Exercises for KJM5120 and KJM9120 
Chapter 4 
Impurities and dopants 
Note: These exercises are part of the web-based teaching of this course. It is suggested and recommended that you fill them in and submit them electronically back to the lecturer. They will be returned to you with comments for your benefit. Note: Submitting the exercises is not mandatory and is not part of the evaluation of you during the course. The exam at the end is the only evaluation of you in this course.

Foreign species

The text uses many names for foreign species, depending on their nature, role, and site. In the list below, think through and ensure that you know what each roughly means, and mark the TWO which are NOT foreign species (e. g. by boldfacing it):
Impurity

Dopant

Substituent

Acceptor

Donor

Substitutional foreign species

Interstitial foreign species

Solvent

Solute

Host
Solubility of foreign species
In almost all practical cases we can assume that the concentration of a foreign metal cation in an oxide is constant (invariable).  What two things would it take to make it variable?
pO2- and T-dependences
Assume that oxygen vacancies and electrons dominate in an oxygen deficient oxide MO2-y. We now acceptor-dope it with a dominating concentration of lower valent cation Ml3+ so that oxygen vacancies compensate the dopants and electrons become minority defects. We add 1 mol-% of acceptors, which is far below the solubility limit. 

What is – to a first approximation - the concentration of oxygen vacancies? 

What is the site fraction of oxygen vacancies? 

How does it vary with pO2? 

Does it vary with T?

Now we add more of the dopant, say 20 %, which is far above the solubility limit, so that some of the dopant oxide remains undissolved as a second phase. How does the concentration of dissolved dopants and charge compensating oxygen vacancies vary now?: 

Does it vary with pO2? 

Does it vary with T?

(Hint: All the above questions are not meant to be difficult or to require a lot of calculations….mostly just applying the cases of variable or constant solubility, and a little qualitative defect chemistry.)

Your own material of choice: 
As the final defect chemical exercise on you material of choice, you should now try to sketch a full Brouwer diagram for it in a doped state. I suggest you try this using paper, liner, pencil, and eraser, and scan and email me. Or just put a copy in my mailbox or via the internal mail. Here is the recipy I propose you use:

1. For your material sketch a large, spacy figure similar to Figs. 3-4 or 3-5, i.e., a figure that comprises understoichiometry, stoichiometry, and overstoichiometry. 
[image: image1.emf]
2. Place a line across it that denotes the level of an acceptor or donor dopant.
[image: image2.emf]
3. Replace everything under the line with the new defect concentration behaviours dominated by the dopant.

[image: image3.emf]
Note: Do this on separate sheets….you are not meant to use the figures here. It is sufficient to do it for either an acceptor or a donor. If you don’t have the time to find all the slopes, you may choose to sketch it just qualitatively…so that we identify which defects go where. If you find the whole thing too difficult, it might be useful to try to just reproduce or copy Figs. 4-5 or 4-6.

(For those who want challenges and to try it all: You may of course do both acceptor and donor. Furthermore: The exercise and diagrams above are done at constant T, pH2O, and acceptor or donor level. One may pick out any point in the Brouwer diagrams above, keep that component activity (usually pO2) constant, and then draw a new Brouwer diagram as a function of a second variable, e.g. dopant concentration or pH2O if your case involves protons. (Doing a T dependency is more difficult because it requires guessing signs and magnitudes of enthalpies.))  

Your name:





Fill in this part here
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