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VI  Reciprocal lattice

6-1 Definition of reciprocal lattice from a lattice with
periodicities 3, b, ¢ in real space

B b x ¢ _Bxé
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Consider the requirements for 3
3-d'=1b3=0¢23=0

This means
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In other words,

a*is proportional to b x ¢

3 =kbx¢
Moreover,
a-ar=1
3-kbxé=1
So,
I = 1
a (BXE
We thus obtain
_ bxc¢
3 (B X ¢
Similarly,
N ¢Xa
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* A translation vector in reciprocal lattice is called reciprocal

lattice vector Giy
Giq = h3* + kb* + 12

* orthogonality; orthornormal set

a-a*=a-ﬁ=1
a-(bx¢

b'b*=b'ﬁ=1
b- (¢ xa)

> Ok - 5)Xb 1

c-c"=¢c- — =
¢-(@xb)

L, - _ ¢x4d

a-b*=a-'s ——=0
b-(c xa)

ar¢c*=a- — =
¢-(@xb)
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a = . — e
d-(bx¢)

-, - axb

b-¢c"=b———=-=0
c-(axb)

- —ox - BXE 0

cra"=¢ — =
d-(bx¢)

. - , ¢xa

cC'b*=c'= —=0
b-(cxa)

* In orthorhombic, tetragonal and cubic systems,
1 1
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* Gry is perpendicular to the plane(h,k,l) in real space

C
A C
|

C
\_
k

> b
a B
hA
5 o
—=_b 3
"k h
A_C_E a
"1 h

The reciprocal lattice vector G, = hd* + kb* + 1¢*

Y . o (b 3
Gpa - AB = (hd@* + kb* +1¢) - (E — H)

Gy - AB = — [ h3 a + [ kb b
hkl = a I K

G AB=—-1+1=0

Similarly,
S = - ¢ a
Gpya - AC = (ha@* + kb* +1¢*) - <T — H)
o ., C L, a
Gpig - AC = <1c T) — <ha H)
Gg"AC=1-1=0
Therefore,

Gria L AB
Gy L AC
Gr is perpendicular to the plane (h,k,l)
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Moreover,

—>* 1
th1| = d_

, where dy, is the interplane spacing of the plane (hk,l)
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b Gia
dh = 7=
K |Gl
b (hd" + kb +12%)
it = - -
. Gll)kl|
q b kb*
hkl = 7" 7=,
k |Ghl
d 1
hkl = 7=
Gryal

We always treat Gj,, as a representation of the plane (hkl).
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6-2.  Reciprocal lattices corresponding to crystal systems in
real space

(i) Orthorhombic ,tetragonal ,cubic
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(i) Monoclinic

Q|

(i) Hexagonal

We deal with reciprocal lattice transformation in Miller indices.
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6-3  Interplane spacing

dpe = =—

1
dpy = ———=
«/ Ghia * Ghia

= (ha* + kb* +18*) - (hd* + kb* + 1&*)

dhkl

(i) for cubic ,orthorhombic, tetragonal systems

= (h3@* + kb* +1¢) - (hd* + kb* + 1¢*)

dhkl .
e b x ¢ b X ¢ 1 1 1
a a = — > — IR =_a'_a=_2
d-(bx¢) d-(bx¢) a a a
T ¢x3d ¢xad _1B 16—1
b-(é¢x3) b-(&x3) b b b2
.. ..  axb axb 1_1_ 1
c'-c'= = ——=—-C"—-C=—
¢-(@axb) ¢-(@3xb) ¢ ¢
3-b'=3-¢=b"-¢=0
So,
= (ha* + kb* +18*) - (hd* + kb* + 1¢*)
dhkl
1 h2 k2+12
dhkl b2

(i) for the hexagonal system
1 _h2+k2+hk+ 12

s B § 2 c?
hkl 7a
Derivation'
= (ha* + kb* +18*) - (hd* + kb* + 12*)
dhkl

= h?3" 3" + hka@" - b* + hI3* - ¢* 4+ hkb* - 3" + k2b* -

dpia’
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b* + klb* - &* +hle* - 3* + kI¢* - b* + 12¢* - ¢&*
T = =b =2 b =0

1 - - — g I e - -
= h%3" - 3" + 2hka* - b* + k?b* - b* + 128" - ¢

> =

dhi
. .. bx?é  bxt
a-a = — 7 - ' — 7 -
a-(bXC) a-(bXC)
e oe bc bc 4
ara= abc - cos30° abc-cos30°  3a2
Similarly,
N ¢xa ¢Xxa
b* ' b* =S - — ) - —
b-(¢xa) b-(cxa)
ca ca B 4 B 4

b*-b* = . i
abc-cos30° abc-cos30° 3b2 3a2

T X ¢ ¢xa
3a-(bx?d) b (Ex3)
T bc (A o A) ca @©x2)
4 "~ abc - cos30° ¢ abc - cos30° cxa
T bc ca 60’
"~ abc- cos30° abc:cos30° cos
b = T
Substitute,
Then
= (h* + k?) : + (2hk) : + .
I B 3a2 3aZz 2

1 _h2+k2+hk+12
d 2 § 2 C_Z
hkl 72
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6-4  Angle between planes(hk,l,)and (h,k,l,)

— — — -
* * - * *
Ghi * Ghig = |th1||th1|C059
— —
* *
thl ) thl

cosO = T
|th1| thll

for the cubic system
Ghy * Ghia
Grial|Ghia

cosO =

cosO

h;h, + k 1k, + 141,
\/hlhl + ki k; + 1111\/h2h2 + kyk, + 1,1,

cosO =

6-5  The relationship between real lattice and reciprocal
lattice in cubic system

Real lattice — reciprocal lattice
Simple cubic— Simple cubic
b.c.cofcc

fccob.cc

Example : f.c.c—b.c.c
1) Find the primitive unit cell of the selected structure
2) Identify the unit vectors
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d
Z 5):53{3?4-’2\)
-~ a
b=5&+y)
a
R —):_/\-I_/\
L i=50+D)
X
N b x ¢ b x ¢
a = — =
i(bxd) V
- ¢Xx3a ¢xa
b*=_> = _):
b-(¢cxa) v
N, axb axb
c = — =
¢-(@xb)

Calculate V first,
v=d-(bxd)=[z@+|-{;@+9|x[50+2]}

V=2 R+ [R+9) X G +2)]

a
V=g @&+2) @-9+%)
ad ad
V=S@®+2) Q-9+ ="
o bxe 4 a_ a
= =g &< [;0+9)
L, bx¢c 1[A+A 5 48] 1 013
= = — X —_— — —_
a v a(x D xF+72) a(X y+2)

Similarly,

ol
X
L

o 1 1
b* = v =;[(y+z)><(x+z)]=g(x+y—z)

Y
)
X
ol

1 1
¢ v a[(x+z) X+9)] a( R+V+72)

%

3, b*, ¢* construct a body centered cubic (bcc) lattice.



