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Appendix A

Thermodynamics of ordered phases
in the limit of perfect ordering

A.1 BCC based ordered phases

A.1.1 Thermodynamics of B32 phase using tetrahedron
approximation

The tetrahedron cluster considered for B32 phase is shown in Figure A.1 and the
details of the (sub-)clusters, their designations, multiplicities and K-B coefficients are
given in Table A.1.

B(R

®

Figure A.1: The irregular tetrahedron basic cluster in B32 phase along with the
sublattice sites designated o and f.

The average composition of the system and the LRO parameters are related to
the sublattice point CFs as

up = (up1 +up2)/2 and &= (ug2—up1)/2
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Table A.1: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (v, ;) for B32 phase using tetrahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7;;
Irregular aaff
tetrahedron (1,4,2,3) 4.1 1 1
abp 3.2 6
Isosceles triangle (1,2,3) -1
aaf 3.1 6
(1,4,2) :
II-n pair of 2.1 3 1
(1,3)
6B
(2,3) 1.3 1
of
I-n pair (1,2) 1.2 2 1
o
(1,4) 1.1 1
g 0.2 1/2
point (2) -1
Q@
0.1 1/2
(1) /

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CF's in the sublattice solvent bases in the

limit of perfect ordering, v ;> are:

773/2 0 773/2 .
0 _ 3,,3/2. o _'la . o _ "Ny | o _ T4
V11 =MM3Ty 5 Vig=— Uiz = "3 Vg1 = —
T T3 2

2,3 3 5

o _ 37y, o _ M | o _ ™y

U1 = 3 U3z = 55 Vg1 =

2 n2M3 Up)

The limiting first derivatives of the transformed CF's with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v?i' )0 and v?i. e are:

0 _ .0 0 0 0 0
V11 = ~Via (2 +U11 =301 - 37}2.1) - 3v3,
0 0
v, =V
+3 3.1 3.2

2
0 _ .0 0 0 0 0

3
0o _°20 0 0
U(1.2)0 = 512 (_Uu + U1.3)

0 _.0 0 0 0 0
V2.1)0 = V2.1 (—Ul.l + U1.3) T V31~ V32
0 0 0 0 0
v v 204, —v v
0 _Usa1 | 9 k.0 0 0 0 Y31 3.1~ U3z 31) .0
1.1 1.2 2.1
0

<

0 0 0 0
v, — 20 v v
U?3.2)0 = ;2 (3 =300 — vy + 5 g —dog | + S22 0 22 4 3_?6'2 - _3'2) +0],
V1o Uiz V21
0 0 0 0 0 0
v vy, — U V! v v
0 _ .0 0 0 3.1 310 " Vs2 Usao Vg 4.1
Yig1)0 = Va1 B+ -t 5+t -t o
v v v v v
1.1 1.2 13 Usa 3.2
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and

0 0 0
v Vg4 +0
0 _ 1.2 0 0 0 0 3.1 3.2
0
(] 0 0 0
U(z.1)g = U1 (_3 +o) g+ 2”1.2 +u 5+ U2.1) ~ Uz~ Us2
0 0 0 0 0
v v 203, +v v
0 _ 3.1 0 0 0 0 3.1 3.1 3.2 3.1 0
2 v v v
1.1 1.2 2.1
0 0 0 0 0
v V3, + 20 v v
0 _ 3.2 0 0 0 0 3.1 3.2 3.2 3.2 0
1.2 Uiz Uaq
0 0 0 0 0 0
v v +v v v v
3.1 3.1 3.2 3.2 4.1 4.1
v (% (Y (Y
1.1 1.2 1.3 3.1 3.2

Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

ordering, u! j» are:
0 _ . 0 _ 1. 0 _ 1. 0 _
uyq =1; Uy 9 =—1; uy3=1; Ugq = -1
0 _1. 0 _ 1. 0o _
ugq =15 Uz =—1; ugq =1

The limiting first derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()l.. o and u(()i. Jyer are:

u(()1.1)0 =-2; “(()1.2)0 =0; u(()1.3)0 =2 u?Q.l)O =0
“((]3.1)0 = -1 u(()sz)o = -1 u(()4.1)o =0
u? =2; u? =-2; u? =2; u? =-2
(1L.1)¢ ) (1.2)¢ ’ (1.3)¢ ) (2.1)¢
0 . 0 _ . 0 —
Uzye = 3 U(z)e = 73 Ulanye = 4

The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()l.. 1007 u(()i' )0 and u?l.. yeer are:
0 — 9,0 . 0 — 9,0 . 0 — 9,0
U(1.1y00 = 207 4; u(1 2)00 = 207 9; “(1 3)00 = 207 3
u((J2.1)00 = 209; u(3 1)00 = = 2071 = 2015 = 2v3; u(3 2)00 = =207 5 = 207 5 + 205
u(4_1)00 =200 ) —4v) 5 + 207 3 — 40
0 _ 0 . 0 —0 0 _ 9,0
U 1yeo = ~2V105 Uy 9y¢0 = U5 Uy 3)¢0 = 2V13
u? =0; u? =29 ; u? = -20Y
@1 =Y (3.1)¢0 115 (3.2)¢0 13

0 _ 9,0 0
Uiy 1ye0 = 2V13 — 201

and
0 . 0 _ 0 . 0 _ 9,0
u(l 1)¢¢ ~ = 2v14;3 U1.2)¢e = —201 5; U(y.3)¢e = 207 5
. 0 _ 9,0 0 0 . 0 _ 0 0 0
Ulanyee = “2V213 Uanee = 2V0a + 2000+ 200 Uy 9ye = ~2V19 — 2U1 3~ 205,

0 0 0 0 0
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A.1.2 Thermodynamics of D03 phase using tetrahedron
approximation
The tetrahedron cluster considered for D03 phase is shown in Figure A.2 and the

details of the (sub-)clusters, their designations, multiplicities and K-B coefficients are
given in Table A.2.

3

Figure A.2: The irregular tetrahedron basic cluster in D03 phase along with the
sublattice sites designated «, 8 and 7.

Table A.2: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (v, ;) for D03 phase using tetrahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7;;
afyy
Irregular tetrahedron (3.1,2.4) 4.1 6 1
Byy
(1.24) > ’
Isosceles triangl o -1
sosceles triangle (3.2.4) 3.2 3
afy
(3.1.2) - ’
(;Z) 2.2 3/2
II-n pair 0475 1
(3.1) 2.1 3/2
(15 g) 1.2 2
[-n pair O; 1
7 1.1 2
(3.2)
cont. ..
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cont. ..

Clusters | Ordered cluster | Designation | Multiplicity | 7 ;
(g) 0.3 1/2

Point (f) 0.2 1/4 -1
(;‘) 0.1 1/4

The average composition of the system and the LRO parameters are related to
the sublattice point CFs as

g = (upq +ug.2 +2uo3) /4,6 = (2uo3 — uo2 — uo.1) /4 and & = (up2 — up.1)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v; ], are:
1 m 1 2
vy = TR vy = 3727 vy, = 2 Vgp =
M, n N27]37)4 N4
1 2 nin2 1
0 0 0 1 0
Us1= — 7 3 Uz2 = ; V33 = ; Vg1 =
23N, N 13103 nsn;

The limiting first derivatives of the transformed CFs with respect to ug, & and &, in
the sublattice solvent bases in the limit of perfect ordering, v(()i_ 0 and v?i_ yepr are:

3 Y, + Y
o _20 0 0 0 0 0 +09,
Yo = 50 (-2 +0fy +oip+ 03y +0,) - 3T
0
v 0
“?1.2)0 = —;'2 (-2-300 ) + 500, =309, +309,) + 3%
0 _ 0 0 0 0
Y2.1)0 ‘2%1 (1400, +0f5) - 208,

0 0 0 0 0
V2.2)0 = U22 -1- 27}11"‘2”12"‘“22)‘*“32 U33

~7+60), + 409, - 5 + 5 - -

v? =Y
(4.1)0 = Y41 0 0
Ui Uio Ugy 2035, 2u34

20 200 0 0 0 0
Ve, +U 204, —v )
_ Usa 0 0 0o _“4Y317TU39 31 " Y33 UYsi) o
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0 0 0 0
v vy, +4v v
_ 732 0 0 0 0 3.1 3.2 3.2 0
1. )
5 v, =208, 0
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U(3 3)0 ~ =154 57 3Upy + 9V = 2Ug ) +30p 5 + 0 50 |t
U129 2095

0 0 0 _,0 0 0 0
Ugqp+tU3o9 U3y —Ugg Uyq Ugg + v4.1)
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Ve
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0
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V(216
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0 0
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2 2
0
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0 3.1~ Us.a 3.1 7 Us3 3.1 0
2 207 4 2vy 5 2vy 4
5 09, =209 v?
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=3 | =5 + 507, =307 5 — 209, + 305, + 0 ~ 5.0 )TV
2 V11 2095
0 0 0 0
v 20y, +4v v
_Uss 0 0 0 0 3.1 3.3 3.3 0
U1 9 Vg9
0 0 0 0 0 0 0
—0 274600 44 Usq—Usa UsitUss Usin , Ysn Uy
Vg1 Ul 1 U22 0 0 0 90 90
Ui Uio V31 U2 Us3
0
v 3
_ 1.1 0
0
) 3
_ ‘1.2 0
_ .0 0
= Uy, ( 1+vy 1)
_ 9,0 0 0
=20y, ( 1“‘"011"‘2’1.2) V3o — V33
3 3 vd, Wl
_ .0 0 0 0 3.1 3.1
=vzq |4+ ULt 5l * 0 ey it
Vi1 V1o
9 09 09
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=Uso D) +2071 + 3019+ 205, - 5= - 50 Vg1
V11 Vg9
9 09 vl
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Ui Voo
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) v v )
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Correlation functions in the orthogonal basis

The lirniting values of the CFs in the orthogonal basis in the limit of perfect

ordering, u) j» are:
0 _ 1. 0 _ 1. 0 _ 1. 0o _
uyq =-1; uy o =1; Uy = —1; Upg =1
0 _ 1. 0 _ 0 _-. 0 _
ugy =-1; Ugo =—1; ugs=1; uyq =-1
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The limiting first derivatives of the CFs with respect to ug, & and &, in the
orthogonal basis in the limit of perfect ordering, u(()i. 0 and u(()l.. J)er are:

u(()l.l)O = 0 u(()1.2)0 = 2 u(()2.1)0 = 0 u(()zz)o = 2
“(()3.1)0 =-1 U(()s.z)o =-1 “(()3.3)0 = 3 “(()4.1)0 =-2
“((]1.1)51 =-2; U?m)gl = 0 “(()2.1)51 = 0 u(()2.2)§1 = 2
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Wy = -1 wrae = 1 Uz, = =2 Uz, = 0
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0 — A0 0 . 0 — 40 0 0 0
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0 . 0 _N-
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0 0 0
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0 0 0. ,0 _ 0 0 0 0
U3)e6 = —4viy + 20y ; Wig1)e 6, = —dvuyq +4vi o+ 2055 = 209,
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A.2 FCC based ordered phases

A.2.1 Thermodynamics of L1, phase using tetrahedron -
octahedron approximation

The tetrahedron—octahedron clusters considered for L1, phase is shown in Figure
A.3 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.3.

Figure A.3: The tetrahedron—octahedron basic clusters in L1y phase along with the
sublattice sites designated o and f.

Table A.3: The clusters, their designations, multiplicities and the corresponding K-B
coeflicients (y; ;) for L1y phase using tetrahedron-octahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
aaBBBR(02)
(1,6,3,4,5,7) 9.2 1/2
Octahedron 33(01) 1
(6767870
(6,8,9,10,5,11) 9.1 1/2
aBBBB
(L&4ﬁj) 8.4 1
aafpp
8.3 2
Square pyramid (1,6,3,4,5) 0
aaaff
(6,8,9,5,11) 8.2 2
acaaf
(6,8,9,10,5) 8.1 1
cont ...
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cont . ..

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
i 74 1/2

Square aaif‘(lg? & ! 0
Gosan |12 !
(6?(80,[3,6110) 7.1 1/2
(Lans) 6.4 4
aap(02) 6.3 2

Irregular tetrahedron (1,6,3,4) 0
e :
( g‘ggi) 6.1 4

Regular tetrahedron (10? g,gi) 5.1 2 1
(36,5,’85) 46 2
") 45 2

Isosceles triangle Ozgg(,?ll)) 4.4 2 0
O‘E‘fégf) 4.3 2
| e |
(gigg) 4.1 2

aBp

Equilateral triangle (134 > ' -1

aaf 3.1 1
(1,2,3)

Ly 2.4 1

[I-n pair 6(65581)) 23 12 0
a?f,%))Q) 2.2 1/2
0‘?‘6(2)1) 2.1 1
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cont ...

Clusters | Ordered cluster | Designation | Multiplicity | 7;;
BB
(3,4) 1.3 1
I-n pai ap 1
N palr (1.3) 1.2 4
[67e%
(1.2) 1.1 1
p 0.2 1/2
. (3)
Point -1
«
0.1 1/2
1) /

The average composition of the system and the LRO parameters are related to the

sublattice point CFs as

Uy = (U0.1 + UQ_Q)/Q and f = (UQ_Q — Uo_l)/Q

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

0
1.5

771772771/8 771/8 T577
V1= VI o=y [
i, n UG

limit of perfect ordering, v; ., are:

6
77 771/16
2 1/16
91 = nz VT Wy = a3/ mmeng
1/16 3/2 1/4 1/4
o _ Ti2Ty S W0 = N3MsT7 Mg Ty
24 — ) 1~ )
N6 s 77177277(%
9 4 3/16 1/4 3/16
W0, = T M127137571779 0, = M2Ms"7g My
' nindng* ' Male
1/4 3/16 3/16
o _ TMsNrtg” Ty o _ TRTamlsnimy
Vgq = 3 Vg5 = S 14
7Tl 167
1/4 3/2 7/16
0o _ 775%773779/ 0 _ 77277?2,775/ 773779/ .
Us1= = 5 3 s Vg1 = 172 V1183
e g7
3/2 7/16 3/2 7/16
o menind nzng " o i tnznd"
Vg3 = 3 5/2 ) Us.q = 5 /2 )
Mme /18 mnsms /78
3/8 3/8
ﬁzzﬁﬁﬁ%/J} ﬁg_%ﬁ%ﬁ%/
' nining ’ ning\/Ms
5/8 5/8
W0, < B o s
‘ nane ’ ‘ nining
5/8 9/2 3/2 15/16
v%_%%%@%/ @1_@%m7hn9 ,
8.4 — i 1~ 9
1376/ s ningng

A-10

g’
Wy = Vs
2. 3/
37
1/16
o _ T27eMy Uk
Upg=——5 [ —
U s
3/2 1/4
o sy
U3.2 - 9 1/4
mnN3Ms"Ns
3/16
o _ T27als17T)g
Vg3 = 5 1/
UARUUE
1/4 3/16
N
Uy = 1.3
N3
3/2 o 7/16
T2ns N7n
Ug.2 = E; 5 75/92 V e
MnNy"e
3/8
L0 = BT
71~ 4,4
Ut
3/8
Uo_%@%%ﬁ%/
74~ 8 4
N37g
5/8
Uo_%%%ﬁ%/
8.3 7 4,4
MNeTls
9/2 15/16
o0 = T g
. 3/2
iy



The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, U?i. )0 and v?z.. j)es are:
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

ordering, u, j, are:

uy = 1 u?.g =-1; uy 5= 1; ug.l = 1
Ug 2= 1 Ug:s = L u(2).4 = L ug.1 = 1
uz o =—1; Ug.l =-1 Ugg= 1 Ug.a = 1
Uy 4 = —1; u?L5 =-1; Uyg = 1; ug.l = 1
ugq =—1; Ug.z = L Ug.:), = L Ugy = -1
uz = 1 Ug.z = L uzg= 1 uzy= 1
ugy = 1 “gz:_la ug.3— L; ugy =-1
ugq = 1 Ug.z = 1

The limiting first derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, u(()i. o and u(()l.. Jyer are:

u((]l.l)o = =2 u(()1.2)0 = 0 u(()1.3)0 = 2 u(()2.1)0 = -2
u((]zz)o = -2 u[(]2.3)0 = 2 u[()2.4)0 = 2 u?&l)o =-1
“(()3.2)0 = -1 “(()4.1)0 = 3 “(()4.2)0 =-1 “(()4.3)0 =-1
“((]4.4)0 =-1 u[()4.5)0 =-1 “[()4.6)0 = 3 u?5.1)0 =0
u(()6.1)0 = 4 “[()6.2)0 = 0 “(()6.3)0 = 0 “(()6.4)0 = -2
u((Jm)o = -4 u[()7.2)0 = 0 “(()7.3)0 = 0 u‘()7_4)0 = 4
u(()S.l)O =-3; u[()sz)o = L “(()8.3)0 = L “(()8.4)0 =-3
u((]9.1)0 =-2 u(()9.2)0 = 2

and

Uline = 2 U12ye = 2 Ulrae = 2 Ulae = 2
Ulpaye = 2 Ul = 2 U= 2 Ul e = 3
U 2¢ = =3 Wa1ye = =3 Uz = 3 Uz = 3
Ulsape = =33 sy = =3 Ulee = 3 UG = 4
Usye = 4 Uz = 4 Uae = 4 U aye = 4
Urne = 4 Ulraye = 4 Ulraye = 4 Ulrape = 4
Ulsae = 5 Us.zpe = =55 Uz = 5 Us.ape = 5
e = 6 Uyze = O
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The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()l.. 100> u(()z.. )eo and u(()i. eer Are:

u((]l.l)oo =20 y; u(()1.2)00 =209, u(()lAB)OO - 21}?'3

u(()2-1)00 - 27}(2)-1; “(()2.2)00 = 2“3.% u?g.g)oo = 21}8_3
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Waayoo = ~401 1 — 20555 Us2y00 = ~407 2 + 203 5 Upap00 = ~407 o + 205
U(()4.4)00 = 4v7 5 - 2v33; “[()4.5)00 = 4f 5 — 209 ; “(()4.6)00 = ) 5 + 23,4
u(()al)oo =207 — 8v) 5 + 207 5; u(()ﬁ.l)oo = =400 | + 607 , - 209

U ay00 = 2001 — 8ulp + 205; U(s.ay00 = ~8VTa + 201 5 + 203

Us.ayo0 = 6V 2 = 407 3 = 203 4; Wr1y00 = SUT1 + 405,

u(()7~2)00 = =80} 5 + 2051 + 20y 3; “(()7.3)00 = =8ul 5 + 2055 + 203,

0 _ Q.0 0 .
U7 )00 = SV13 + 45 45

0 2,0 0 0
U 1y00 = SUL1 — 8V o +4v5

0 — A0 0 0 0. 0 _ 0 0 0 0
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u(()8.1)§0 = —8u) | —4uy;

0 0 0.
Ug )0 = ~SV13 = 4V
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0 0 0 0.
Ugg1yee = —4011 =6V =205 3
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Us3)ge = SULg + 201 3+ 2Ug 55

0 0 0 .

Uz 1)ee = SUT1 +40a3;

0 0 0 0.
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A.2.2 Thermodynamics of L1, phase using tetrahedron
approximation
The tetrahedron cluster considered for L1, phase is shown in Figure A.4 and the

details of the (sub-)clusters, their designations, multiplicities and K-B coefficients are
given in Table A.4.

Figure A.4: The tetrahedron basic cluster in L1, phase along with the sublattice sites
designated a and .

Table A.4: The clusters, their designations, multiplicities and the corresponding K-B
coeflicients (; ;) for L1, phase using tetrahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
aBpp
Regular tetrahedron (1.2,3.4) 3.1 2 1
ppe
' . (23.4) 2.2 2
Equilateral triangle 0
abp 2.1 6
(1,2,3) ’
pp
| (2.3) H ’
[-n pair B -1
1.1 3
(1.2)
p 0.1 3/4
: (2)
Point o )
0.1 1/4
(1) /




The average composition of the system and the LRO parameters are related to
the sublattice point CFs as

Ug = (Uo.l + 3UO2)/4 and 5 = (u0.2 - Uo,l)/z

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v; ], are:
1 m 1 7} 1
0 0 0 0 1 0
v = , v ) = ’ v . = ’ v i = 7 v ) =
S UNGE Y s S g S nang g3

The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v(()i_ 0 and U?Z-_ jyes are:

0  _o9,0 0 0 0
U(1.ayo = 2014 (_1 tUL T U1.2) —2v5,

0 _.,0 0 0 0 0
U(1.2)0 = V1.2 (_1 —2up, + 3“1.2) T VU1~ Va9

3 09 Ty v?
0 0 0 2.1 2.1 ~ Y29 3.1
v g =09 | =4+ =00 +5u), 22t ¢ 2L 22 3
(2.1)0 = V2.1 ( 511 1.2 U?J 21)?.2 5
9 vl -8 09
0 0 0 0 2.1 ~ Y29 3.1
v =0 -2 — =07 + 60, + 3222 | 4 2=
0 0 0
) V9, —
0 2.1 2.1 " Y29
0?0 =300, -2+30, - 2L 4 21 722
(3.1)0 = °Us1 ( 127 79 0 )
Uy 207,
and
=00, (=2 + 209, + 9 ) 09
(1 )¢ = V11 1.1 T V12 2.1
0 0 0
v 3vs, + v
V1.2 0 0 2.1 T V29
U(l 2)¢ = ( 5+06vy, + 3”1.2) T o
0 0 19 o 5 o vy 3, +ud, V3
‘ 4 2 (] 4@1 9 4
3 309 +9 3
0 0 0 0 2.1 T V59 0
22)¢ =~ 12 . ) v?.z !
0 0 0 0
W0 =900 (<1400, + Vig  Uyy  3Up s,

Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

ordering, u) j» are:
0 __1. 0o _ 1. 0 __1q. 0 _ 1. 0 _
uyy = -1 upp= 1 Ugy = =1 Uy = 1 uzy = -1

The limiting first derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, U(()@'. ;o and u(()l.. Jyer Are:

U'((Jl.l)o = 0 “(()1.2)0 = 2 u(()2.1)0 =-L “?2.2)0 = 3 “(()3.1)0 = -2
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0 _ . 0 _ . 0 _ . 0 _ . 0 _
Uraye = 2% Uiz = L Uene=T3 Ueae= 5 Uene= 3

The limiting second derivatives of the CFs with respect to uy and £, in the orthogonal
basis in the limit of perfect ordering, u[()i.j)007 “(()i.j)go and u?i.j)f{’ are:

Wi 1yo0 = 2V04; U200 = 2012 Wa1y00 = 4071 =207
u((]z.z)oo = 607 5; u(()g.l)oo =60y, - 607,
Uryeo = ~01a3 U1.2)¢0 = V125 Uy 1ye0 = —205 1 =175
u(()2.2)§0 = 307 5; u(()3,1)§0 = =307 = 3v),

0 0
U = —gv?,l; U2y = %; Uy1yee = —30Y1 - %
u(()2.2)g§ = ;U?Q; “(()3.1)55 = _—91)?.1 42— 3U1,
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A.2.3 Thermodynamics of L1, phase using tetrahedron -
octahedron approximation

The tetrahedron—octahedron clusters considered for L1, phase is shown in Figure
A.5 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.5.

Figure A.5: The tetrahedron—octahedron basic clusters in L1, phase along with the
sublattice sites designated « and f.

Table A.5: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (7, ;) for L1, phase using tetrahedron-octahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7;;
BBBBBB(02)
(1,3,4,5,6,7) 9.2 1/4
Octahedron 5355000 X
aQ
(8,10,5,6,9,11) 9.1 3/4
pBABs
(1,3,4,5,6) 8.3 3/2
Square pyramid (8?5?5,5,?1) <2 32 .
aafpp
(8,10,5,6,9) 8.1 3
BBBB(02)
(1,4,5,6) 7.3 3/4
S BpBB(01) .
e (5,6,9,11) 7.2 3/4
aafp
(8,10,5,11) 7.1 3/2
cont ...
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Clusters Ordered cluster | Designation | Multiplicity | 7, ;
BBAs
(1.3.4.5) 6.3 3
Irregular tetrahedron (ggﬁg ) 6.2 6 0
aafp
(8.105.6) 01 ’
Regular tetrahedron (fj Qﬂgi) 5.1 2 1
BBA(02)
(1.3.6) 4.4 3
BpB(0O1) 43 3
Isosceles triangle (5,6,9) '
abp
(8,5.11) 4.2 3 0
aaf
(8.10.5) 4.1 3
pBa
(13,0 > ’
Equilateral triangle -1
abp 3.1 6
(2,1,3) ’
Bp(02)
16) 2.3 3/4
i 01
II-n pair 5@)511)) 2.2 3/2 0
[670%
(5.10) 2.1 3/4
s
(1,3) 1.2 3
I-n pair 3 1
[0
2.1) 1.1 3
p 0.2 3/4
. (1)
Point -1
«
0.1 1/4
@) /

The average composition of the system and the LRO parameters are related to the
sublattice point CFs as

up = (ug1 +3up2)/4 and &= (up2—up1)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v} j, are:

1/8
n n7ns 1/8  [MeN77)8 1/16
V= [ ol = ming Sy [ V31 = /sy
mns M57l6 M5
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1/16 9 3/2 5[4 1/4

21, 1/16 iy Mg 7
vy = ——/7; 35 = /sy s v, = L
UGG 771773775
6..3/2 3/4 1/4 3/4 3/16 3/4 3/16
ng 771774777 Nlg Mo vfil _ 772774777778 U ?J22 _ 772774777778 Mo
' UEYE ' 31576 ' 31576
5/4 3/16 3/4 3/16 3 3/2 1/4
0 7717727]4776777778 U 0 7717727747767]7778 U 0 774777778 Mg
Vg3 = v Ugq = ; Us1 =~ 43
UH s 773775
9 7/16 5 /16 7/16
0 772774777778779 . 0 772774777778779 ) 0 771772774 77777 Mg
L R YT — V2= =3 V6 Vg3 = 5 3/2
771773775 V16 771773775 773775 Ve
9 3/2 3/8 9 3/8 3/8
0 772774777778 My . 0 771772774776777778779 . 0 _ 7717727747]7778779
V71 = 4.8 92 9 y V7o = ) V73 = 2
37576 n UE
3 5/8 3 7/2 5/8 9 143 3/2 5/8
0 772774777778779 . 0 772774776777778 Ny 0 771772774 777778 g
Us81= " 183 Ugo = ; Vg3 =
URUEUR 773775 773775776
9/2 9/2 15/16 18.9/2 3/2 15/16
081 _ 77277477 N7 Mg Ty . 2)82 771 7)2774 M7 Mg Tlg
ninan; L mEMENG

The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v?i_ 0 and v?i_ jyes are:

0 0 0 0 0 0
Y11y = =07, ( 24200 + 2005 -3 + 712.2) — 203 + V41 ~ Uy

0 0 0 0 0 0
U(1 2)0 = =075 (=3 =200 + 507, + v, + 02.3) T V31~ U327 Vi3~ Vsy

U(z 10 = 712 1 ( 1+40), - 03.1) - 209,
“(2 20 = ( 1-207 + 20, + ng) + 8y~ Vg3

0 0 0

0 _
v?3 o = % (—11 £ 300, + 1200, — 309, + 400, + 200, — 23

V11 V1.2
0 0
U517 Y%a1 o
5 6.2
0 0
) 3v 6v v 3v
0?3 2)0 = B2 13- 91}?.1 + 182}?.2 + 61)8_2 + 3@3‘3 FR 5 5 4.3 5.1 6.3
: 2 (o 2
3 209, =09, +09 vY
0 _,0 0 0 0 0 31 " Vi1t Vg9 0 7.1
V(g1yo = Vaa | =4+ 501, + 3015 — 205, + gl22~ 20 V1T
1.1
3 209, — 09+ 09
0 _ 0 0 0 0 0 31 " Vi1t U9 0 7.1
1.1
3 09, + Y 09
0 0 0 0 0 0 32T Viq 0 7.2
V(g.3)0 = Va3 | =6 = 3v11 +9vio + 5v22 + 2053 -2 20 t U~ 5
1.2
3 vy, =09 09
0 _ 0 0 0 0 0 31~ Vi3 0 7.3
V(gayo = Vaa | =0 =41y +8uiy + 2055 + 523 + Q—Uo V63T
1.2
3 ), —208, Y
0 _2.0 0 0 0 0 6.1 62 Y3
Vis.1)0 = 5.1 | 0+ 601 — 31 + 2055 + U535 + 0 -0
2 3.1 V3.2

0 0 0 0
vy, =Y+ v v
0 0 0 0 0 0 30 " V41 T Vg0 Usy Usg 0
U(6 10 = Y1 =8+ D501 + 01 5 =30y + 33Uy + Vg3 =2 0 — "o ) Usa
V11 Vr2 V31
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0 0 0 0 0
205, —3v5, + 304, V3o +2u4,

0 _.0 0 0 0 0 0
Vig.2)0 = Vo.2 | =9 +vi1 + 10015 — 205 + 3035 + 2053 - 590 0
1.1 1.2
0 0 0
Us.1 Vg1~ VUga
0
U3 2
209 =509, Y
0 _.0 0 0 0 0 3.1 4.3 5.1 0
1.2 3.2
209 =00, + 00
0 _.0 0 0 0 0 3.1 " V41 T V4s9 0
V11
0 0
v + v
0 _.0 0 0 0 0 3.2 T Uy 0
1.2
0 _ .0
00 g0 = 005 [ <9 = 800, + 1200, + dud, + 20, + 431 T3 | _ 0
(7.3)0 = V7.3 1.1 1.2 2.2 2.3 0 8.3
Ui
9 209 — 309, + 309 09
0 _.0 0 0 0 0 0 3.1 4.1 4.2 4.4
V(g1 = Us.a | =12+ 901 + 1y, —4dvg y + 5“2.2 + 2053 — 0 —-2=
V11 Ui
0 0
Us1 Vg1
—2-21) -
V31 2
5 vl =0l 209, + 409 v? 09
V0 v = 08 | =14 + 1600, — =09, + 409, + 4vd 5 + 22 42 732 44 _9 51}y 91
(8.2)0 8. . 2 3 UO 00 00 9
1.1 1.2 3.1
5 209, — 89 0 09
0 _.0 0 0 0 0 3.1 4.3 5.1 9.9
Ui V3o
00 0 0 0
W00 17 400 1600, — 500 + 600, + Al + 4L Y2 g Ve U
(9.1)0 = Yo.1 1.1 1.2 2.1 2.2 2.3 0 0 0
V11 Ui V31
0 0
v v
0 _.0 0 0 0 0 4.3 5.1
1.2 3.2
and
0 0 0
v v, +v
U1y = —;1 (-8 +8v0; + 200, + 303, +09,) -0, - —4'12 4.2
0 U 1 0 0 0 0
Vi1.2)¢ = T ( 7+ 61}1 1+ 51}1 9+ v2 9+ Uy 3) 5 (31)3.1 + U39+ Vg 3+ U4_4)
0 —”gl(5+4 +300,) - of
Y2.1ye = 9 vy g+ 305, ) —vi,
0 0 0
v 31} +v
0 2.2 ( 4.2 T Vg3
(2.2)¢ = 2 9
0
)
0 2.3 0
Vs = ( 3+ 4], + vy 3) Vg4
0 0 0 0 0 0
v Ve, + 307, +v V4 o+ 20
0 3.1 3.1 41 1T Ugo 3.2 4.4
v v
1.1 1.2
1
3 309 + 209 3
0 _9.0 0 0 0 0 3.1 4.3 0 0
U(s.2)¢ = sz.z —11+9vi, +6v7 5 + 2055 + Vg3 - T (1)5.1 + U6.3)
1.2
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0 0 0 0 0 0
v 3 209, + 303, +v 204, +v
0 U 0 0 0 2.0 _ “Ysy 4.1 T V50 4Va T U7g
Vig1)e = B3 16 + 1307 | + 3v7 5 + 605 + 2112‘2 w0 1
9 209 + 309 +9 209, + 309
0 0 0 0 0 0 3.1 4.1 7 Y40 6.2 7.1
v =V o | -8+ Tv] | +20) 5+ V51 + V54 — -
(4.2)¢ . ) 2% 70 . 21}81 1
0 0 0 0
WO =0 7o gvo N gvo N §U0 0. VB2 V54 Ougy + U7,
(4.3)¢ = Va3 SUL1 T 5lLa T 422 T U3 0?2 1
3 309 + 9 209, + 9
0 _.0 0 0 0 0 3.1 7 Vg3 6.3 7 Ur3
Vig.aye = Vaa | =7+ 601 + 4015 + 055+ —05 5 = 0 -
4 v 4
1.2
3 300, +200, Y
0 _9.0 0 0 0 0 0 6.1 6.2 6.3
4 U3 Uz
0 0 0 0 0 0 0
v vy, + 308+ v ) )
0 _ Usa 0 0 0 0 0 3.1 4.1 7 Yy 4.4 5.1 8.1
2 v v v 2
1.1 1.2 3.1
0 0 0 0 0 0
v 20d, +9v), +3v 203 5 +4v
0 _ Ys.2 0 0 0 0 0 3.1 4.1 4.2 3.2 4.4
V11 Ui
0 0 0
U5 1] 3Usa tUss
v3 1 4
0 0 0 0 0
v 6vs ; + Hv ) v
Voaye = 22 [ <26+ 2100 + 1300, + 509, + 200 5 - —2L—43 321 ) 23
(6.3)¢ 1.1 1.2 2.2 2.3 0 0
2 Uy, U3 9 2
0 0 0 0 0
v 4ud ; + 605, + 20 v
0 7.1 3.1 4.1 4.2 S.1
Viraye = 5 27+ 2209 + 600, + 909, + 309, — 5 LS
2 2
V11
23 9, + 9 3
0 _.0 [_#4° 0 0 0 0 _oUs2TUig) 9 o
Y(7.2)e = V7.2 ( 5 +6u1 +8U1y + Vg5 + 20y 3 2—1)0 5 V8.2
1.2

25 609, + 209 vg
0 _,0 0 0 0 0 3.1 4.3 8.3
Ursye = V3| =y + 1207 + 6075 + 2095 + V53 - 0 s
Ul.2

0 0 0 0 0
v 4v3 , + 18vY, + 6v )
0 _ Ysa 0 0 0 0 0 3.1 4.1 4.2 4.4
4 v v
1.1 1.2
0
Usa ) _ Y9a
0
(O 4
15 300 +0%, 09, + 200
0 _ .0 0 0 0 0 0 4.1 4.2 3.2 4.4
V11 Ui
0
_Ua)_3.0
0 9.1
Vg, 4
5 309 + 409 0 00
0 _ .0 0 0 0 0 3.1 4.3 5.1 9.2
V(s.3)e = V8.3 -19+ 1507 ; +9v] 5 +4v5 5 + 102,3 -——— -3 - e
U129 U39
5 15 609, + 209 Y 9
0 _ .0 0 0 0 0 0 4.1 4.2 4.4 5.1
V11 Ui Vs
3 09 v?
0 _2.0 0 0 0 0 4.3 5.1
2 Ui9 U39
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

0

ordering, u; ;, are:

U?.l =-1 U(l).z = 1
ups= 1 uzq =-1
Uyo=—1; upg= 1
ugy = 1 U8.2=—1,
u(%g = 1 Ug.:ﬂ = 1
ug.a = L U8.1 = 1

Ug.l = 1 ng = 1
Uga = 1 UZJ = 1
u2.4 = 1 Ug.l =-1
Ug.s = L Ug.l = 1
Ug.l = L Ug.2 =-1
ug.z = 1

The limiting first derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, u(()i. 0 and u(()i. J)er are:

“?1.1)0 = 0 u(()1.2)0 = 2
u(()2.3)0 = 2 “(()3.1)0 =-L
“((]4.2)0 = -1 “(()4.3)0 = 3
“(()6.1)0 = 0 U(()G.z)o =2
“((]7.2)0 = 4 u(()7.3)0 = 4
“?8.3)0 = 5 U?g.l)o = 2
and
ULnye = 2 Uz = L
5)
0 _ 9. 0 __2.
Uz = L Uane = 7y
5 3
0 _ 2 o _ 9.
Yae= Ty Yane= o
Ulne = & Usze = 3
Ulrae = 2 Ulraye = 2
5)
0 _ 2. 0o _ r.
U3 = o Ugg.npe = O

u[()2.1)0 =4 u(()2.2)0 = 2
“(()3.2)0 = 3 u(()4.1)0 =-1
0 _ A 0o _
Ug.a4y0 = 3; Us.1y0 = -2
“(()6.3)0 = 4 u(()m)o = 0
u(()8.1)0 = L u(()s.z)o =-3
0
Uy = O
0 _ a. 0o _
Uoaye = 3 Uoaye = 1
3 7
o _ 2. 0o _
Ui2e= o Yane= 5
3
0 _ 2. 0 - _
Uaae = 5 Us.1ye = 73
0 _ 9. 0o _
Ueae = 2 Urne= 4
9 7
o _ 2. 0o _
Yene™ o Ys2)e =7y
0
Ugz)e = 3

The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()z'.j)O()?u(()i.j)g and u?i.j)&, are:

u(()l.l)OO =200 y;

u(()z.z)oo = 2095;

u(()3.2)00 = 607 ,;

u(()4.3)00 = 400 5 + 209 5;

“(()6.1)00 = —8u) ) +20] 5 + 209 ;
u(()7.1)oo = =800 | + 209 + 209 ;

0 _ 0 0 0 0 .
Ug 1y00 = ~1201 +4v1 + 2051 + 205 5;

u?1_2)00 = 200 5;

u(()2.3)00 = 2033

“(()4.1)00 = —4o? | - 209 ;;
u?4.4)00 = 400, + 203 3;
u?6.2)00 =607 ) — 4005 — 209 ;
u(()7‘2)00 =80, + 403 5;

0 @0 0 0 .
U(g.2)00 = V11 = 8VIp = 4vg 9
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“(()2.1)00 = 209

u?S.l)OO =47, - 207,
“(()4.2)00 =400 ) - 209,
u(()s,l)oo = 607 | - 607
U?G.S)OO = 10075 + 205 5
“(()7.3)00 =80, + 4y 5

0 — 16,0 0
Ugs.3y00 = 16075 + 403 3



0 — 0 0 0 0 . 0 _ 0 0

“?1 1)¢0 = SRE

u(2 2)¢ = = Vg 5;

“(3.2)50 = 307 5;

“(()4.3)50 =207 5 + V3 5;
u((JG.l)go =4a) ;) + 075 =303 4

0 A0 0 0 .
u(? 1)eo = 4v11 = 3vz1 + V393

0
“(8 1)€0 = = 60, +207 5 — 309 + 09 5;

u(9.1)§o = 8uY | +4v] 5 - 3v9; + 209 5;

and

0 __2.0.
Uage = "5V

0
_ Y,

Uz z)ee = 5
3 0.
“(3 2)ee = 2”1 2
0 0 , Y22,
Ug3)ee = V12 T 5
0 0
0 a0 L Uigt 9y,
U 1yge = OULL + — 5
9'08_1 +0Y,
“(7 1)¢e = = 607 —2 ;

0 0
o , sy +Ug,

0 0
Ucg 1yee = 11 + V1o + 7

9 3
0 0 0 0 0 . 0 _ 0
Ug.nyge = 12V11 + 2005 + SV + Vg 07 Ugggpee = 6V, + SV

0 — 0 .
u(l 2)¢0 = V1.2

0
u(2 3)e0 = V2.3

0.
u(4.1)5 =207 1 = 3vh ;5

0 —_ 9,0 0 .
Uiy )0 = 2V1 + V23]

0 0 0
Ug.2)e0 = ~3VLL = 2U1p =

0 40 0 .
U7 9)e0 = V1o + 20553

0 0 0
Ug )0 = ~4V1.1 —4v1 5 —

0 0 0

0
Ui

)

0
U(1.2)e¢ =

<
w

2
0 5
U23)ee = 7o
0 0 0 .
Uiy 1)yee = V11 T 5 V2.8
0

0o , Y23,
u(44)5g‘“12+ 5
w0 _ _97]1.1 + 09, 3
(6.2)¢€ = 5

0 0 0 .
U72yee = 201 5 + Vg 9;

0 0 0
Ug 2)ee = ~0VI1 = 2015 —

0
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0 0 0
Uy 1ye = —3UL1 — 3ULo
0 5,0 0

Ug.3)e0 = OV12 T V2.3
0 0 0

u(7 3)¢0 = 407 5 + 40y 4

u(s 3)€0 ~ = 8u) 5 + 209 5

9
0 _ 7.0
Uyee = 5021
0
0 _ 0 Ui9
Uy 1yee = ~3VL1 = BN
0
0 _ 0 Vg9
Uy 9)ee = V11 — R
0 909 | + 309,
(5.1)¢¢ 5
w0 _ 500 5 + 03 4
©3ee= " o

0 0 0
U7 3yee = 2079 + Vg3

0 0 0
Ug 3)ee = A1 + Vo3



A.2.4 Thermodynamics of L1; phase using tetrahedron —
octahedron approximation

The tetrahedron—octahedron clusters considered for L1; phase is shown in Figure
A.6 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.6.

Figure A.6: The tetrahedron—octahedron basic clusters in the L1; phase along with the
sublattice sites designated o and f.

Table A.6: The clusters, their designations, multiplicities and the corresponding K-B
coeflicients (v, ;) for L1; phase using tetrahedron-octahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7;;
aaafpp
Octahedron (1,3,5.6.8) 9.1 1 1
aaBpp
(1,5,4,6,8) 8.2 3
Square pyramid 0
aaapp 8.1 3
(1,3,5,4,6) '
aafp
Square (1.3.6.8) 7.1 3 0
aBpp
(1.4.6.8) 6.3 3
[rregular tetrahedron ( fgﬁ% ) 6.2 6 0
aaa3
(135.6) 01 ’
cont ...
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cont ...

Clusters

Ordered cluster | Designation | Multiplicity | 7, ;
aBpp
(5.6,7.8) 5.2 1
Regular tetrahedron 2
caof 5.1 1
(1,2,3,4) )
aBp
(1.4.8) 4.2 6
[sosceles triangle 0
aap 1.1 6
(1,3,6) ’
pBs
(16:8) A '
aBp
3.3 3
Equilateral triangle (1,4,6) -1
aaf
aox
(1.2.3) 3.1 1
[I-n pair ((11,2) 2.1 3 0
s
(3.4) 1.3 3/2
I-n pair (T‘Z) 1.9 3 1
[676%
(1.5) 1.1 3/2
b 0.2 1/2
. (4)
Point -1
«
0.1 1/2
0 /

The average composition of the system and the LRO parameters are related to the

sublattice point CFs as

Ug = (UO.I + U/O.Q)/2 and

&= (uo2—uo1)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CF's in the sublattice solvent bases in the

limit of perfect ordering, v?

2
W0 = mny N7

1'1_\8/779 N5M6Ns
o _ Vi |
V21 =767

279

3/2 1/4

0 _773777 778 .
v3.3_ 9 1/47

TN "Ns7g

.57

are:

o L [nem,
U1.2_ 1/8 )
MMy Us

3/2

0 _77%773772777/ )

U3.1 - 3/4 1/4 )
N5Mg  Tg

3/2 3/4

0 _77?777/ 778/ .

U3.4 - 6 1/4?
113747579

A-29

' 7]277;/8 V 7576

3/2
0. = 772777/
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vl _—mn;/z/m; Ug.1 :—277227]%/4; ng :—67]?2’277%/4
12147579 137579 4579
Vg1 = 3/2 iy 7716 Vgs = 173{;{277_67/16; Vg = 2}27%778 7/16
M5 Ta~/M678Mg mn21s’ N N5 /M6y
o, = = E g, T
AN 53/ T8N, RN
9/2
Vg1 = 3 27 15/16
T271579

The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v?i. )0 and v?i. e are:

0 _ .0 0 0 0 0 0 0
0 _ 9,0 0 0 0 0 0 0
Ya.2)0 = 2v7 4 (_U1.1 + U1‘3) T U39~ U337+ Ugq = Vg9
0 _ .0 0 0 0 0 0 0
V.30 = V1.3 (1 — 4y + 3073 - 2“2.1) +Ug3— U3+ 204,

0 _.0 0 0 0 0
V2.1y0 = V2.1 (—U1.1 + U1.3) T U1~ Vg2

0 0 0 0 0
v vy, =20 v, + 30
0 _Usa 0 0 0 3.1 4.1 5.1 6.1
2 vy 2
0 0 0 0 0 0
) Ve o + 20 Va—Uyq +0
0 _ U2 o9 .0 0 0 0o _Uso 41 U3~ Vi1 1T Vg9
V(3.2)0 = 3 3—8uy 1 + Tv] 4+ 6v] 5 + 30y, 0 2 0
1.1 1.2
0 0
+ Uit U L0
5 6.2
0 0 0 0 0 0
v Vo +Uy, =V Ve 5 + 20
0 _Y33(a 0 =0 0 9,0 3.2 T Vi1~ Vs 3.3 4.2
Y30 =T 3-6vy; —Tvy o + 8013 - 30y, +2 20 20
1.2 1.3

0 0
_UsotUss o

5 + Vg.2
0 0 0 0 0
v ) Ve, + 30
0 _Usa (e 0 0 0,0 _aY4"VYs2 5.2 6.3
V(3.4 = 3 5= 1507 5 + 1207 3 —9vy, - 3 5 5
Vi3
0 0 0 0 0 0 0 0
v Ve, —Vgo — 20 Vo —Vsgq+tUs, —V
0 _ Ysga 0 0 0 0 3.1 ~ U3 4.1 3.2 " VU333 T Vg1 = Ugo
V11 U129
+ 1 (vo — Vg o —V )
5 W61~ V6.2~ U7
0 0 0 0 0 0 0 0
) Vs o—Vga+0V3, =0 Vg o— Vs 4 +20
0 _ Ugo 0 0 0 0 3.2 " V33T Vg1 7 Vg0 3.3 " V34 4.2
Vig2)o = o (2 —4viy —6viy +8vy 53— 3vp, + 0 + 0
2 V19 Ui3
1
0 0
+ BY (U6.2 Vg3 + U7 1)

0 0 0
Vg1 | Ugq — Vg9

0  _a0 0 0 0 0
Vis.1y0 = SV | 1 = 2071 + 2015 + V13 + V51 — 55 0
2vu3 4 203 4

0 0 0
Vgs . 2Ug0~ Vg3

0  _a0 0 0 0 0
VU(s.2)0 = SVs | 1 =011 =201+ 2013 -1 + 75 0
2vug4 235

0 0 0 0 0
Uzq =3Usq  U33=Uyq+Uss Uy

0 _,0 0 0 0 0
Vie.1y0 = V6.1 | =3 = Tv11 + Tvig+ 3013 +4dvg, + 0 0 920
V11 V1.2 U1
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U?@’.z)o =

0o _
Y6.3)0 =

0
Yr.1y0 =

0
Y1y =

0
Vg.2)0 =

U?Q.l)o
and

0
Ve =
V(2)e =

0
Y(3)e =

0
Ve =

0
V(3.1)e =

0
V3.2)e =

0 _
U3y = 75

0

v
5. | .0
0 0 0 0 _ .0 0 _ 92,0 0 0
Ug.1 0 0  Uso+204y U35—U35+305, —3U5y  Usst 205,
53 —10vy ; + 1007 5 - 5 + 5 + 5
v v v
1.1 1.2 1.3
0 0 0 _,0
Y51 _ Us2], Usi”Uso
U??z Ug.s 2
0 0 0 0 0 0
Veo+V) -V vy, =3V v
vgs |3 =300 = Toly + Toly — 4oy ) + 22 é'l 12 34 0 2 5(')2
V1o U1s 2034
0
)
5 22 | 409,
v
3.4
0 0 0 0 0 0
v v, =0, — 209 Vo —UVUaatU),—0
;.1 —10@?.1 + 101]5).3 4 a1 302 4.1 oUs2 " Us3 i 4.1~ Ygo
v v
1.1 1.2
0 _ .0 0 0 _.,0
Vg3 —Usy + 204, Vg1~ Vgo
+ 5 +
vy 4 2
0 0 0 0 0 0
v vy, — 6V 204 . —4v) , +4v
SL-4-160), + 80, + 1200 5 + Bug, + 2 —2L =33 Al 42
2 ' ' ' ' U1 Uy 9
0 0 0 0 0 0
U3z +2U45 U5y  oUsi Usa) Uy
0 0 0 0
U1s U3 Us2 Uss 2
0 0 0 0 0
) V9, + 20 vy, — 6V
22141200, - 8, + 160 5 - Hof, - 221 - 34— 42
2 ' ' ' ' Ui g V13
0 0 0 0 0 0 0
+ 2ug5 +4vy, — 4y, L 51 ol Usa Y9.1
0 0 0 0
) V3.2 Uss Usy 2
0 0 _,0 0 0 0 0 0
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

0

ordering, u; ;, are:

upg = L u[l).2=_]-a
uzq =-1 uzg = 1
gy = 1 U2.2=—1a
ug.l = -1 uga = 1
ug.l =-1 Ug.z = 1

uyz= 1 upq =1
Uz g =—1; uzq= 1
usy = =1 ugy = -1
ugs = —1; uzy = 1
ugy = -1

The limiting first derivatives of the CFs with respect to uy and £ in the orthogonal
basis in the limit of perfect ordering,u((’i. 0 and u(()i. Jyer are:

U(l),lo =-2; U(l)zo = 0
Ug.lo = 3 Ug.Qo = -1
Ug.lo =-1; uZ.QO = -1
Uglo = 2 Ug.zo = 0
Ug.lo = 1 ngo = 1
and

U?Jg = 2 “[1).25 =-2
“g.1g =-3; Ug.zg = 3
Ug.lg = 3 Ug.zg =-3;
Ug.1§ =—4; ug.zg = 4
uglg = —-9; ug% = 9

u(1).30 = 2 Ug.w =0
Ug.:%o = -1 Ug.40 = 3
Ug.lo = 2 Ug.Qo =-2
U(ﬁ).:zo =-2 ug.lo =0
Ug.lo =0

“[1).35 = 2 u8.1§ =-2
Ug.zg =-3; Ug.4§ = 3
Ug.lg = —4; Ug.zg =—4
ug.gg = -4, U9.1g = 4
Ug.lg =-6

The limiting second derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, u(()i.j)omu?i.j)g and u(()i.j)&, are:

0 — 9,0 . 0 — 9,0 .
Uy 1y00 = 2V115 Uy 2)00 = 2V1.25

0 — _(a0 . 0 — 0 _ 2,0 .
u(3.1)00_ 6”1.17 u(3,2)00_201.1 47)1.27

u((]4_1)00 =207 1 = 207 5 — 209 ;

u?S.l)OO = 6v) , — 609 43

“((]6.1)00 = =607 | + 407 5 + 20 3
“((]6.3)00 = 4du) = 607 5 + 203 35

“((]8.1)00 = =607 ) + 805 — 207 5 + 403 |5

0 — a0 0 0 0
Uy 1y00 = ~6vV1 1 + 1207 5 = 6vy 3+ 6vy

0 _ 0 . 0 -0
Ui ygo = ~20115 Ur2pe0 = 05

0 — a0 . 0 _ 0 .
U3 1y¢0 = OV113 U32)e0 = ~2U1.15

0 _ 0 . 0 _ 0 .
Ug1ye0 = =207 1; Uy 2ye0 = =207 33

u(()l.S)OO = 207 5; “(()2.1)00 = 2uy,
u(()3.3)00 = 4v7 5 = 207 5; u(()3.4)00 =6l s
u(()4.2)00 = 2075 = 209 5 + 209,

u(()s.z)oo = 6vY 5 — 607 5

u(()6.2)00 =207 = 6vY o + 207 5 — 23,
u(()7.1)00 =207 — vy + 207 5 — )

0 _ 9,0 0 0 0
Ug 9y00 = 2011 = 8V o + 607 3 — 4y,

0 _ 9,0 . 0 _
U13ye0 = 207 3; U2.1ye0 = 0
0 _ 0 . 0 .0
U3 3)e0 = ~201.35 Uy ay¢0 = OV13
0 _ a0 . 0 _ 0
Us1ye0 = 6vy 1; U(5.9ye0 = —6v7 3
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0 — @0 . 0 _ 9,0 0. ,0 _ 0 . 0 _ 9,0 0
Ui.1)e0 = 6v1.1; Ug.2)e0 = 2vi3 =201 4; U(6.3)¢0 = —6vy 3; U7.1)e0 = 2v1 3 - 21,4

0 0 0. ,0 — a0 0. ,0 — a0 0
Ug1)eo = 6vy,y — 20135 Ug.2)e0 = 6vy3 — 201 5; Ueg.1)e0 = 6vy, —6vy g

and

u?.mg =200 ; U?.Qgg = =207 5; U?.sgg = 2“?.35 Ug.1§g = 209,
Ug.lgg = 607 5; Ugagg =200 | + 407 5; Ug.ggg = —4u? 5 - 207 5; Ug.4§g =60 5
ug.lfﬁ =200 1 + 207 5 + 209 ugagg = =200, - 20) 3 - 205,

“g.lgg = =607, - 60 ; nggg = —60), - 607 5

u(ﬁ].lgg = =607 | —4v 5 — 209 5; U(ﬁ].zgg =200 | + 60 + 207 5 + 203
“8.355 = —4o), = 60y 5 — 209 5; Ug.lgg =200 | +4v) 5 + 200 5 +4vy |
Ug.lgg = —6v7; — 8075 — 207 3 — 403 ; Ug.zgg =207 1 + 87, + 607 5 + 403,

0 0 0 0 0
Ug 1g¢ = —6v1 1 — 1207 5 = 6vy 3 = 6vy
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A.3 CPH based ordered phases

A.3.1 Thermodynamics of B19 phase using triangle—tetrahedron
approximation
The triangle-tetrahedron clusters considered for B19 phase is shown in Figure

A.7 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.7.

@ @

e

@ 1 o 5

8

(R

Figure A.7: The triangle-tetrahedron basic clusters in B19 phase along with the
sublattice sites designated a and f.

Table A.7: The clusters, their designations, multiplicities and the corresponding K-B
coeflicients (v, ;) for B19 phase using triangle-tetrahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
aaﬂﬁ((5571%?OP ) 6.2 1
Regular tetrahedron S 1
aaBB(T1, aalP ) 6.1 1
(4,6,3,5) )
aBB(T2)
(6.1.3) 5.4 1
BB(TY) 5.3 2
Equilateral triangle (OP) (6,3,5) 0
aaf(T2)
(2.6.1) 5.2 2
aaf(T1)
(4.6.3) 5.1 1
( g‘gﬁ) 4.2 1/2
Equilateral triangle (OB) 5 1
[676%
(4,6.8) 4.1 1/2

cont ...
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Clusters Ordered cluster | Designation | Multiplicity | 7, ;
(;fg) 3.2 1/2
Equilateral triangle (TB) -1
aaf 3.1 1/2
(4,6,5)
BB
%) 2.3 1/2
I-n pair (OP) (Z‘g) 2.9 2 -1
[670%
o) 2.1 1/2
BB
(i 1.4 1/2
aB(T2) 13 1
I-n pair (IP) (2.1) ' -1
aB(T1)
(4.5) 1.2 1
ax
a6 1.1 1/2
p 0.2 1/2
. (1)
Point D
«
d 1/2
@) : /

The average composition of the system and the LRO parameters are related to the
sublattice point CFs as

U = (UO.l + UO_Q)/2 and 5 = (u0_2 — UO.I)/Q

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the
0

limit of perfect ordering, v; ;, are:
1 1376 N5 [14T)6
0 0 0
V1.1 = s/ 13N476; Vig=——1[—; Vig=—q ] —
! s\ om UV s
0 Ui U 0 2 0 valli
Ulga = — ) Va1 = M275~+/ 65 Vgo=——
1.4 15\ s 2.1 5V 2.2 "
o _ " ) o _ 1 1376 o _Ts [NaNe
U3 = 5V 16; V31 = ——[ V392 = —[
US mns M4 m M3
773773/2 m 773/2 - i
3 1M6
92.1 =22 —; ng = 6_3 —; 'Ug.l = 5 V134
m M3 mns Y 7 Up)
W0 = 1576 \/77_74. WO, = M6 3. W0 = e
5.2 — ) 5.3 — 3 54 = 5 ——
m \ ns mnz \ ma 15/ M314
3/2 9 3/2
o _ "ls UER o _ "N57s N4
Vg1 = 2\/ V2= [ —
mmnehs y 74 M2 13
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The limiting first derivatives of the transformed CFs with respect to uy and &, in

the sublattice solvent bases in the limit of perfect ordering, U?i. )0 and v?i. j)es are:

U?m)o

U?w)o =

0
Y(1.3)0

“?1.4)0

0?2.1)0

U?z.z)o

0
Y(2.3)0

U?3.1)0
U?3.2)0
U?4.1)0
U?4.2)0
U?5.1)o

0
Y(5.2)0

0
V(5.3)0
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U(5.4)0

0 _
Y(6.1)0

U?6.2)0 =

0 0
vy, + U
_ .0 0 301Y%1 o
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0 0 0 0
v v Vaoy—10
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0 0
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_ .0 0 32T VUs2
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_ .0
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0
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and

0 .
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect
0

ordering, u; ;, are:

upg = L uy o =-1; U?.s =-1 ujg= 1
uyy = 1L u%z =-1 “3.3 = 1 uzqg= 1
uzo=-1; Ug.l = 1 U22 =-1 usq= 1
Us o= 1 Ug.3:_1 Us g =—1; ugy = 1
ugy = 1

The limiting first derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, U?i.j)o and u?i.j)g, are:

U'((Jl.l)o =-2; “(()1.2)0 = 0 u(()1.3)0 = 0 U(()1.4)0 = 2
u(()2.1)0 = =2 u(()2.2)o = 0 U(()2.3)0 = 2 “(()3.1)0 =-1
u((J3.2)0 = -1 u(()4.1)0 =-1 u?4.2)0 = -1 u?S.l)O =-1
u(()5.2)0 =-1 u(()5_3)0 = -1 U(()5.4)0 =-1 “(()6.1)0 = 0
u((]6.2)0 =0

and

u(()m)g = 2 “[()1.2)5 =-2 “(()1.3)5 =-2 “(()1.4)5 = 2
Upne = 2 Uz = =2 Uz = 2 Ulspe = 3
U3 2p¢ = =3 Wane = 3 Ulyzpe = =3 UGsne = 3
Usze = 3 Usz)¢ = =3 U(s.pe = =3 Uene = 4
Uz = 4

The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()i.j)oo, u(()i.j)5 and u((]i.j)&, are:

0 _ 5,0
Uy 5y00 = 2V13

0 _ 0 . 0 _ 0 . 0 _ 0
u(1.4)00 - 22}1.47 u(2.1)00 = 21}2'1, ’UJ(2.2)00 = 2’[}2'2

0 _o0. 0 _o0 0 . 0 _ 4,0 0
U200 = 2023 Us.no0 = 2V11 ~ V1] Uy 9y00 = 4013 =201 4

0 — 9,0 _ 420 . 0 — A0 _ 9,0 .
Uiy 1y00 = 2V10 — 401 35 Uy 2)00 = V12 = 201 43

0 — _9,0 0 0. 0 — 9,0 0 0 .
Ucs.2)00 = ~2V1.3 + 2051 = 2U59]  Ugz3y00 = 2V1.2 + 2Vp5 = 20535

0 _ 9,0 _ 4,0
U(s.1y00 = 2U11 — 4050

0 _ 0 0

0 _ 9,0 0 0 0. 0 — 40 0 0 0
Ugg 1yo0 = 2V1.1 — 4V1 9 = 4Ug 5 + 205 35 Ug.2)00 = ~401.3 + 207 4 + 205 —4vy

0 _ 0 0 _ 9,0
U1.3ye0 = 0; Uy 4ye0 = 201 4

0 _ 0 . 0 —N-
Ui ygo = ~20115 U(1.2)e0 = 0;

0 __o9.0 . 0o _o. 0 _o0 . 0 __9,0
Ugzayeo = ~2V2.13 Uz2)e0 = 03 U(23)e0 = 2V2.3) Uz 1ye0 = ~2V1a

0 _ 0 . 0 _ 0 . 0 _ 0 . 0 _ 0
U(s2)0 = ~2U14} Uyeo = ~2V105 Ugazpeo = ~2V145 Usayeo = 21

0 _ 0 . 0 _ 0 . 0 _ 0 0 _ 0
u(5-2)§0 - _2U2-1’ u(5.3)§0 - _202.37 u(5.4)§0 = _21}1.4 u(6.1)§0 = 21}2'3 - 2U1.1

0 _ 0
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and

UL1)ee = 2V15 U1 2ee = 20025 U1 zyee = 2013
ULayee = 2V143 Ues1)ee = 20513 Uy.zpee = 2055
u((]m)££ = 209 5; u((]3.1)5g =200, + 40 ,; u(()gz)££ = —4v 5, - 209,
1L(()41)gg =209, + 400 U?M)& =409, - 209 ,; u(()5.1)££ =209, +40v),

0 — 9,0 0 0. ,0 — _9,0 0 0. 0 _ 0 0
Uls yee = 2013 T 2091 + 20395 U gyee = —2V19 = 2099 = 20335 Ugs gyee = —2V14 — 4055

0 0 0 0 0 . 0 0 0 0 0
Ugg 1yee = 2011 + 401 + 4055 + 20535 Uggayee = 4013 + 207 4 + 205 + 40y
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A.3.2 Thermodynamics of B19 phase using tetrahedron —
octahedron approximation

The tetrahedron—-octahedron clusters considered for B19 phase is shown in Figure
A.8 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.8.

Os
R

Figure A.8: The tetrahedron—octahedron basic clusters in B19 phase along with the
sublattice sites designated o and

Table A.8: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (7;,;) for B19 phase using tetrahedron-octahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
aaBBBB(02)
(3.6.4.5.7.8) 13.2 1/2
Octahedron 33(00) 1
(6707070}
(2,3,9,10,1,8) 13.1 1/2
aBpBp
(3.4,5,7.8) 12.4 1
aafBpB
12.3 2
Square pyramid (3,6,4,5,7) 0
aaaff
(2,3.9.1.8) 12.2 2
aaaof
(2,3,9,10,1) 12.1 1
cont ...
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Clusters Ordered cluster | Designation | Multiplicity | 7,
BBBA
(4,5.7.8) 11.4 1/2
aafB(02) 11.3 1
Square (3,6,4,7) ) 0
aaBB(01)
(2.9.1.8) 11.2 1
(67678707
(2,3.9,10) 11.1 1/2
apps
(3.4,5.8) 104 2
aafp(02) 10.3 1
Irregular tetrahedron-2 (3,6,4,8) 0
aaBB(01)
(2,10,1.8) 10.2 1
aaaf
(2,3,10.8) 10.1 2
appp
(3.4,5.7) 9.4 2
aaBB(02) 93 1
Irregular tetrahedron-1 (3,6,4,5) 0
aaBB(01)
aaaf
(2,9,10.8) 01 2
aafB(T2, aaOP )
(7.9.3.8) 8.2 1
Regular tetrahedron 1
aafB(T1, aalP ) 81 1
(2,3,4,8) ’
BBs
(4,5.7) 7.6 2
aBp(02)
o1
[sosceles triangle 04(525,1(78)) 7.4 2 0
aaf(02)
(3.6.4) 7.3 2
aaB(01)
(29.) - ’
aox
(239 o ’

A-42

cont ...
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Clusters Ordered cluster | Designation | Multiplicity | 7, ;
apB(02, BBOP)
(4.8.3) 6.4 2
0455(02; 5BIP) 6.3 1
Equilateral triangle (OP) (3,7.8) -1
aaB(01, aaOP)
(2,10,1) 6.2 2
aafB(01, aalP)
(3100 6.1 1
aBp
(3,4.5) 5.2 1/2
Equilateral triangle (OB) 5 -1
(6707
o3 5.1 1/2
aBp
(759) 42 1/2
Equilateral triangle (TB) 5 -1
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The average composition of the system and the LRO parameters are related to the

sublattice point CFs as

Ug = (Uo.l '*‘160.2)/2 and ¢ =

(Uo.z - Uo.l)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v
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The limiting first derivatives of the transformed CFs with respect to ug and &, in the
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect
are:

ordering, u?
u(l).l = 1
ug.l - 17
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U?1.2 = 1

u?m =-1;

U(1)3.2 = 1

The limiting first derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()z.. o and u((]i. Jyes are:

U(()u)o =2
u(()2.1)0 = =2
u(()3.2)0 =2
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ugy= 1
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The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u(()i.j)oo, u(()i.j)E and u(()i.j)&, are:
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A.3.3 Thermodynamics of D09 phase using triangle—tetrahedron
approximation
The triangle-tetrahedron clusters considered for D09 phase is shown in Figure

A.9 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.9.

@ ®

Figure A.9: The triangle-tetrahedron basic clusters in D09 phase along with the
sublattice sites designated a and f3.

Table A.9: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (7, ;) for D09 phase using triangle-tetrahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | v; ;
aBpB(T2, BBBOP )
(8.3.6,7) 6.2 3/2
Regular tetrahedron 1
aBBB(TL, BALIP ) 6.1 1/2
(2,7,9,10) ‘
BBp
(3.6.7) 5.3 3/2
Equilateral triangle (OP) aBp(T2) 5.9 3 0
(8,3,7) '
aBp(T1)
2.19) 5.1 3/2
(??ii) 4.2 1/4
Equilateral triangle (OB) T 1
«
(2.1.3) 4.1 3/4
BBp
(19.10) 3.2 1/4
Equilateral triangle (TB) 5 -1
«
(86.7) 3.1 3/4
cont ...
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cont ...

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
BB
36) 2.2 3/2
I-n pair (OP) 5 -1
«
@7) 2.1 3/2
BB(T2)
(6.7) 1.3 3/4
; T1
[-n pair (IP) 5(57(’9)) 1.9 3/4 1
o
56) 1.1 3/2
b 0.2 3/4
. (1)
Point 5
° 1 1/4
@) 0 /

The average composition of the system and the LRO parameters are related to the
sublattice point CFs as

up = (ug1 +3up2)/4 and &= (up2—uo1)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v j, are:

1 m / N3 2 1
0 0 0 0
/l} . —; U . —_— _; U . - /’71775 _; U . - —_—
- 15/ T13M4M6 ! Ui TaMe ! 1376 ! 772775\/”6

3
U8.2 -2 ; Ug.1 =- ! ) Ug? - 3?/721 @; 1)2.1 - 3/;2
NG M52/ 37476 0P\ e Mmnang /M7

o TN L 1 o _mns [m
V2= 355 350 Us1= 52 —; Vg9 = 3 7 Uss=—1\ [ —
5 Mg R27sM6 V' Tl 576~/ 113714 Tle 713
0 _ 77?\/ n3 . 0o _ T2
V6.1 = 3/2

_—— Vo= ——
3/27 6.2 3/2
iy iy Ny /i

The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v?z.. )0 and v?l.‘ jyes are:
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Y110 = V11 (_2 TULL T 9 + 5 tTU 7)2.2) - 5 )
0 0
vV, =V
0 _.,0 0 0 0 32 "Y1 o
U(1.2)0 = V1.2 (—Ul.l + 2015 - 21)2.1) T 5 tua
0 0
vy, -
0 _,0 0 0 0 31 " Y2 o
Y(1.3)0 = V1.3 (—2 -1+ 2073+ 2“2.2) + 5 ~Uss

A-58



U?Q.l)o

U?2.2)0

0

Y(3.1)0
0

Y(3.2)0

0
V(4.1)0

U?4‘2)0 =

U?5.1)0 =

0
Y(5.2)0

0
Y(5.3)0

0
Y6.1)0 =

0 _
Y(6.2)0

and

Ve =
Ve =
V(13 =
Vo =
Vo =

0
V@Eaye =

0 _
V(3.2)¢ =

0
Yanye =
Un2)e

“(5 ¢~

0 0 0 0 0 0 0
Vg1 (_2 TVt VUtV T 2}2.2) —Us1 = Vg9

0 0 0 0 0 0 0
Vg0 (—1 UitV 3~V T 2“2.2) T U590~ Us3
9 Y VY
_ .0 0 0 0 0 0 4.1 4.2 0
=Vs1 D) + UL+ Vg + 201 3+ Ugq + 2095 — = — o0 |~ Vg.2
1.1 V13
1 309,
_ .0 0 0 9Vy 0
= Uz 5~ vy, + 3015 - 3“2 1750 |tV
1.2

— 0 0 0 0 0

A-59

2 v?
3“22 3 2”5 3
= -3 - 21}11+2v13+4vz2+—v0
1.3
0 0 0 0 0
) v+ v )
0 0 0 2.1 0 41 T Vs 5.2 6.1
V19 Va1
0 0 0 0 0 0
) vyt v v, —
v v v
1.1 2.1 2.2
0 0 0 0 0 0
) Vo=V v+ )
5.3 —6 _ 4,0?.1 + 6/0?.3 _ 3,08.1 + 81}8,2 + 2 5.2 - 53 _ 74.2 - 5.3 + 6.2
2 Ug.9 Vi3 2
0 0 0 0
v 3v 6v v
201 (7.4 600, - 300, + 603, + ot - 2002, oa
2 1.2 Us1  Uszo
0 0 0 0 0 0 0
) v v v ) ) v
6.2 0 0 0 0 4.1 4.2 5.1 52" Uss 6.2
5 —1.3+4v] 5 +60] 3+ vy, +8vy 5 — = - - 2 > 2 5 —=
V11 Uis Vo1 Vg9 V31
&( 8+ 600, + 00, +00, + 209, +2 1(0+°+20
4 Ul 1 U1 2 Ul 3 UQ 1 Uz 2 4 U3+t U4 V5.2
1
0 0 0 0
1;12( -3+ v11+v12+3021) 4(113.2+3v4'1+6v5.1)
1
0 0 0 0
Uls( -2+ U11+U13+U22) 4(?>U3.1+U442+2U5.3)
0 0 0
) v+
—221( 4+v11+v12+3v21+v22) —5'12 5.2
0 0 0
v v, +v
—;2 ( 5+3v11+v13+31)21+21j22) —5‘22 5.3
0 0 0 0
) v v )
4 11 Vi3 2
3 VY 300
0 0 0 0 4.1 6.1
1.2
W0 0 0 0 0
vy 5 + 6V 2us . +4v
Ya1 | 934 1009, + 400 5 + 200 5 + 1609 | + 40§, - 2251 - 3L 52
4 Ui V11
3 309, + 209
4 U13
0 0 0 0
=0 11 + §Uo w0 4 Evo 0. —gla1tVsa Vs Usa
1.2 2.1



0 0 0 0 0 0 0
v ) v v, +v v
0 _ Us2 0 0 0 0 0 41 7 U5 5.1 52" Uss 6.2
Vi1 Vg1 Ug.9
0 0 0 0 0 0
v VY o+ U 6vy , + 2v 3v
0 _YUss | _ 0 0 0 0 YsaTUsz OUsy 531 2Y.2
V(s.3)e = e ( 22 + 1207 | + 6v] 3 + vy | + 8v5 5 0 0 ) 1
1.3 2.2
300 Y 00 vY
0 _9Uga 0 0 0 0 4.1 5.2 6.1
) Vo1 V3o
0 0 0 0
v ) v v
0 _ Ys.2 0 0 0 0 0 4.1 4.2 5.1
Vie2)e = 5 =33+ 1607 1 +4vy 5 + 60 3+ 13051 +8vg 5 — 2= — = - 2=
4 Vi1 Uis Va1

0 0

0 0 0
_ Bugy+2u55 U6.2)
V2.2 Us.1

Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect

ordering, u?_j, are:
— 0 _ —
uyg = -1 ui, = 1 uyz= 1 Upy = —1
_ - _1. 0 _ _
Uy = 1 uzy = =1 uzp = 1 ugy =-1
Ugp= 1 usy = =1 Us o = =1; usz= 1
— 0 _
ugy = —1; Ugo = —1

The limiting first derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, u(()i. 0 and u?i. J)er are:
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The limiting second derivatives of the CFs with respect to ug and &, in the orthogonal
basis in the limit of perfect ordering, u?z’.j)OO’ u?i‘j)g and U(()i.j)gg are:
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A.3.4 Thermodynamics of D0;9 phase using tetrahedron —
octahedron approximation
The tetrahedron—octahedron clusters considered for D0, phase is shown in Figure

A.10 and the details of the (sub-)clusters, their designations, multiplicities and K-B
coefficients are given in Table A.10.

@ ®
®

Figure A.10: The tetrahedron—octahedron basic clusters in D09 phase along with the
sublattice sites designated o and f.

Table A.10: The clusters, their designations, multiplicities and the corresponding K-B
coefficients (7, ;) for D019 phase using tetrahedron-octahedron approximation.

Clusters Ordered cluster | Designation | Multiplicity | 7;;
BBBBARA(02)
(3:4,5,6,7,8) 132 1
Octahedron 3385(01) 1
(876
(29.13:5,10) - 3
BBBBL
(34,5,6.7) 123 K
Square pyramid (Q,Oiéﬁ,g,/‘fﬂ) 12.2 3/2
aafpp
(2,9,1,3,10) 12.1 3
BBBA(02)
(3:46.7) o KA
g BBBA(OL)
quare (1.3.810) 11.2 3/4
aafp
(29.18) 11.1 3/2
cont ...

A-62



cont ...

Clusters Ordered cluster | Designation | Multiplicity | v;;
BBes
(3.6.4.8) 10.3 3/2 .
Irregular tetrahedron-2 (2"3‘15’5[130) 10.2 3
aafp
(2538) 10.1 3/2
BBBs
(3.6.7.8) 9.3 3/2 ;
Irregular tetrahedron-1 (2‘,3‘1?5?0) 9.2 3
aaff
(2,0.1,3) 9.1 3/2
afBB(BBBOP, T2)
(9,3,7.8) 8.2 3/2
Regular tetrahedron 1
aBBR(BABIP, T1 ) 8.1 1/2
(2,8,10,11) '
BBB(02)
(3,4.6) 7.4 3
BBB(01) 7.3 3
Isosceles triangle (1,3.8) ' 0
aBp
(2,1.8) 7.2 3
aaf
(2.9.1) 7.1 3
BBp
(3.7.8) 6.3 3/2
Equilateral triangle (OP) aﬂ(@fﬁfgp) 6.2 3 -1
aBB(BPIP)
213) 6.1 3/2
pBs
(6.15) 5.2 1/4
Equilateral triangle (OB) T -1
«
(5.5.10) 5.1 3/4
BBp
(31011) 4.2 1/4
Equilateral triangle (TB) 55 -1
[
(9.7.8) 4.1 3/4
BB(02)
(3.6) 3.3 3/4
i 01
II-n pair ﬁ(ﬁl(,S)) 3.2 3/2 0
[670%
29 3.1 3/4
cont ...
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cont ...

Clusters Ordered cluster | Designation | Multiplicity | 7, ;
BB
(L10) 2.2 3/2
I-n pair (OP) 5 1
«
(9.1) 2.1 3/2
BB(T2)
(7.8) 1.3 3/4
; T1
[-n pair (IP) 5(68510)) 1.2 3/4 1
o
iy 1.1 3/2
b 0.2 3/4
. (1)
Point -1
° 0.1 1/4
@) /

The average composition of the system and the LRO parameters are related to the

sublattice point CFs as

up = (up1 + 3up2)/4

and £ = (UO.Q - uO.l)/2

Correlation functions in the sublattice solvent bases

The limiting values of the transformed CFs in the sublattice solvent bases in the

limit of perfect ordering, v!

i.js are:
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The limiting first derivatives of the transformed CFs with respect to ug and &, in the
sublattice solvent bases in the limit of perfect ordering, v(()i. )0 and U?Z-. j)es are:
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Correlation functions in the orthogonal basis

The limiting values of the CFs in the orthogonal basis in the limit of perfect
0

ordering, u; ;, are:

uy g =—1 ujo= 1 U(1).3_ L; Uy =-1
U82 = 17 ugl = 17 ug.Q = 17 ugS = 1
Uy =1 Ugo= 1 Ug1=_1’ Uso= 1
ugq = —1; Ugo = —1; ugs = 1 uzp= 1
Uz o = —1; uzg= 1 Uzy= 1 ug, = -1
Ugo = —1; ugy = 1 U8.2:_17 ugg= 1
u(l]O.l = L u(1)0.2 =-1 U(1)0.3 = L U(1)1.1 = 1
U(1]1.2 = 1 U[1)1.3 = 1 u(l)Z.l = 1 U(l)2.2 =-1
U?Q.s = 1 U[1)3.1 = 1 U(1)3.2 = 1

The limiting first derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, U(()i.j)O and u(()i_j)ﬁ, are:

u(()1.1)0: 0; u(()1‘2)0: 2; u(()1‘3)o: 2; u(()2.1)0: 0

u(()2.2)0 = 2 “(()3.1)0 =-2; “?3.2)0 = 2 “?3.3)0 =
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u?4.1)0 = -1 u?4.2)0 = 3 u?5.1)0 =-1 u?az)o = 3
“(()6.1)0 =-1 U(()6.2)0 = -1 u(()6.3)0 = 3 u(()7.1)0 = -1
“(()7.2)0 = -1 “(()7.3)0 3; “(()7.4)0 = 3 “(()8.1)0 = -2
u(()sz)o = =2 “(()9.1)0 = 0 “(()9.2)0 = =2 u(()9.3)0 = 4
u(()10.1)0 ) U(19.2)0 = =25 u((]10.3)0 = 4 “((]11.1)0 = 0
“(()11.2)0 = 4 “((]11.3)0 = 4 “?12.1)0 = L “?12.2)0 =-3
U(()12.3)0 ) u(()13 1)0 2; “(()13.2)0 = 6
and
W 1ye = ~2; Uioe= L Ulrge = L Uy1)e = 2
u(()2.2)g = L u(()3.1)5 = 3 u(()3.2)5 = L u(()3.3)§ = 1
5! 3 5! 3
0 . 0 ) 0 _ 9. 0 _
Yane= "y Ua2e = o Uene = "y U2 ™ 5
5 5 3 7
0 . 0 . 0 _ 9. 0 _
Uene = "5 U2 = 750 Ueae = o Yrne= 5
5 3 3
0 . 0 ) 0 _ 9. 0 _
U(r2)e = 7y Yrae = o Urae= o Usaye = 3
Us 2p¢ = 33 Ulone = 4 Uo.zpe = 33 Ulozye = 2
u(()10.1)g 4; Ulyp.2)¢ = =3 U(1)0.3g = 2 “(()11‘1)5 = 4
9 7
“(()11.2)5 = 2 u((]11.3)§ = 2 u(()12.1)§ = §§ u((]12.2)§ -7
5
“?12.3)5 Ty u(1)3.1§ = 9 “((]13.2)5 = 3

The limiting second derivatives of the CFs with respect to uy and &, in the orthogonal
basis in the limit of perfect ordering, u[()i.j)O()? u(()i.j)g and u(()i.j)§§7 are:

“(()1.1)00 =207 3 u?1.2)00 = 200 5; U(()l.s)oo =201 5
u(()2.1)00 = 205 ; u(()2.2)00 = 203 5; U(()3,1)oo = 2u3,
“((]3.2)00 = 205,; “(()3.3)00 = 203 5; U(()4.1)00 = dvj =207
u(()4.2)00 = 607 5; u(()5_1)00 = dvy 1 - 201 “(()5.2)00 = 6vy 5
u?6.1)00 = _27}?.2 + 41}8.1; u?&z)oo = 2U(lj.l + 2“3.1 - 27](2).23 U?G,S)OO = 2“?.3 + 47}(2).2

0 —_9,0 0 0. ,0 — 9,0 0 0. ,0 — 9,0 0 0
Uz 1y00 = ~2V11 — 2091 + 20315 Uprayg = 2010 T 2051 — 2U30] Ugpgyg = 2V19 T 2059 + 203

u?m)oo = 207 5 + 209 5 + 209 5; U?g.l)oo = ~607 5 + 6vy,

U?S_Q)OO =409 - 2095 + 209 | — 408,; u(()9.1)00 =409 + 200, — 409, + 209,
U(()9.2)00 =40l ~2 (0l — 09y +v35 +05,); u(()9.3)oo = 607 3 + 409, + 2035
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u(()n.z)oo =409, +4vd, + 4 5; u(()11.3)00 =409 5 + 409, + 4vd 5

0 — a0 0 0 0 0 0
U12.1)00 = ~6V11 = 6vgy +2 (U1.2 T Uz +U3; + U3.2)
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Appendix B

Derivation of A

At the phase boundary (ref. Eq. (3.28)),

_ 0 (0GEs dg
Aw_ xAxB(aé( @J]B )5) dl‘B

__xars [ 0 (0GR dg?
- 25 (96 al‘B ¢ s d.’KB

At the phase boundary, the differential terms in the numerator as well as the

(B.1)

denominator in Eq. 3.43 vanish, making their ratio indeterminate. It can be evaluated

by considering

> . ds [ 0 (0GE5 0G5
don s 25(8:1;3( o€ ))5/( o¢? ) (2

The derivatives in Eq. (B.2) are evaluated from Eq. (3.17) and substituted in Eq. (B.2)

which after simplification becomes

dg? ug8? (1 + (ug - €2) (1 = m2) + 12 — 4X/3)

don (L) (e 2 (1) ~2X/3) + & (w2 (1) 1o = 2X/3) (B:3)
where
X =2+ (1-1m) (u2 —10€2) (B.4)

The terms which are independent of £? in the denominator of RHS in Eq. (B.3) together
are expanded around ug corresponding to its value at the phase boundary, viz., ug = ug,

(given in Eq. (3.28)) which yields

(1= ugy) (12 + ugy (1= 12) +2XDb/3) = 2ugp (o = uos) (ugb = (1= ugy) (1-2n,)

—_ 2 - - -
+1 (3u0b 277?;3)(1 772) 3772)+0((UO—U05)2)
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Xb in the above expression corresponds to the value of X at ug=ug,. Expanding the
terms which are independent of (ug —ug) in the above expression together around &
=0 and with substitution of boundary condition corresponding to g from Eq. (3.28)
yields

15—852772 +0 (54) + gUOb (1o = ugs) +O ((Uo - UOb)z)

Substituting the above expression in Eq. (B.3) and cancelling £? from the numerator

and denominator

ez dug (1 + (ud = &€2) (1 =n9) +m2 — 4X/3)
drg  —ny+ud (1-n2) = 2X/3+ 0 (€2) + Sug (uog%) + (uog;mb) O ((uo —uop))
(B.5)
In the limit of uy = ug, and & - 0 corresponding to the phase boundary,
(Uo - uOb) _ % B 1 _ 1 (B 6)
2 - 2 - de2 - de2 .
5 u0—>uOb,§—>O d£ (%) (ﬁ)
Substituting from Eq. (B.6) in Eq. (B.5), we obtain
gz dugp (B.7)
dzrp 4+27ug, + —Uob ’
18(1-ug, ) (2358)
The above equation can be solved for d¢?/dzp in terms of ugy, to yield
d¢?  Sdug (—1 + ugb) (B.9)

dry 4 +27ul,
Substituting from Eq. (B.8) in (3.43) and utilizing the boundary equation, Eq. (3.28),
we get

135u2 60 -135m,
8+54ul 32— 621

Ay (B.9)
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Appendix C

Determination of coefficients of the
polynomials

The coefficients of the polynomials, P;, are chosen as rational functions of 7,. In
order to determine the functional dependence of these coefficients on 7, a set of 7,
values is chosen for which the equilibrium values of the CF's are numerically determined.
Based on these values, the constraints mentioned in Section 4.4 are determined. The
procedure for selection of coefficients of polynomials for pair and tetrahedron CF's is
illustrated below.

At 5 = 4, the permissible domain for the coefficients of P, is shown in Figure C.1.
The surface represents the region where the constraints are just satisfied and the
white region represents the permissible domain. The point shown in red in the figure
represents the approximate midpoint of the permissible domain at ug = 0 for which the
constraints are satisfied for the entire range of compositions.

The midpoint of the permissible domain is determined for each selected value of
72 in a similar manner. The data are then fit to an appropriate rational function in 7,

and the fitted functions thus obtained are given below

azy  —2.4675 (1-/m)

sl = 2 =

w0074 T 4 (1+0.1945./7)

1 9
U’2|u0:0.5 = Z_l + @ (16@20 + 4&22 + CL24) (Cl)

_ -0.0308 +0.2092, /75 _

T 1+00374ym, Y

The rational function fits are shown in Figure C.2 for asy and g. From the figure it

can be observed that the deviations of the rational function fits are only marginal from
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Figure C.1: The permissible domain (white region) for the coefficients of Ps.

the data. Since the data point is selected from the middle of the permissible domain,

these marginal deviations do not lead to a violation of the constraints.

Determination of the polynomial coefficient a4y corresponding to the tetrahedron
CF at 1y = 1/3, where both A2 and B32 phases are in equilibrium is discussed below.
The permissible domain (white region) for ay satisfying all the constraints is shown
in Figure C.3. In the present case, all the constraints are satisfied for the entire range
of compositions for 0.33 < ayy < 1.87. The mid value in this range should be chosen as
initial value for fitting.

Next consider determination of the coefficients of the polynomials for the B32
phase. At the selected value of 7y, the coefficients agg, ase and asy of A2 phase
determined earlier are substituted into the polynomials for the CFs of the B32

phase and the permissible domain for the remaining coefficients of the polynomial is

20F
15F
1.0F

0.5F

ao

0.0F

-0.5F

-1.0F

0.0k

m n

Figure C.2: Rational functions fits to agy and g.
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Figure C.3: The permissible domain for a4y for the A2 phase.

determined in each case. As the ordered phase has 2 point CFs, namely, uy; and ug 2,
the CV constraints are chosen along the edges of the configuration square shown in
Figure 2.2.

Even though the same coefficient a4y appears in the polynomials for tetrahedron
CF in both the A2 and B32 phases (ref. Eq. (4.47)), the permissible domain in
the ordered case is 0.347 < ay49 < 1.875, which is different from that of the disordered
phase, as the constraints operating on these coefficients are different. The approximate
midpoint of the intersection of the permissible domains for both phases, namely, 1.11
is chosen to be the value of a4y corresponding to 7, = 1/3.

The values of the polynomial coefficients are determined at all other selected
values of 7, in a similar manner. These data are fitted to the rational functions of 7
given in Eq. (4.52) by least squares method. It was ensured that the fitted rational
function lies within the permissible domains of a4 for the entire range of ny values

selected, as shown in Figure C.4.
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Figure C.4: Rational function fit to a4o. The vertical lines represent the permissible
range of values for a, corresponding to the selected values of 7,.
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