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The interaction of water with ZnO nanoparticles has been studied by means of diffuse reflectance

infrared spectroscopy (DRIFTS) and ultra-high vacuum FTIR spectroscopy (UHV-FTIRS).

Exposing clean ZnO powder to water at 323 K leads to both molecular and dissociative

adsorption of H2O forming a number of hydroxyl species. All the OH bands are clearly identified

by the adsorption of D2O showing the expected isotopic shifts. According to the vibrational and

thermal stability data obtained from single crystal surfaces, the OH species observed on ZnO

nanoparticles are identified as follows: (1) OH group (3620 cm�1) on the polar O–ZnO(000�1)

surface formed via dissociation of water on oxygen vacancy sites; (2) partial dissociation of water

on the mixed-terminated ZnO(10�10) surface yielding coexistent H2O (B3150 and 3687 cm�1) and

OH species (3672 cm�1), where the molecularly adsorbed H2O is further identified by the

characteristic scissoring mode at 1617 cm�1; (3) isolated OH species (3639 and 3656 cm�1) formed

on the mixed-terminated ZnO(10�10) surface; (4) interaction of water with defects forming

hydroxyl (or O–H� � �O) species (3564 and 3448 cm�1).

1. Introduction

Hydroxyl species on metal oxide surfaces have received con-

siderable attention in recent years, because their presence has

pronounced effects on the chemical activity and electronic

properties of oxide surfaces.1–6 Zinc oxide is an important

material with a wide range of applications in catalysis, solar

cells, as a gas sensor and in semiconductor devices. In catalysis,

OH groups adsorbed on ZnO play an important role in

methanol production from synthesis gas (CO, CO2 and H2)
7

and in the water gas shift reaction.8 In past years the interaction

of water and hydrogen with well-defined ZnO single crystal

surfaces has been extensively investigated using both experi-

mental and theoretical methods.3,6,9–27 In particular, high-

quality vibrational data have been obtained by high-resolution

electron energy loss spectroscopy (HREELS),15,23–25 which

allow direct identification and can distinguish OH groups

formed on different surfaces. In contrast to single crystal

surfaces, there is little information available about the precise

nature of hydroxyl species on ZnO powder particles.

In the past two different types of OH groups have been

proposed to result from the interaction of ZnO powders with

hydrogen at room temperature. Type I corresponds to a

reversible dissociative adsorption of hydrogen on both O

and Zn sites yielding strong IR bands at 3498 and 1708 cm�1,

which were assigned to the stretching vibrations of OH and

ZnH species, respectively.28–32 Type II is an irreversible

chemisorption of H2 leading to the formation of O–H� � �O

and Zn–H� � �Zn species, as characterized by weak IR bands at

about 3400 and 1475 cm�1.29,32 For water adsorption on ZnO,

most attention has been focused on single crystal surfaces

under ultra-high vacuum (UHV) conditions.17–26 Depending

on the crystallographic orientation and surface terminations,

water adsorption on ZnO can generate a variety of species,

ranging from physisorption (bi- and multilayers), molecular

chemisorption (monolayer) to dissociation yielding hydroxyl

groups. The corresponding vibrational data from HREELS

are summarized in section 3.1. On ZnO powder samples,

Sengupta et al.33 found dissociative adsorption of water based

on the ESR and conductivity measurements. To our know-

ledge, however, so far no comprehensive vibrational spectro-

scopic study of water adsorption on ZnO powders together

with a detailed assignment of the different vibrational bands

has been performed.

Here, we report on the interaction of water with ZnO

nanoparticles employing diffuse reflectance infrared Fourier

transform (DRIFT) spectroscopy and UHV-FTIR spectro-

scopy. Upon water adsorption at 323 K, both molecular and

dissociative adsorption occur yielding a large number of OH

bands. Based on the vibrational and thermal stability data for

the ZnO single crystal surfaces, nearly all the OH bands can be

assigned to hydroxyl groups bound to the different sites

present on the various exposed facets.

2. Experimental

The ZnO sample used in this study was ZnO nanoparticles

supplied by Nanophase Technologies (NanoTek), with a

specific surface area of 14 m2 g�1 after heating to 723 K.

DRIFT spectra were recorded using a FTIR spectrometer
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