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Problem Set Two Solutions
Structure Graded Problems

Problem 1

(a)
Fromlooking atthe structureasawholeit is difficult to determindf Edgel andEdge2 areequalin length.Let'’s
calculatethelengthof thetwo edgesememberinghattheanions(largercirclesin theabovefigure)arein contact

with the cation (small circle).
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We now see that Edge 1 is actually longer than Edge 2.



(b)

Thecritical anion-aniorseparatioris theedgewheretheanionswould contacffirst. Thus,sinceEdge2 is shorter,
it is the critical anion-anioseparation.

(©)

The permittedradiusratio canbefoundby finding the valueof g—g for which thetwo anionsjusttouch.Usingthe
figure above for Edge 2 we can sibat this will happen when:
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If we assume an AB compound, then the range of permitted radius ratios would be-8.414  2.41

(d)

If we look at the notes from thfirst lecture we see that for the same radiatso we can have ld coordination.
Thereforefor ionswith sizeswithin thatrangewe canhave5 or 6-fold coordination.Sincehighercoordinationis
preferred, it is rare to see thiind of coordination.

Problem 2

A schematic of the structure might look something like this:
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From this we get that the coordination of the*#iand Ba'? are:
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CNrpj+a =6

CNpgsz = 12



(b)

Using the coordination information from part (a) we can find the bond strengths, S, for Ti and Ba:
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Now looking at the structure waee that each ¢ is surrounded by 4 B&? and 2 T,
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Which is indeed the charge on the oxygen ion.

(©)

Usingtheionic radii from Shannon-Prewittve needto seeif all theionscantouchgiventhegeometry.lts helpful
to selecta portion of the structurethatincludesbothradii. The figure below showsonesuchtrianglethatwill be
useful in making this determination:
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We canselectoneof thesidesof thisisoscelegriangleandthenusingtheknownionic radii calculatethe other
side.We know:

Rrpi+a + Ro—2 = 0.65 + 1.40 = 2.054
Using the triangle above we céind a calculated value for the sidegR:2> + Ro--=:
V/2.052 +2.052 = 2.94
If the Ba and O ions were indeed touching, that length should be:

Rpg+2 + Rp-2 = 1.60 + 1.40 = 3.0
Therefore all the ions cannot liecontact in this structure.

(d)

Again using the triangle in thebove figure we see that all the ions will be in contact when:
(RTZ-+4 + Ro—z)\/§ = Rpq+2 + Rp-2
Rpa+2 — V2Rpj+a = Rp—2(vV/2 —1) = 0.580



