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Figure 1.1.Illustration of a two-dimensional
/ / / / / lattice with one unit cell shaded in orange.
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Figure 1.2.Illustration of an arbitrary origin
of a lattice. The original and the alternative
lattices are shown using solid and dash—
dotted lines, respectively. The unit cells

(shaded in orange and b/ue) have 1dentical
shapes.
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Figure 1.3.I1lustration of an arbitrary
unit cell of a lattice. The original and the
alternative lattices are shown using solid
and dash-dotted lines,respectively. The
unit cells (shaded in orange and blue)
have different shapes but their areas (or
volumes 1 three dimensions) and
contents remain identical.
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The units of the unit cell edges are:
- Angstroms (A)—1 A =10""m =10%cm, or
- nanometers (nm) - 1 nm =10 m, or
- picometers (pm) - 1 pm = 1012 m),

and the angles between vectors are:
- degrees (°)

Eq.1.1. q = ua + vb + wc

Figure 1.4. Unit cell in three dimensions.

Slide 4



Peter Y. Zavalij Fundamentals of Powder Diffraction and Structural Characterization of Materials. Third Edition

vitalij K. Pecharsky  Ch. 1. Fundamentals of Crystalline State and Crystal Lattice Springer © 2025

d(lﬂ[)) —d d(ZDO) = a/2

Figure 1.5. Families of (100) and (200)
crystallographic planes
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Figure 1.6. Families of (110) and
(111) crystallographic planes.
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Figure 1.7. Family of (213) crystallographic planes.
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Figure 1.8. Three possibilities to select the
crystallographic basis in hexagonal and
trigonal crystal systems and the family of

(a+b) ¢ (1120) crystallographic planes wheny = 120°.
a The mndices are shown for the unit cell based
on the vectors a, b and ¢. Three additional
b symmetrically related families of planes have

indices (1120), (1210) and (2110) in the
same basis and we leave their identification to
the reader.
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[TH] Figure 1.9. Selected crystallographic directions
in the lattice with o = =y = 90°.
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V3=V1 KVZ

Vi

Figure 1.10. Vector (cross) product of two vectors.
The direction of v; 1s determined using the right-hand
rule (thumb of the right hand 1s aligned with v, index
finger with v,, then v; 1s aligned with the middle
finger: tails of all vectors face the middle of the palm)
or the right-hand screw rule (the direction in which a
screw advances when turned from v, to v,).

Eq.1.3.

Eq. 1.4.

Eq. 1.5.

Eq. 1.6.

Eq.1.7.

Eq. 1.8.

Eq. 1.9.

a’-a=b"-b=c"-c=1
VI'VZ :1?11?2{:05{1

\V; X Vy| = v3 = vy, sina

b xc cxa axb
— * *

* — b* = —
4 v v © Vv
b* x c* X a* a* X b*
a—= , b= , C=
v v v

1
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Direct space and
41 crystal structure
~

Reciprocal space and

diffraction pattern
o
o, %0 %
N °,, Figure 1.11. Example of converting
—>0 31 : : .

41 crystallographic planes in the direct
° o, 2 lattice into points in the reciprocal

* 0 lattice. The corresponding Miller
o °; >

13 indices are shown near the points in
the reciprocal lattice.
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