ZnO nanomaterials with different ratios of exposed crystal 

planes are however less understood. In this work three different ZnO single crystals 

exposing different crystal planes were studied: (0001), (1-100), and (11-20). The 

ZnO samples were characterized with polarized Raman spectroscopy and XRD, 

and their photocatalytic activities were quantified by means of methylene blue 

bleaching using in situ spectrophotometry. The (11-20) surface showed the highest 

activity of the three surfaces but the difference is small, within 5% relative reaction 

rate. The results are discussed in terms of crystal facet dependent reactivity due to 

differences in surface structure and surface potential. The findings may be of 

importance to guide synthesis of more efficient, tailor-made ZnO photocatalysts for 

water cleaning
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Samples
ZnO single crystals (MTI corporation) 

were used to study the properties of 

the different surfaces.

The unit cell of the wurtzite structure ZnO 

expanded into a crystal to visualize the 

studied crystal planes.  

Microscope 

image montage 

of 5 x 5mm 

single crystal.

XRD

Polarized Raman Spectroscopy
Polarized Raman spectroscopy were performed on a Renishaw Invia reflex Micro Raman spectrometer with 532 nm 

excitation laser and spectral resolution of 1.7 cm-1. The polarization of the laser was fixed and the polarization analyzer was 

set to match this direction. The single crystal samples were rotated in 5 degree steps from zero to 180 degrees rotation.

The polar (0001) surface showed no polarization dependence of the lattice modes, whereas the non-polar (1-100) and 

(11-20) surfaces  showed a polarization dependence for all five major lattice modes. The initial orientation (0º) of the (0001), (1-100) 

and (11-20) surfaces correspond to the polarization being parallel to the <11-20> axis, <0001>axis and <0001>axis, respectively.

Raman can discriminate whether micron-sized domains have polar or non-polar surfaces but cannot distinguish between non-polar 

surfaces.

Photobleaching of methylene blue on ZnO(0001), ZnO(1-100), and 

ZnO(11-20). Trend lines show the degradation rate of the initial stage. 

XRD diffractograms showing the peaks for the different surfaces.

Good method for identification, but not spatially resolved.

The crystal facet showing the highest catalytic efficiency is 

the non-polar (11-20) followed by the non polar (1-100) and 

the polar (0001). The difference between the facets is 

however small.  The relative rate constants for the given 

system at t=0, initial rate, assuming pseudo-1st order 

kinetics were: K(11-20) /K(1-100)= K(11-20) /K(0001)=1.05, calculated 

from the degradation of the main methylen blue absorbance 

peak at 664 nm. 

With the single crystal approach, we have excluded 

contributions from edge atoms and corner atoms, which are 

known good catalytic sites, as well as the uncertainties of 

surface area in nanosystems, and studied the effect from 

the crystal facets only. We conclude that there is no 

significant facet dependence on the catalytic activity.
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