TABLE 4.1.4. Order adopted in Space-group Tables

Point Space-group Point Space-group
System group -numbers System group numbers
Triclinic. 1 1 Trigonal 3 143-146
' 1 2 3 147-148
32 149-155
Monoclinic 2 3-5 3m 156-161
m 6-9 Im 162-167
2/m 10-15
Hexagonal 6 168-173
. 6 174
Orthorhombic 222 16-24 6/m 175-176
mm2 o 622 177-182
e - 6mm 183-186
6m2 187-190
Tetragonal 4 75-80 6/mmm 191-194
4 81-82
4/m . 83-88 Cubic 23 195-199
422 89-98 m3 200-206
4mm 99-110 432 207-214
42m 111-122 33m 215-220
4/mmm 123-142 m3m 221-230




Why are some
unit cells
chosen non-
primitive (i.e.
centered)?
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Figure 11.11. The 14 Bravais lattices arranged into the 6 crystal systems.



Why are some
unit cells
chosen non-
primitive (i.e.
centered)?

Because the
primitive cell
does not
display the
symmetry of the
lattice!
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Figure 11.11. The 14 Bravais lattices arranged into the 6 crystal systems.




TABLE 11.2 Properties of 3D Lattices

Lattice Symmetry

Crystal Axial Cell
System Schonflies  Crystallographic® Relations Types
Triclinic C. 1 a#®b#c P
aF=fFy
Monoclinic Cas 2im a®b+#c P, I (or A or B)
y#F a=fg=90°
Orthorhombic D, mmm a#b+#c P,I, A, F
= ﬂ = = Oy
Tetragonal Dy, 4/mmm a=b+#c P, 1
o = ﬁ.’ =9y = Q0
Isometric o, m3m a=b=c P, I F
(cubic) ~ a=f=y=90°
Trigonal- D, 3m a=b+#c P or rhombohedral
hexagonal Dy, 6/mmm a=f = 90°
y = 120°
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Fig. 3.8. Definition of ikl-values in terms of intercepts on the axes.

*Rational planes: pass through lattice points

*Choose plane closest to origin, not passing through it
*Find intercepts of a, b, ¢ axes

eInvert and clear to integers (h, k, |)

e 4,3, 1in this example
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ig. 3.9. Examples of lattice planes in projection alo e c-direction.



Derivation of the Bragg equation.

2dsin©®@ = nA

Or regard n as an overtone of the primary scaterin
(interplanar spacing of d/n) then n drops out of the
equation. This is the beginning of Miller indices.



Fractional intercepts need to
be multiplied by the cell
edges to convert to distances
of a right triangle

Fig. 3.11. Calculation of the
interplanar spacing d for a set of
planes hkl in a two-dimensional
orthogonal system.

b/k




There has to be a
better way...

Table 3.3. The quadratic form of the Bragg equation in the seven crystal

systems.
Triclinic
2 )\'2 2 e

sin“ ¢ = R [}1261*2 + k*b* + Pc* 4 2kIb*c* cosa®
+2lhc*a* cos B* + 2hka*b™ cos y*]

a* = ibcsiru;\z, cosa™ = cosﬁ.cosy.—cosoz
14 sin 8 sin ¥

b* = ica sinfi, cosfB* = Ry d
V sin y sin o
1 ) . cosacosf —cosy

c* = —absiny, cosy*t= , -
14 sin & sin 8

\% = abcy/1 + 2cosacos fcosy — cas? o — cos? B — cos? y

Monoclinic
AP WP k2 [? 2hi

e = | G o - e
4 | a?sin” B8 b2 ¢2sin*B  acsin® B

Orthorhombic
AZTh: K2 12

.2
g = |54

GRS S

Tetragonal
22T 2

sin"® = — R4+ (E) lz:|
4a? [ c

Hexagonal and trigonal

sino = S [ e )+ (&)'r
4a? | 3 c

Cubic
A‘Z

sin? = — [112 +k* 4+ lz]

4



The better way...

The compound NiBr(P(CH;),(CgHg)),#1/2 NiBrp (P(CH3) 5 (CeHg)) 50 CoHg
crystallizes in the following (triclinic) cell:

a=9.021 A a = 98°52! cos a = -0.15414 sin a = 0.98805
b =17.591 & B = 94°29" cos B = -0.07817 sin B = 0.99694
c = 11.181 A Yy = 90°44° cos Y = -0.01280 sin Y = 0.99992
81.3784 -2.0728 -7.8845 6 56
M =|-2.0728 322.2384 -30.9375 pet B = 3.1788 10
- V =1782.9 A

-7.8845 -30.9375 125.0148

0.012372 0.000158 0.000819
M~ =M* =(0.000158 0.003181 0.000797
0.000819- 0.000797 0.008248

h
a*“ = = = (hk) (M*) | k
%



























