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Relation between interplanar spacing and Miller indices:

Let us consider three mutually perpendicular coordinate axis, OX, OY, and OZ and
assume that a plane (hkl) parallel to the plane passing through the origin makes
intercepts a/h, b/k and c/l on the three axes at A. B and C respectively as shown
in figure.

Let OP = d,,, the interplaner spacing be normal to the plane drawn from the

origin and makes angle a, 3, and y with the 3 axes respectively.
C

-2 0B=L 0oc=¢
Therefore, OA= = OB= = OC -

_OP_ dhi N
From AOPA, cosa = o0A~ a/h Z
. _OP_ dhia
Similarly, from AOPB, cosf 0B b/k
_OP_ dhi
And from AOPC, cosy oC o/
But, for a rectangular coordinate system, using directional
cosine we have, cos?a + cos?p + cos?y =1 ---------- (1) ©

Substituting the values of cosa, cosp and cosy
in the equation (1) we get,
5 [hZ K2 12]

hkl a_2+§+c_2__1
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dhkl = [hz < =z T (2)
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This is the general formula and is applicable to the primitive lattice of

orthorhombic, tetragonal and cubic systems.
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i. Orthorhombic system: a=b=c dyy=

\/lh2+b2+ ]

1

d... =
T
a2

d
Vh? + k2 + 12

ii. Tetragonal system: a=b =

iii. Cubic system:a=b=c dyg =




Interplanar Spacing

Cubic: ,
1 R4k 4+
d? a?
Tetragonal:
I S S
2 a2 c2
Hexagonal:
1 4 h? + hk + k* N 2
d2 3 a® o2
Rhombohedral:
1 B (h? + k% + f'z) sin? o + 2(hk + Kkl + ."-E”[('.(R-':Eﬂ — COs &)
d? a?(1 — 3cos? a + 2cos® a)

Orthorhombic: ) R &
1 h= k= I°
E-ETETa

Monoclinic:

1 1 (h? E2sin® 3 12 2hlcos :T)
= [+ -0
d=  sin® [

o ) b
a- b= c- ac

Trichnic:

1

== 1_12 (S11h + Sk® + Sagl® + 2S15hk + 253kl + 25,5h1)
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Sh=bc"sn"a
\ 25 - D
Sos = a“c"sin” 3
- Dy . D
Sqq = a°b* sin” A

S12 = abe®(cos a cos 3 — cos 7)

where Siy = a*be(cos 3 cosy — cosa)

. "
Sz = ab”c(cos v cos o — cos 3)
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Linear Density and Planar Density

Number of atoms along a direction

Linear density (LD) = Length of the direction
[110]
ex: linear density of Alin [110]
direction
a=0.405 nm
Y # atoms e ;
= D=2

length /v\@a



n = Number of atoms in the unit cell

n
Planar density (8) = — _
\Y d = Interplanar spacing between two (hkl)planes

V = Volume of the unit cell
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Sample Problems

The distance between consecutive (111) planes in a cubic crystal is 2 A.
Determine the lattice parameter. [Ans: 3.46 A]

In a tetragonal crystal, the lattice parameters a=b=2.42 A and c=1. 74 A.
Deduce the interplanar spacing between consecutive (101) planes. [Ans:
1.41 A]

Calculate the interplanar spacing for (321) plane in simple cubic lattice
with the interatomic spacing a= 4.21 A. [Ans: 1.01 A]

Worked out problems in the book “Solid State Physics” by M. A. Wahab, 2nd
ed, Page no. 33,36. Practice the problems in the exercise of the mentioned
chapter.
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