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Figure 17 Comparison of x-ray reflections from KCl (220)

and KBr powders. In KCI the numbers of electrons
of K* and CI™ ions are equal. The scattering ampli-
tudes fIK*) and f(Cl7) are almost exactly equal, so
that the crystal looks to x-rays as if it were a
monatomic simple cubic lattice of lattice constant
a/2. Only even integers occur in the reflection indices
when these are based on a cubic lattice of lattice con-
stant a. In KBr the form factor of Br™ is quite differ-
ent to that of K*, and all reflections of the fcc 80° T0° 60° 50° 40° 30° 20°
lattice are present. (Courtesy of R. van Nordstrand.) ~—26

(111)

after integration over d(cos a) between —1 and 1. Thus the form factor is
given by

(50)

1f the same total electron density were concentrated at r = 0, only Gr =0
would contribute to the integrand. In this limit (sin Gr)/Gr = 1, and

fi=4m [dr nj(f)fz =7, (51)

the number of atomic electrons. Therefore f is the ratio of the radiation ampli-
tude scattered by the actual electron distribution in an atom to that scattered
by one electron localized at a point. In the forward direction G = 0, and f
reduces again to the value Z.

The overall electron distribution in a solid as seen in x-ray diffraction is
fairly close to that of the appropriate free atoms. This statement does not
mean that the outermost or valence electrons are not redistributed somewhat
in forming the solid; it means only that the x-ray reflection intensities are :
represented well by the free atom values of the form factors and are not very
sensitive to small redistributions of the electrons.
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Figure 13 First Brillouin zone of the body-

Fig,.lre 1.2 Primitive basis vectors of the body-centered centered cubic lattice. The figure is a regular
cubic lattice. rhombic dodecahedron.
38

Figure 15 Brillouin zones of
the face-centered cubic lattice.
The cells are in reciprocal space,
and the reciprocal lattice is body
centered.




SECTION B

7. State the assumptions that lic behind Bragg’s law, 2d sin = \ that relates the angle of
incidence, , of an X-ray beam of wavelength A onto planes of a crystal spaced distance
d apart which gives rise to a strong diffraction peak. We will now consider the reciprocal
space view of Bragg’s law. [21

Draw a detailed diagram showing the positions of the atoms in a crystal of Nickel which
is known to have the face-centred cubic (fcc) structure with lattice parameter, a,. Label
the axes along the edges of the conventional cubic unit cell and list the coordinates of all
the atoms within the cell. Explain the how the structure is decomposed into a lattice and
a basis, following the cubic convention. [5]

What is the reciprocal lattice of this cubic lattice? Draw a sketch of the reciprocal lattice
and label the points according to their Miller indices. Which lattice points correspond to
allowed reflections and which are disallowed by the fcc structure? What is the length of
the general (hkl) reciprocal lattice vector. Show, with the aid of a sketch, which lattice
planes in the crystal correspond to the (111) reciprocal lattice point. [9]

Draw a vector diagram showing how to construct the directions of the incident and exit
X-ray beams that correspond to diffraction from the (hkl) reciprocal lattice point. Hence
derive an expression for the length of the reciprocal lattice vector and the angle between
these two beams, which we will call . In an experiment using X-rays of wavevector
J: = 40.8 nm ™!, a powdered Nickel sample is found to produce it’s first three diffraction
peaks at angles, v = 45.4°,52.8° and 78.0°. What are the corresponding lengths of the
reciprocal lattice vectors? Demonstrate that these are consistent with an fcc structure
and deduce the lattice constant, ag. [8]

8. Justify the use of the Lennard-Jones (LJ) potential function to model the interaction
potential between two atoms of inert gas separated by a distance, R,

o= [(3)"- (3]

What is the meaning assigned to the parameters o and €7 [6]

All the inert gases (except Helium) crystallise in the face-centred cubic (fcc) struc-
ture. Write down an expression for the cohesive energy of an inert gas solid using
the LJ potential. At low temperatures, you can consider this to be purely potential en-
erey. You may use the numerical evaluations of the lattice sums, I’y = 14.45392 and
P, = 12.13188, which are defined as P, = Ejp;“, where p; is the distance of the j’th
site from the origin of the fcc lattice in units of the nearest-neighbour distance, summed
over the entire lattice. [10]
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