
Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.1

Incident

beam

Ewald’s

sphere

Detector

Diffraction

cone

4θ

Debye

ring

k0



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.2

Incident

beam

111

002

113222

004

133

024

022

Ewald’s

sphere

2θ

k0



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.3

Bragg angle, 2  (deg.)

20 40 60 80 100 120 140 160

R
e
la

tiv
e
 in

te
n
s
ity

Cu K 1/K 2 radiation

1
1
1

0
0

2

0
2

2

1
1

3
2

2
2

0
0

4 1
3

3

0
2

4



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.4

tan2

In
te

n
si

ty



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.5

1
0

0

1
1

0

2
2

0

1
1
1

2
0

0

2
1

0

2
1
1

3
0

0

5 10 15 20 25 30

0

500

1000

1500

2000

2500

3000

LaB6, Mo K , CCD detector

Bragg angle, 2θ (deg.)

R
el

at
iv

e 
in

te
n

si
ty

, 
Y

(a
rb

. 
u

n
it

s)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.6

Hexamethylenetetramine, Cu K

20 30 40 50 60 70 80 90

0

100

200

20 30 40 50 60 70 80 90

Bragg angle, 2 (deg.)

20 30 40 50 60 70 80 90

0

200

400

Y
(1

0
3

co
u

n
ts

)
lo

g
 (

Y
)

Y
1

/2

103

104

105

Bragg angle, 2 (deg.)

Bragg angle, 2 (deg.)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.7

LaB6, Cu K

2  (deg.)
20 40 60 80 100 120 140

Y
 (

a
rb

. 
u
n
it
s
)

LaB6, Mo K

2  (deg.)
20 40 60 80 100 120 140

Y
 (

a
rb

. 
u
n
it
s
)

LaB6, Cu K

d (A)
1.01.52.02.53.03.54.0

Y
 (

a
rb

. 
u
n
it
s
)

LaB6, Cu K

1/d2 (A-2)
0.2 0.4 0.6 0.8 1.0 1.2 1.4

Y
 (

a
rb

. 
u
n
it
s
)

LaB6, Cu K

1/d (A-1)
0.2 0.4 0.6 0.8 1.0 1.2

Y
 (

a
rb

. 
u
n
it
s
)

LaB6, Mo K

1/d (A-1)
0.2 0.4 0.6 0.8 1.0 1.2

Y
 (

a
rb

. 
u
n
it
s
)

(a)

(c)

(e)

(b)

(d)

(f)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.8

In
te

n
si

ty

2

2

2

2

a)

b)

c)

d)

In
te

n
si

ty
In

te
n

si
ty

h
1
k 1

l 1

h
2
k 2

l 2

h
3
k 3

l 3

h
4
k 4

l 4

h
5
k 5

l 5

h
6
k 6

l 6

h
7
k 7

l 7 …



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.9

1

2

1+K 2

2

In
te

n
si

ty

2

In
te

n
si

ty



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.10

a*

c*

b*

ha*
lc

*



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.11

Bragg angle, 2θ (deg.)

40 50 60 70 80 90 100

-0.04

-0.02

0.00

0.02

0.04

Δ
2
θ

(d
eg

.)

No correction:  a = 10.4309(4) Å

c =   3.0201(2) Å

Corrected for sample displacement:  a = 10.4356(2) Å

c =   3.0217(1) Å

p5 = -0.00103(3)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.12

x = 2θj - 2θk (deg.)

-0.4 -0.2 0.0 0.2 0.4

G
(x

);
 L

(x
) 

(a
rb

. 
u

n
it

s)

Lorentz Gauss



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.13

Bragg angle, 2θ (deg.)

44.0 44.2 44.4 44.6 44.8 45.0

R
el

at
iv

e 
in

te
n

si
ty

, 
Y

 (
ar

b
. 

u
n

it
s)

0

20

40

60

80

100
Kα1

Kα2

Kα1 +Kα2

BackgroundYobs-Ycalc



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.14

Bragg angle, 2θ (deg.)

F
W

H
M

 (
d

eg
. 

2
θ
)

LaB6, Cu Kα, Ge(Li) detector

U  =   0.004462

V  = - 0.001264

W =   0.003410

20 40 60 80 100 120 140

0.06

0.08

0.10

0.12

0.14

0.16



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.15

  =

Slit

width

X-ray

focus

In plane

divergence

Axial

divergence



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.16

G
(x

) 
(a

rb
. 

u
n

it
s)

-0.4 -0.2 0.0 0.2 0.4

x = 2θj - 2θk (deg.)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.17

44.00 44.25 44.50 44.75 45.00

Bragg angle, 2θ (deg.)

In
te

n
si

ty
, 

Y
(a

rb
. 

u
n

it
s)

Ymax

Yi

bi

Ihkl



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.18

Bragg angle, 2 (deg.)

L
P

0 20 40 60 80 100 120 140 160 180

0

10

20

30

40

50

No monochromator

2 M 26.5o



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.19

dV

Total path: l = xI+ xS

b)

a)

dx

x

I0 It



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.20

Wavelength, (Å)

L
in

ea
r 

ab
so

rp
ti

o
n

 c
o

ef
fi

ci
en

t,
 μ

(c
m

-1
)

K

(a)

Fe

Energy, E (keV)

0.01 0.1 1 10

1

10

100

1000

10000

1101001000

Wavelength, (Å)

L
in

ea
r 

ab
so

rp
ti

o
n

 c
o

ef
fi

ci
en

t,
 μ

(c
m

-1
)

M1…M5

L1 L2 L3

K

(b)

Gd

Energy, E (keV)

…

0.01 0.1 1 10

1

10

100

1000

10000

1101001000



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.21

PO

axis

T /T||= 2.5

hkl

Thkl

T||= 1/

T
=

 1

d*
hkl

d*T
hkl

a)

T||= 1/ 3

T
=

 
3

/2

b)

T||=0.67

T
=

1

c)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.22

Z

X

Y



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.23

hkl

hkl



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.24

sin2θ

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

Δ
2
θ

(d
eg

.)

-0.090

-0.085

-0.080

-0.075

-0.070

-0.065

-0.060

1.1

cos θ

0.70 0.75 0.80 0.85 0.90 0.95 1.00

-0.090

-0.085

-0.080

-0.075

-0.070

-0.065

-0.060

Δ
2
θ

(d
eg

.)



Ch. 8. The Powder Diffraction Pattern

Vitalij K. Pecharsky • Peter Y. Zavalij                                                                                               Springer © 2008

Fundamentals of Powder Diffraction and Structural Characterization of Materials. Second Edition

Fig. 8.25

Source

Sample

Detector

Waveguides filled 

with H2 at 0.5 atm

Be windows


