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Order-Disorder

SEOUL NATIONAL UNIVERSITY

» Distribution of atoms among atomic sites may not be random.

> A preferential pattern of site occupation — order

ordered vs. disordered
superlattice
long-range order

order-disorder transformation > changes in XRD pattern
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AuCus,
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() gold atom
@ copper atom

D "average” gold copper atom

T > ~390C T < ~390C

fcc simple cubic

disordered

> Little change in lattice parameter, no change in shape >

no changeind

» Change in atom positions - change in |
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AuCus
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» Body center — 000, ¥2%2Y>
» Face center - 000, 0Y2Y2, ¥20Y2, Y220
» Base center - 000, ¥2¥20 (or 000, 0¥%2V4, or 000, ¥20V2)

» AuCu; when ordered — Au atom @ 000, Cu atom @ 0%2%2, %20,
0Y2Y2 - simple cubic

O gold atom

. copper atom

"average” gold
copper atom

disordered ordered
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Order-disorder in AuCus;
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Complete disorder | | 4 average atoms @ 000; ¥2Y20; ¥20%2; 0vY2%2

: : : . . 1 3.
[ = (atomic fraction Au)f,, + (atomic fraction Cu)fe,. = E‘f’\” + Zf(-(u

F = Efezwf(hrr+kr.1+!-u') s /“[[ + e?a‘f{hl:’.‘) 22 em{'ﬁ-i-f) 1+ ({rffl{-i-f]}

CF =4f,, = (fau T+ 3fw), for hkl unmixed
f; (fa 3feu) 1 mixe FCC

fundamental peaks F = 4f for unmixed indices

I =0, for hkl mixed. F=0 formixed indices

Complete order One Au @ 000 & three Cu @ Y2%20; %20%; 0%2%2

F = .ff\u s f‘(1Ll[ve1‘h Fk&) g em{h + r':le-vrf(f.‘f!}]

F = (faa + 3fcu)s for hkl unmixed.

T
P = (fAu a f("u)* for hki@

superlattice peaks | v much weaker than f-peaks (“difference peaks")

v" direct evidence of ordering
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Long-range order parameter (S)
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> Degree of long-range order (departure from perfect order) >

long-range order parameter (S) g_Ta" Iy

ra = fraction of A sites occupied by A atoms

Fa = fraction of A atoms in alloy Ol

‘ copper atom

When completely random, ry, = F, > S =0

(a) Disordered (b) Ordered

100 atoms of AuCus; 25 Au, 75 Cu > Fy, = 25/100 = 0.25, F, = 0.75

25 Au in Au site, 0 Au in Cu site & ra, = 25/25

1,S = (1-0.25)/(1-0.25) = 1

22 Au in Au site, 3 Au in Cu site & ry, = 22/25 = 0.88,

S = (0.88-0.25)/(1-0.25) = 0.84
72 Cu in Cu site, 3 Cu in Au site 2 re, = 72/75 = 0.96,

S = (0.96-0.75)/(1-0.75) = 0.84
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Order-disorder in AuCus,
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Complete disorder

F=4f,, = (fau + 3f), for hkl unmixed

undamental peaks
I' = 0, for hkl mixed.

Complete order (faw + 3fca),  for hikl unmixed,

= (f/\u - f('u)a for hkl mixed. D
p/

superlattice peaks

Partially ordered

» Only the superlattice peaks are affected
F = (fay + 3fcu), for hkl unmixed. by disorder.
> IOFR>108%2

F= S(fau — feu), for hkl mixed. . :
p/ » S can be determined experimentally by

comparing the I's of f-peaks and s-peaks.
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S vs. Temp
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T/T,

> @ (T/T) > 1, the energy lost from the supperlattice peaks >

diffuse scattering - diffuse BKG due to randomness

CHAN PARK, MSE, SNU  Spring-2022 Crystal Structure Analyses Cullity, Figure 10-7 £ g




2500 —————————— Order — disorder in NiAl
— ] SEOUL NATIONAL UNIVERSITY

2000 | 10 | dISOFdered m
7 4
c - . —
g 1500 [ N |A|
z
£ 1000 |- .
ﬁ - 211 ]
= 500 +— Il 200 ﬁ 222 —]

L 4 o E 400 |
0 L A j 1 L $
0 25 50 75 100 125 150
26 (degrees)

2000
0 I ordered |
c
3
o 1500 . —
e NiAl
= J
2 1000
Q
£

500
5 superlattice peaks
20 (degrees)
CHAN PARK, MSE, SNU  Spring-2022  Crystal Structure Analyses Krawitz 9

Order-disorder in CuZn

disordered

T > ~460C

F = (fo, + ), (h+k+1) even
F = S(fcu = on)l (h+k+|) Odd
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bcc
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zinc atom
copper atom

) "average” zinc
copper atom

ordered

T < ~460C

simple cubic

fundamental peaks

superlattice peaks
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