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Figure 13 The rhombohedral primitive cell of the face-cen-

tered cubic crystal. The primitive translation vectors a,, a,, a,

connect the lattice point at the origin with lattice points at the
pL face centers. As drawn, the primitive vectors are:

a=tax +9) ; a; =3%a(y +32) ; az=1a(z+%) .

The angles between the axes are 60°. Here g, §, Z are the Carte-
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Consider the crystal structure below, which is called fluorite. Each side of this unit cell has the same
length, and all axes are orthogonal. There is no atom in the exact center of the unit cell.

(a) To which crystal system does this belong? Why? What is its Bravais lattice?

Bravais lattice is simple cubic (most obvious answer, with a more complex basis as shown
below).

(b) What is the simplest formula for a compound with this crystal structure (with no common
factor in the subscripts)? Indicate how you arrive at your answer.

Blue atoms: (8 corners)x1/8 + (6 faces)x1/2 = 4

Yellow atoms: (8 interior to cell)x1 =8

Therefore simplest formula is (Blue)4(Yellow)s = (Blue);(Yellow), with no common factors.
In fact, this is the fluorite structure, with typical compound CaF,.

(c) What is one possible atomic basis for this crystal? Indicate all atoms involved clearly, either on the
color image or with a separate sketch. A good way to figure these out is to notice how many atoms of
each type is in the unit cell, which we have done above. Then we must defined the coordinates of
that no. for each, or 4 blue atoms and 8 yellow atoms, which give us one choice of the basis for simple
cubic as follows, in two views:



+4 yellows in back like this one

Note that this choice makes (Gold = Blue),(Gray = Yellow); again, or with a 1:2 stoichometry.

(d) Show that the yellow atoms in fact are tetrahedrally bonded to the blue atoms, using one of them
as an example.

Can show in different ways, but could just note that the 5 atoms in the corner amount to
something like the diamond lattice, with the yellow atom in the center of a tetrahedron of
blue atoms:

And there's a general argument to make, in that any cube can be used to form a tetrahedron,
just by connecting lines along the diagonals of its faces. This is illustrated below for the cube
of a/2 on a side in the lower left corner of the above image:

Cube

Tetrahedron




(e)

Sketch the (110) plane for this crystal, and show where all blue and yellow atoms would be

located on it.

First
(110) plane
Second
(110) plane ‘
(f) There is also a set of (110) planes, denoted {110}. Sketch the (110) plane lying just in front of

the one in (e), and indicate the positions of the atoms on it. What is its perpendicular spacing with
respect to its nearest-neighbor planes?

(8)

So the next plane of this type looks just like the first one, but passes through the two corner
atoms on the front right side of the drawing just above. Because this is not a primitive unit
cell, each set of planes does not pass through all atoms in the crystal.

For the distance between planes, it’s easiest to use the formula from your book for distance
between planes, which is finally half of face diagonal:

_ n -1 _a/J2=12a/2= half of face diagonal

d
hke h2 k2 fz 1/2 1+1+0 1/
22T A

Finally, show that the direction [110] is perpendicular to the {110} planes.

No need to do fancy mathematics here. Just look in from the top of the drawing above:




fior

+he ) Lo
, ,Z[.g,luud (ﬂméi Ae pope)
He 7o e

-ﬂ'/’%'s /‘O"n'r we oppy

wh

o ' (?ifaﬁuh Hoaerem -
\-’/ Sde view: S luear ‘s‘V\ waacT ) LLOMA
Q\A‘s w 1S g)\
< rod itamee A
jﬁ%’é <asilf odfouned foo kg & s
! E;ito é: M?Oo:) /(f:'g-'/é::/&;
3 i 26 B
I 4 Z L
: +’Q=a~z = (..9:2' ct _ gt
G- 7 GGt~
“"@‘L = -?=él'-1::_"._/_2L 2 2 /oe
3 3 4 = C = %a - . 7 o l/'/



;

3\

6. The face-centered cubic is the most dense and the simple cubic is the least dense of the three
cubic Bravais lattices. The diamond structure is less dense than any of these. One measure of
this is that the coordination numbers are: fcc, 12; bec, 8; ¢, 6; diamond, 4. Another is the following:
Suppose identical solid spheres are distributed through space in such a way that their centers

lie on the points of each of these four structures, and spheres on neighboring points just touch,
without overlapping. (Such an arrangement of spheres is called a close-packing arrangement.)
Assuming that the spheres have unit density, show that the density of a set of clpsc—packed spheres
on each of the four structures (the “packing fraction”) is:

fee: J2n/6 = 0.74
bece: ﬁn/S = 0.68
sc: n/6 = 0.52

diamond: +/37/16 = 0.34.
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44 - Protlem §— Omar

Problem [8] - 9 in Omar. All symmetry operations mentioned here only act
on 2 of the 3 coordinates of the object, leaving the one along the
fourfold rotation axis unchanged. Then, one way to do this is to let the
"object" be a function in 2D, say f{x,y). Then, if we for convenience

- take the first mirror plane to be along the y axis, it implies that f{x,y)
=f(-x,y) for all x and y. Think about what the second rotation axis
means in this sense, and then show by the same line of reasoning that the
two together imply a clockwise rotation by 90 degrees as well.
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[10]

Ideal cation/anion ionic radii ratio from:
rna + Mg =a/2 =0.500a
Sory, =0.500a - r

2r, =\2a/2 =-.7071a

So
rq =-.7071a/2 = 0.3535a
and
rya = 0.5a—0.3535a = 0.1465a
Therefore, for the ideal NaCl structure
rna/fo = 0.414

For real NaCL, the nos. are:
rv./fo =1.16 A/1.67 A = 0.694, so larger, but not so large
that it ends in the CsCl structure, with ideal ratio of 0.732
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[11] (a)

Sketch to illustrate vectors and periodicity for tight-binding function
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[11] (b)
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And, due to the zero overlap of the atomic orbitals on different atoms,
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d) Note further that the only bands that cross near the
Fermi Energy are spin-up, so this is furthermore a
special type of material we call a half-metallic
ferromagnet; that is, it is only a metal in the magnetic
spin-up electrons, in spin-down it is an insulator. Such
materials are very interesting for use in magnetic logic
devices, like the magnetic tunnel junction, in which

changing magnetic order between two layers can
drastically alter the resistance in a trilayer structure.





