THz  1kHz
1.0 10%

1 MHz

Let's start with a simple
cubic structure...

a=2R~2(0.lnm)=0.2nm ~ A

Electromagnetic Spectrum
Frequency (Hz)
10° 102 10% 10" 102 10%

L1 1

Long Radio Waves

I L

L In}rarecli IUltlraviollet

FM, TV — -
Microwaves Visible Light Gamma Rays
AM _short Radio Waves —xRays

I I I S ) Iy S B |

10° 10°

1.0 10°? 10 10° 10?7 10"

1 km Tm Tum 1nm

Wavelength, . (m)

X-rays!!

When do we get constructive
interference?

reflections must
» o ase
G be in phase for

a detectable signal

extra

distance 6 l;gapted from Fig. 3.19, Callister
travelled

by wave “2” 6 @*—= spacing

d  between

. planes
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AL = nA = 2dSin(0) Bragg’s law

Adapted from Fig. 3.19, Callister
7e.

We will plot 20 vs.
intensity

CUBIC
a=b=c
a=p=y=90°

TETRAGONAL
a=bzc
S by

azb=#c

c ! ! ORTHORHOMBIC P
_L o=p=y=90°

HEXAGONAL
a"l a=bzc
o=p=90°
y=120°

MONOCLINIC
azbzc
o=y=90°
p=+120°

TRICLINIC
P

4 Tyses of Unit Cell
= Primitive
I = Body-Centred
F = Face-Centred
C=Side-Centred

+
7 Crystal Classes

b
a=lc —> 14 Bravais Lattices

o#pry+90°




Unit cell: A

->y
'/

a, b, and c are the lattice constants

/

xr’/ b

Fig. 3.4, Callister 7e.

Diamond: FCC structure with two atom base (0,0,0), (1/4, 1/4, 1/4)

1/4 of lattice constant !!

O O

Face centered atoms

Atom bonded to 4 others

Other atoms bonded to
chainincube

Atoms bonded outside of
cube

OO0O®@ O
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What is the crystal structure / base of NaCl?

FCC with 2 atom base: (0,0,0), (1/2, 1/2, 1/2)




What is the crystal structure / base of ZnSe?

Like diamond: FCC structure with two atom base (0,0,0), (1/4, 1/4,1/4)

2/25/11



Simple
cubic with
different
atom in
center

—
put different atom in
center (like NaCl)

change angle in unit cell

Simple
Cubic with
larger d
spacing

Hexagonal
cell

Intensity

S

(211)

(200) (220)
J\ IJ l A }LI

Example: X-ray diffraction of Tungsten

0.0 20.0

40.0 60.0 80.0

Diffraction angle 2¢

100.0
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4. Miller Indices (110)

Crystallographic Planes

example a b ¢ c
1. Intercepts 1 1 0
2. Reciprocals 1/1 1/1 1/w
1 1 0
3. Reduction 1 1 0
a b

What are the Miller indices?

Z

,1/2

2/25/11
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example a b c
1. Intercepts 1/2 o o c
2. Reciprocals 2 1jo0 1/
2 0 0
3. Reduction 2 0 0 y
4. Miller Indices  (200) a b

What are the Miller indeces?

1/2 y
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Crystallographic Planes

example a b ¢ c
1. Intercepts 1/2 1 3/4 |
2. Reciprocals
2 1 4/3 y
3. Reduction 6 3 4 a b

4. Miller Indices (634)

What is the interplanar
spacing d for {100}?

/.




What is the interplanar spacing d?

I
K {hkI} = {100}
I
I
I

d=a

What is the interplanar spacing
d for {111}?

AR RN {hkl} = {111} d =a/V(3)

2/25/11
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Simple cubic:

(100)

110

\ (111)

|

(200)

|
a'(M'/m‘.w‘mqu 'qu.lm’m-)vh.ﬂ.*‘l\*ﬂ"ﬂ"-‘ -.M»w,.'\-n\m.\.'j .

20 30 40 50 60 70
Diffraction angle 26
Why is (100) peak missing?
H
(110)
% 211)
=
s
S
g
— ’ (200) |
Wt bpiryirsd sy Jotnity AP e A uqn"‘uw‘*ﬂ‘J ‘-.Mw‘n Frotmimr bl A St sty m'-1n-'a'-"|‘A\'m'| rdvsten byttt diopnd|
20 30 40 50 60 70 80 S0 100
Diffraction angle 26
Ficure 3.20  Diffraction pattern for polycrystalline a-iron.
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If d Sin(0) =nA
thend/2 Sin(6) =nA / 2

Destructive interference!!!

All of the odd-number
diffractions (h+k+l = odd)
are gone.

d/2 Sin(6)
d Sin(6)

PHYS 225 Applications of Modern Physics: from the atom to the diode

Bragg diffraction for cubic structures

AL =nA = 2dSin(0) Bragg'’s law

dyg = a/V(h? + k2 +12)

Type Rules

Simple cubic  all (hkl)

BCC h+k+1=even

FCC h, k, 1 all odd or all even

2/25/11
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Example: X-ray diffraction of Tungsten

A =0.1542nm, BCC tungsten, R=0.137nm

Index each of the peaks

Intensity

~i{ AIAIA h_k

0.0 20.0 40.0 60.0 80.0 100.0

Diffraction angle 2¢

BCC: h+k+] even, a = 4R/V(3)

Example: X-ray diffraction of Tungsten

[0 C
i (@)
e b
4"2 (110)
& (211)
= (200) } (220)
| A UL | f\ }L |
0.0 20.0 40.0 60.0 80.0 100.0

Diffraction angle 2¢

BCC: h+k+] even, a = 4R/V(3)
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