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DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
California. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 
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SHORT ABSTRACT 

Anodic surface films formed on copper in 1M KOH _were studied using 
Raman Spectroscopy. During a potential sweep, Cu2 0 was observed to form 
at the potentials of the first current wave, and Cu(OH)2 near the second 
wave. Evidence for the formation of a trivalent solid near the potential of 
oxygen evolution has been obtained. The mechanism of reduction of these 
species to copper metal is complex, and is affected by illumination. 
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INTRODUCTION 
Much of our understanding of electrochemically formed anodic films has 

been derived from electrochemical measurements. Additional information on 
the physical nature of the film can be presented by in-situ techniques. In 
recent years, the identification of surface species and the study of photo
induced transformations has been performed by Raman spectroscopy. In the 
present study, laser Raman spectroscopy, in conjunction with electrochemical 
measurement, was used to explore the physical and chemical nature of anodic 
films on copper in 1M KOH. 

( 

Two major anodic peaks prior to oxygen evolution are obtained in the 
cyclic voltammetry of copper in alkaline solutions The first peak, at around 
-350 ~V vs. Hg/HgO, appears with a peak current density of about 50 
JJA/ em . This peak has been associated with a monovalent oxidation process. 
The second anodic peak (0 mV vs. Hg/HgO) is at least an order of magnitude 
larger than the first and is associated with divalent oxidation processes [1,2]. 
The voltammetric wave of this peak exhibits a complex dependence on sweep 
rate. Thermodynamic calculations show that the divalent oxide CuO is ther
modynamically more stable than the hydroxide Cu(OH)2 [3]. It has been sug
gested that at least these two species and a dissolved divalent compound form 
at potentials near the second anodic peak. 

RESULTS 
Figures 1-3 show the change in Raman scattering during a potential 

sweep experiment with an initial potential of -700 mV vs. Hg/HgO, an anodic 
peak potential of +700 mV, and a cathodic peak potential of -1000 mV. 
Standard Raman spectra of Cu20, CuO, and Cu(OH)2 have been presented 
before [4]. Near the first anodic peak potential a Raman band associated with 
the formation of Cu20 is clearly observed around 633 cm-1. This finding 
should be compared to the previous results at pH 13, where the Cu 0 peak 
was not observed until 300 mV anodic of the first oxidation peak [4]. Pigure 1 
also shows that at a potential of around -100 mV vs. Hg/HgO, Cu(OH)2 is 
identified by a band at 488 cm-1. This observation coincides with the begin
ning of the second anodic voltammetry peak. As the potential is increased 
further, the Cu20 band intensity slowly diminishes and the Cu(OH)2 band 
increases slightly. Figure 2 compares the Raman spectra taken at 450 and 650 
m V. At the latter potential, oxygen evolution begins and a broad .p-aman 
band centered around 550 cm-l is observed together with the 488 em- band. 
The Cu?O band is not seen. Figure 3 shows the Raman spectra collected for 
the catli'odic scan in this experiments. The broad band at 550 em -l com
pletely disappears at a potential of 450 m V, accompanied by a decrease in the 
size of the Cu(OH)2 band and the reappearance of a weak 633 em -l Cu 0 
band. Further decreases in potential result in an increase in both the &e 
Cu(OH)2 and Cu20 band intensities. The Cu20 band disappears at a 
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potential of -700 mV which follows the disappearance of the 488 cm-1 

Cu(OH)2 band at -450 mV. 

The broad band observed at 550 cm-1 and found at potentials far above 
that of the divalent copper oxidation, has previously been interpreted as being 
due to either the presence of Cu(OH)2 or a polymeric form of the hydroxide 
[4], Our results clearly show tpat at potentials near the second anodic voltam
metric peak a sharp 488 em- Cu(OH)2 band is observed. Miller's ring/disk 
experiments demonstrated the existence of a trivalent soluble species in this 
potential range [1]. We believe that the appe·arance of the broad 550 cm-1 

band may be due to the formation of a trivalent copper surface species, possi
bly Cu2o3. The reappearance and later disappearance of Cu20 (and to a 
lesser degree, Cu( OH)2), during the cathodic sweep does not coincide with the 
potentials of the observed cathodic currents. The contrast of this and other 
Raman data with voltammetry results appears to be connected with a pho
toelectrochemical process. The Cu2o underlayer acts as a p-type semiconduc
tor Schottky-barrier, whose resistance decreases under illumination. A series 
of potential sweep and step experiments will be presented to support this con
clusion. 
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FIGURES 

Figure 1. Laser Raman spectra observed during a 1 m V /sec anodic potential 
sweep of Cu in 1M KOH at various potentials (vs Hg/HgO). Spectra are offset to 
allow readability. Detector exposure time: 100 sec/scan. (XBL 891-346) 

Figure 2. Laser Raman spectra observed during a 1 m V /sec anodic potential 
sweep of Cu in 1M KOH at potentials near that of oxygen evolution. Detector 
exposure time: 100 sec/scan. (XBL 891-347) 

Figure 3. Laser Raman spectra observed during a 1 m V /sec cathodic potential 
sweep ofCu in 1M KOH at various potentials (vs Hg/HgO). Spectra are offset to 
allow readability. Detector exposure time: 100 sec/scan. (XBL 891-348) 
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