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1-) The common crystal structure view of copper oxide (CuOs) in two-dimensional (2D) plane is shown 15p
in figure. The distance between copper atoms (filled circles) is “a”.

a) Sketch the Bravais lattice in 2D.

b) Indicate a possible sét of primitive vectors in this plane. How many atoms are there in the -
primitive unit cell?
¢) What is the conventional unit cell and basis for this crystal? QULO
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20p

2-) Answer these questions briefly: (each of 4 points)

a) How can you determine the structure of crystals?
* 'b) Why do covalent crystals typically have a much lower packing density than metaHi,g‘crystaIs?

c¢) Explain the difference between cohesive energy’ and’lattice energy. © 7 4y

d) What typically happens when a crystal is exposed to a small stress?

e) What kind of elements are likely to form crystals through ionic bondlng'? o
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3-) 6 . 20p
a) Whatis the meaning and importance of reciprocal lattice for a crystal? ~” e @
b) A Bravais lattice is specified by the primitive lattice vectors as given below: N \
. . . . a _ 3 _ . ) j
a;=a.Xx ; a=z-.X+—.y ; az>=~c.2
2 ' 2 P J(-
Where %, 7, Z are unit vectors along x, y and z axes, respectively. a is the lattice constant.
6 b.1.) Make a sketch of the lattice in only x-y plane (2D). Indicate the nearest neighbours for a
lattice points. , : :
T ) b.2.) Draw the Weigner-Seitz primitive cell for the lattice’in the x-y plane. _@1 :

L o , 3.4 :
. 5
Ve=3,.(3; X 33) - 1 - @':bo (_L)'{'W%OAJ

- - oixz §
bi = 2. (al+1v>;al+z)

b.3.) Find the primitive reciprocal lattice vector b;.
% b3) Find the p procal 1 toa®=

G=hb,+ k.by+ L.bs
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4-) Answer the following questions on X-ray diffraction (XRD):

a) The Bragg condition is given as 2d.sin @ = n.A. What is the limit and relationship between d
and A for an instructive diffraction? Why?

b) "Why do we use X-ray to determine crystal structure?

c) What is “structure factor (S)” of a crystal? What kind of parameters do we need to calculate
the structure factor? :
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5-) The typical potential energy (@(x)) versus interatomic distances (a) graph for two atoms is shown 20p
in figure. According to figure and the lecture:

a) Why is the interatomic potential graph is assymmetric?
b) What kind of physical properties do the curvature and the depth of this graph indicate? Explain
each of it.

¢) The interatomic force constant and other information about the crystal can be calculated from
Taylor series as given below:

b(x) = pla) + %‘j’—’(x i+ £ gp 4 L

(x —a)’ + ...

Explain the meaning of the second and the third terms of this formula. Find the spring constant
of K from the series.

d) Show the relationship bétween spring constant (K) and Young modulus (Y) for a material.
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6-) The dispersion relation for the one dimensional chain (one atom per unit cell) can be given as: - 10p

w(k) = 2.‘/§.sin (_’%‘Z)

Where K is the spring constant and k is the wave number.

0 AL R R AL AR
-

a) Sketch the frequency (w) graph in terms of wave number k.
{ b) Why do we need these periodic sinus function for decribing dispersion of w?
‘ c) If each unit cell contains two atoms, what kind of additional properties will be

observed?
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