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a1

a2

a3

b1

b3

b2

a1

a2

a3

b1

b3

b2

note that b2 and b3 are switched in the table for both fcc and bcc  


3.2.6 CRYSTALLOGRAPHIC PLANES ( Miller indices as (hkl) )

The orientations of planes fora crystal structure are represented in a similar manner. Any two planes parallel to each other are
equivalent and have identical indices. The procedure used to determine the h, k, and I index numbers is as follows:

1. If the plane passes through the selected origin, either another parallel plane must be constructed within the unit cell by an
appropriate translation, or a new origin must be established at the corner of another unit cell.

z {001) Plane referenced to
4 " the origin at point O

> Other equivalent
T (001) planes

equation of a plane is hx+ky+lz=d. if a plane passes through origin,
then d=0, and hence hx+ky+lz=0, where (h,k,l) are Miller indices
that represent the vector normal to plane. The last equation can be
written as N.r = 0, with N=(h,k,l) and r=(x,y,z)

(110) Plane referenced to the
P origin at point O

if primitive
lattice vectors
(a,b,c) are

known, then
the equation of
=~y a plane takes
the form below

H‘s-.

Other e;:]ui\.ralent (x/(alh) +yl(b/k) +z/(c/l) = 1, with

(110} planes a/h, b/k,c/l being the intercepts with

(h) the three axes). for the (110) plane,
we get x/a + y/b =1 (or bx+ay=ab).
for a cube a=b=c , then x+y=a

- 2. The plane either intersects or parallels each of the three axes. The coordinate for the intersection of the pIane W|th each of
the axes is determined (referenced to the origin of the coordinate system). If a plane does not intersect an axis, we take the

~intersection at infinity. (DO)

~ 3.The reciprocals of these numbers are taken, and if necessary , these numbers are multiplied or divided by the smallest integer
to normalize them in terms of their respective a, b, and c lattice parameters

4. Finally, the integer indices, not separated by commas, are enclosed within parentheses, thus: (hkl).

An intercept on the negative side of the origin is indicated by a bar or minus sign positioned over the appropriate index.

Example 4

The two planes z=0 and z=c are
equivalent and have the same
Miller indices
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3.2.6

equation of a plane is hx+ky+lz=d. if a plane passes through origin, then d=0, and hence hx+ky+lz=0, where (h,k,l) are Miller indices that represent the vector normal to plane. The last equation can be written as N.r = 0, with N=(h,k,l) and r=(x,y,z)

c

a

b

z = -c

z = 0

z = +c

 (x/(a/h) +y/(b/k) +z/(c/l)  = 1, with a/h, b/k,c/l being the intercepts with the three axes). for the (110) plane, we get x/a + y/b = 1 (or bx+ay=ab).
for a cube a=b=c , then x+y=a

a

b

c

if primitive lattice vectors (a,b,c)  are known, then the equation of a plane takes the form below

The two planes z=0 and z=c are 
equivalent and have the same
Miller indices

x/a +y/b=1


A “family” of planes contains all planes that are crystallographically equivalentthat is, having the same atomic
packing; a family is designated by indices enclosed in braces. For example, in cubic crystals, the (n l)

1Y, ATy, (0T, (aTi DY, (TT), (L), — all be loua ko

bo\s ¢ i\\l} (,am. lgj

EXAMPLE

Determine the Miller indices for the plane shown in the accompanying sketch (a).

(b)

Because the plane passes through the selected origin O, a new origin must be chosen at the corner of an adjacent unit
cell. In choosing this new unit cell, we move one unit-cell distance parallel to the y-axis, as shown in sketch (b)
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the equation of the plane is
(x/(a/h) +y/(b/k) +z/(c/l) = 1 or
(h/a) x +(k/b) y +(l/c) z =1,

with (h,k,1)=(0,-1,2). Hence we get

sylb +2z/c =1

/ / /

X
w  -b &

106


the equation of the plane is 
(x/(a/h) +y/(b/k) +z/(c/l) = 1 or
 (h/a) x +(k/b) y +(l/c) z =1, 
with (h,k,l)=(0,-1,2). Hence we get

-y/b +2z/c =1
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Laue Method and Rotating Crystal Method map reflections in reciprocal space

Laue method

source: X-ray with X-rays

distribution of wavelengths >

|

(a) Laue experimential set up

X-rays from the X-ray tube is collimated into a fine beam by two slits S1 and S2. The beam is
now allowed to pass through a zinc sulphide (ZnS) crystal. The emergent rays are made to fall
on a photographic plate P. The diffraction patten so obtained consists of a central spot at O and
a series of spots arranged in a definite pattern about O as shown in figure. The central spot is
due to the direct beam, whereas the regularly arranged spots are due to the diffraction pattern
from the atoms of the various crystal planes. These spots are known as Laue spots.

(b) Laue spot

This method is used to identify crystal symmetry and not used in general to determine crystal structure

Powder method maps reflections in direct space

1ol Hgli
S—

wavelength is fixed
(monochromatic),
sample is rotating
(angle is changing)

Single crystal

Intensity (a.u)

CoFe,0, o Experimental data
- . Calculated data
Annealed = —— Difference
o | Bragg positions

260 (degree)

Polycrystalline

d-spacing and lattice constant are determined by Bragg's law

that will be discussed next

(2dsin@=nA\)


source: X-ray with 
distribution of wavelengths

wavelength is fixed 
(monochromatic), 
sample is rotating 
(angle is changing)  

d-spacing and lattice constant are determined by Bragg's law 
that will be discussed next
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Production of X-rays

X-rays are generated when matter is irradiated by a beam of high-energy charged particles such
as electrons. In the laboratory, a filament is heated to produce electrons which are then
accelerated in vacuum by a high electric voltage in the range 20-60 kV towards a metal target,
which being positive is called the anode. The process is extremely inefficient with 99% of the
energy of the beam being dissipated as heat in the target. A typical X-ray spectrum from a copper

target is shown below. In general, Ka is observed as a doublet peak (not shown in the figure)

in the XRD pattern and Kp is fileted out by a metal foil during the measurement.
The incident electron
collides with another
Primary X-ray K s X-ray electron in the K-

shell. The latter is
Photoelectron

High voltage power supply ejected as a
It photoelectron,
— resulting in a vacancy
X-ray tube in the K-shell. An
g I i
. electron from a higher
Thermal electron K, X-ray @ Koshel JElectron -Sr?]e” df|]|c:cs the vacancy.
I =8 Nisalsiss J e difference in
T 8 B y energy is released as
1] M-shell
il an x-ray photon.
. 7 pres Anode
Filament Cathode X-ray Target
heating (filament)
current
Wavelengths of typical X-ray anode materials
K
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In‘ ?ns”y I ;. : D 154 : nn radﬁ)g[lon Is p
Aveare intense,
pinks B8 (Sverags) monochromatic
The low energy 2291 22897 229361  2.08487 and is of the order
line K _Bis A=0.133 nm 1.93736 1.93604 193998  1.75661 of the lattice
usually filtered Ke spacing found in
in XRD experiment i 173026 [-Za37d ML 232850 0162073 crystalline solids
\ .’L = 1.54184  1.54056 154439 139222 . ditis usually
™ e 0.71073 0.7093 0.71359  0.63229 used in most XRD
— 056088  0.55942 0.5638] 0.49708  experiments
YWawelength
o XRD data
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2
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Figure 1: XRD data and Rictveld-refined fit of the as prepared d-spacing and lattice constant are determined by Bragg's law
ZnFe; 0, ferrite NPs. that will be discussed next
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Production of X-rays

d-spacing and lattice constant are determined by Bragg's law 
that will be discussed next

The low energy
line K_B is 
usually filtered
in XRD experiment 

Copper K-alpha radiation is intense, monochromatic and is of the order of the lattice spacing found in crystalline solids and it is usually used in most XRD experiments

The incident electron collides with another electron in the K-shell. The latter is ejected as a photoelectron, resulting in a vacancy in the K-shell. An electron from a higher shell fills the vacancy. The difference in energy is released as an x-ray photon.
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X-Ray Diffraction and Bragg's Law

Consider the two parallel planes of atoms which have the s

the interplanar spacing dpy as shown in figure. Now assu

phase) beam of x-rays of wavelength A is incident on the
_labeled 1 and 2, are scattered by atoms P and Q.
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Az?.o 9-9
EXAMPLE - - 7;

For BCC iron, compute (a) the interplanar spacing and (b) the diffraction angle for the (220) set of planes. The lattice
- parameter for Fe is 0.2866 nm. Assume that monochromatic radiation having a wavelength of 0.1790 nm is used, and

" the order of reflection is 1.
’ > 61 —- 0.2%64 W ol 0l3nm

»\f-‘ 2, ){: 2, L:D f_;/——l -
‘ Wik L \/2+2+D ‘

o olizo
¥ sinpn BA 200 (o170
' 2 dyzp (2)(ololn) o
£2.12

= 0.3V =) P+ S (0 b8h) =

= dellacom angle = 26= 124,26 °
 EXAMPLE | )

Figure 3.24 shows an x-ray diffraction pattern for lead taken using a diffractometer and monochromatic x-radiation
- having a wavelength of 0.1542 nm; each diffraction peak on the pattern has been indexed. Compute the interplanar
- spacing for each set of planes indexed; also, determine the lattice parameter of Pb for each of the peaks. For all

. peaks, assume the order of diffraction is 1. = o IS'HZ nwm FCC
o (111

(h,k,l) are either all odd or all even

intensity

(400) 331 420y (422)

Al Al A

20.0 3%3;6;}‘ 40.0 50,0 60.0 70.0 80.0 890.0 100.0

\/_ Diffraction angle 20
20= 212" S\\M.‘M’ C‘A(J‘W(JO“J ﬁ”y u’c
—> O)IM = “\.____....' Vex pm ] mld e L’(“C

C;“(i.lgl'/’l ”‘") - 0.2%55"“"‘ &*u/:?'“f) h‘{} a

3
@) sw (%) 5 L
PeakIndex 20 dw(nm} __a(nm)

d"“'l J \/’_'z—_m/ L 200 366 0.2455 0.4910
A< Ay} W+ RE+ 220 526 0.1740 0.4921
2 31 65 0.1486 0.4929

= Jm 124 12+l hy ' 1425 493
22 65.5 0.1425 0.4936

= (0- 285bwm)Vs = 0-UT50 U

111


(h,k,l) are either all odd or all even
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