Concept of Reciprocal Lattice Vector:

As per rule of construction of reciprocal lattice, as mentioned earlier, we should now have
the reciprocal lattice vector which is

sometimes denoted as oy, is defined
as a vector having magnitude equal to
the reciprocal of inter planar spacing
dpi and direction normal to the (hkl)

plane, and it is then given by
_ 1 — _ 1
Ohkl = T— and Ohkl =— N
dpra dhki
With this original definition of

reciprocal lattice vector, we also have

((_)')100,6')010 ,8001) which are known as
fundamental reciprocal lattice vectors.

As per the rule of construction of reciprocal lattice, Iet wgset of parallel planes
ABC, DEF, having inter planar spacing dy,,; . As sh if we take a point P, on

that inter planner spacing such that OP, =

en we must have OP = Opu =

Reciprocal Lattice Vector where |O 3 . Here obviously the point P, is a

lattice point in reciprocal lattice spac

Choosing 5*,5* and ¢* as the t rec | axes, any arbitrary reciprocal lattice vector
can also be expressed as G = ha* +%b" ™N¢ where h, k1 are integers and (5*,?)*, ¢*)
are the primitive translation of the reciprocal lattice. This vector as defined is

basically reciprocal t ionalyvector in Fourier lattice space which is very similar to the

translational vec ttice space.
Here the inter act is that this newly defined translational vector Gin reciprocal
lattice spaceyan take the translational vector T in direct lattice space, we have for

G=ha" +kb*+1¢"and T = n;a + n,b + n3¢ ,
G.T = (hd* + kb* +1&*). (n;3 + nyb + ny¢)
Thus we get G.T = 2m(an integer) = 2mN . This gives us ell€T) = 1
But elCT = cos(G.T) +isin(G.T) = cos(2mN) +isin(2nN) =1+0=1

Finally G.T =0 ThusGis perpendicular toT.



Basic Properties of Reciprocal Lattice:
A few basic properties of reciprocal lattice are

(i) Every reciprocal lattice vector is normal to a lattice plane of the crystal lattice.

(ii) If the components of G have no common factor then |(_f| is inversely proportional to

. . 2. = 1
the spacing of the lattice planes normal to G i.e. in that case, eventually |G| = Ohk =5
hkl

(iii) The volume of a unit cell in the reciprocal lattice is inversely proportiénal to the

. . .. . 1
volume of a unit cell of the direct latticei.e. V* « v

(iv) The direct lattice is the reciprocal of its own reciprocal lattice.

Reciprocal Lattice for several Cubic Lattices:
®

We can now find out the basis vectors of reciprocaﬁatti for cubic lattice structure. Let
us consider the several cubic unit cell one after another.

a) Simple Cubic (SC): In this case of direct lattice, the primitive translational vectors are

given by a =ai, b=aj, ¢=ak. v e of unit cell of this lattice is
v=[3.(bx&)]= a’

Here the corresponding basis ve ciprocal lattice space are

reciprocal lattice of simple cubic crystal are same

in magnitude and thus reciprocal lattice of simple
cubic crystal is also simple cubic having lattice

2T
constant equal to -



b) Body Centered Cubic (BCC): In this case of direct lattice, the primitive translational
vectors are given by

a=_(i+j-k) b= S(-i+j+k), é=2(i—j+k) So the volume of unit cell of
this lattice is

V=[3.(bxd)]

=(;)3[(i+j—i().{(—i+i+i()x(i_“’k)}] :a;

Here the corresponding basis vectors of the
reciprocal lattice space are

- _ bxé _ 2m . .
=2 T - A+1

T ¢xda _ 2mo. % o
b'=2n == =3 G+k), ¢ =
c) Face Centered Cubic (FCC): In this case o

vectors are given by a = %(i +7), b&2(

tice, the primitive translational

5 + i{) . So the volume of unit
cell of this lattice is

v=[d.(bx¢ Qi)-{mk)xmi‘)}]f

Jere the corresponding basis vectors of the reciprocal
lattice space are

. b x ¢ 2w, .

a=2n———=—(1+j-k),
a.(bx¢ a

- ¢xa 2 o

b*=2n ————=—(-i+j+k)
a.(bx¢) a

. axb 2T, .

¢=2n———=—(1-j+k)
a.(bx¢) a




