
 

 

http://researchspace.auckland.ac.nz
 

ResearchSpace@Auckland 
 

Copyright Statement 
 
The digital copy of this thesis is protected by the Copyright Act 1994 (New 
Zealand).  
 
This thesis may be consulted by you, provided you comply with the 
provisions of the Act and the following conditions of use: 
 

• Any use you make of these documents or images must be for 
research or private study purposes only, and you may not make 
them available to any other person. 

• Authors control the copyright of their thesis. You will recognise the 
author's right to be identified as the author of this thesis, and due 
acknowledgement will be made to the author where appropriate. 

• You will obtain the author's permission before publishing any 
material from their thesis. 

 
To request permissions please use the Feedback form on our webpage. 
http://researchspace.auckland.ac.nz/feedback
 

General copyright and disclaimer 
 
In addition to the above conditions, authors give their consent for the 
digital copy of their work to be used subject to the conditions specified on 
the Library Thesis Consent Form. 

http://researchspace.auckland.ac.nz/
http://researchspace.auckland.ac.nz/feedback






i 

Abstract 

This thesis deals with the nucleation, growth and 

defect structure of anodic oxide films formed on bismuth 

in aqueous electrolytes. 

The early stages in the formation of continuous anodic 

layers of bismuth oxide were studied using the technique of 

cyclic voltammetry. During this period, the oxide, Bi203, 

covered the surface by a process of simultaneous thickening 

and spreading of patches. The study of oxide nucleation 

classified the metal surface into two different areas with 

d2fferent kinetics of oxide nucleation. The ratio of the 

two areas varied according to the history and original 

preparation of the surface. Film nucleation was also 

studied by the galvanostatic step and potentiostatic step 

methods. The rate of spreading of the oxide patches over 

the surface was :shown to be controlled by the magnitude of 

the surface area still uncovered. 

Film thickening was studied using both galvanostatic 

and cyclic voltammetric techniques. The high field growth 

law i = exp (BE) where i is the current density and 

the field in the oxide layer, was found with parameters 

3i = (1 f 0.5) x low5 A cm-2 

13 = (2.0 A 0.5) x cm V-I 

. This value of B gives an activation distance for high-field 

ion transport, a* = 0.2 nm, comparable to the radius of a 

lattice site. These parameters were determined for very 



thin films in strongly alkaline electrolyte (pH 13; thick- 

ness <30 nm). At greater film thickness, cracking of the 

film gave a porous layer on top of a continuous barrier 

layer, and the apparent value of the parameter B increased 

to 1.7 x cm v-~. All previous work on the bismuth 

anodic film thickening process has been affected to some 

extent by cracking of the film. In this work, cracking of 

the film was confirmed by microscopic observation, including 

scanning electron microscopy. 

Dissolution of the film, giving breakdown of the oxide 

layer and pitting of the metal, was an important phenomenon. 

It became particularly significant for pK <8. The thickness 

attained by the anodic bismuth oxide layer was limited by 

this process to only 4 nm at pH 5 ,  increasing to over 200 nm 

at pH 13. 

The cathodic reduction of the oxide proceeded from 

the outer surface inwards, and a rough, porous metal surface 

resulted. A model involving electron injection from the 

metal into the oxide, diffusion of electrons through the film 

and their reaction at the outer surface has been proposed. 

Microscopic observation confirmed the porous nature of the 

electro-reduced surface. 

The transient conductivity of the bismuth znodic film 

has been investigated, and the effects of standing at open- 

circuit in the electrolyte or of heating in air studied, 

The galvanostatic method was used,. The observed effects 
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could be adequately explained as being due to the presence 

ofanon-stoichiometric, n-type (excess metal) layer at the 

f ilm-solution interface. 

Cyclic voltammetry was used to investigate the poss- 

ibility of nucleation of anodic bismuth 0x0-halides from 

solutions containing halide ions. Solutions containing 

fluoride, chloride, bromide or iodide at pH 4-9, phosphate . 

and phosphate with added methanol at pH 8.5 were used. 

Consideration of thermodynamic stability would indicate 

the formation of new phases, but results showed that, in 

the comparativeiy short time scale of the experiments, kinetic 

factors resulted in the formation of anodic Bi203, except 

when the solution contained iodide at low pH, when the oxo- 

iodide,BiOI,was probably formed. 

Room lighting had no effect on the cyclic voltammet- 

ric or galvanostatic measurements. The transient response 

of anodic films on bismuth to an intense flash of white 

light was studied. In the case of a thick anodic oxide 

film (240 nm), the results were interpreted in terms of 

photo-excitation of the film, producing electron-hole pairs 

which were separated by the applied field. The recombination 

process was best described as rate-limiting thermal excita- 

tion of trapped electrons. The lifetime of an electron in . 

the conduction band of anodic Bi203 was determined: 

Tc = 23 ms. 
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The photo-response of a very thin anodic oxide film 

(4 nm) involved internal photo-emission of electrons from 

the metal into the oxide. Formation of a positive space 

charge by the injection of extra cations from the metal into 

the film followed. The transient photo-potential (galvano- 

static experiments) or photo-current (potentiostatic 

experiments) showed the decay of both excess electronic 

and ionic space charges. The density of electron traps in 

the anodic oxide film was determined as NT > 3 x 16 18 cm-3 . 
When the anodic film was formed in a solution contain- 

ing bromide or iodide at pH 5, an inversion of the sign of 

the primary photo-effect from that observed in the absence 

of additives (4 nm thick film) was seen, and interpreted 

in terms of the photo-excitation of halide ions incorporated 

in the film. The lifetime of a conduction electron in 

anodic BiOI was determined as 1.5 f 0.2 ms, much less than 

in anodic Bi203 (23 ms) . 
In all the studies of the photo-effect, Gauss' theorem 

was used to relate the observed photo-potential (galvano- 

static experiments) to the photo-induced charge separation, 

An approximate value of the conduction electron mobility 

in anodic Bi203 wzs thcs obtained: y 5 x cm2 V-' s-l. 

Parameters for the evolution of hydrogen on the bare 

bismuth metal surface, were obtained: 



b = 0.11 V, iog10(io/~cm2) = -10.3 

and 

( a  (loglOio)/a (PHI = 0 where 
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