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Problem Set One Solutions

Problem 1

If we take the ratio of the cation radius to the anion we get:

Ra 0.6
— = —— =042
Rp 1.40 0429

Usingthe lecturehandoutsve canfind what coordinationis expectedor the radiusratio. For AB; compounds,
the coordinationwill be 6:3 for aradiusrationof 0.429. This works outin termsof chargebalance.Thereare6
O~2 around every Ti* and 3 Ti** around each ©2. The total charge is therefore balanced.

Problem 2
@

To find thelattice constanfor ZnSwe mustusetheinformationwe know (theradii) anda bit of geometryto find
thelattice constan{the lengthof the cell edge).We knowthatthe Zn*?2 are4-fold coordinatedvith the S~2 ions
andthusform atetrahedron.Sincethe anionandcationarein contactwe canfind the lengthof the edgeof the
tetrahedron as just:

P gnie +rg—2 = 0.60 4+ 1.84 = 2.444

Now this is where a little trig will come in handy.

ﬁ 109.5°

Half a face diagonal
One tetrahedron

Full zinc blende (ZnS)
structure

We canfind half of the facediagonal let’s call it z, usingthe informationwe know aboutthe ionic radii and
the angle of the tetrahedron.
109.8 5 o
2 TZn+2 + Tg-2 2%2.44

sin

Solvingfor z we getx = 3.985 or the whole facediagonalis 7.970A long. Thuswith alittle moretrig, we
can get the cell edge in terro$ the face diagonal.



Plugging this all in we get:
a=5.6354

(b)

To find the sizeof thelargestcationthatcanbe placedat anoctahedratite we needto figure outhow muchroom
thereis at oneof the octahedrakites(let’s pick oneof the the centersof the cell edges).The nearesbtherion to
the centeof a celledge is located &t cell face.If we takeinto account the sizef the aniomalready there (radius
of 1.844) then the available spads:

g —1.84 = 0.9775A

Problem 3
@

We canfind thevolumeof thespheresincethereis onespherepercell for simplecubicpacking(8 cornersphere
which each count a}).

3
‘/spheres = 57T

3

Now we justhaveto find thevolumeof thecell in termsof theradiusof thesphere Forasimplecubicpacking,
the spheres are touching alongedl edge.So,

2r=a
And the volume of the cell is:
Veen = a® = 8r®

And the fraction of available volume that is occupied by spheres:

'S

3 _ 0524
83




(b)
Forface-centeredubic,thereare4 sphereperunit cell (1 from thecornerand3 from thefaces).Thusthevolume

occupied by the spheres is:

3
‘/sphe’r'es =4 gﬂ"’"

However, unlike the simple cubic case,the spheresnow touch alongthe face diagonal. Thuswe havethe
following geometry:

a

Where ais the cell edge and is the length of the face diagonal.
a® + a? = z?
2a% = 22

x:\/ﬁa

But we also know that there aflesphere radii along the cell diagonal.

a
a
So,
V2a = 4r
4 2V/2
a=—F=r= * 7
V2
So the fraction of available volume is:
4 % %777"3 4 * %m“?’

= =0.74
a3 (2v2 % 1)3

(€)
For body-centeredubicthereare2 sphereperunit cell (1 from the cornersand1 from the body-centeregbosi-
tion).

3
‘/spheres = 2% gﬂ"l"



The spheres are now touching along the body diagonal which gives us this geometry:

V2a

where yis the body diagonal.
(12 + (\/5&)2 _ y2

3a% = y2
y=V3a
There are again 4 radii touchiradpng the body diagonal so:

V3a = 4r

And the fraction of available volume is:

2 % %7('7‘3 2 % %m"3
3 =7 3 = 0.680
a (ﬁr)

Theseresultsmakesensesinceface-centereds a close-packedtructure,meaningit shouldhavethe largest
fraction of cell volumeoccupiedby spheresThenbody-centereghouldhaveslightly lessoccupiedvolumeand
simple cubic should have the least.

Fraction available volume
occupied by spheres
simple cubic 0.524
body-centered 0.680
face-centered 0.740




