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( Monte Carlo for alloys \

Lattice gas Hamiltonian:

H=%Z”VijCiCj -IJZCi B:Ca=
| i

Metropolis algorithm:

1) Exchange atoms for fixed lattice,
concentration, and temperature

2) Keep configuration in sample if

Random number
between 0 and 1

AE: Configurational
" energy difference

\Landau and Binder: A guide to Monte Carlo Simulations in statistical physics /

r < exp(- AE/Kgl) { "
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/ Cluster expansion i terms of \
effective interactions

Configurational energy:

=3V +3V P ecp+3 v ecci00

Occupation number: _ -

& & &

1 if i occupied by A ©0 O

Ci= 0 if i occupiedbyB O

Spin variable: @

0; = 2¢;- 1 © O O
Correlation function: Random alloy:

n_
\ £=(0,0;...0%) - 0" et v /
Y p: shell, triangle, etc.
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Epoe= VO + VgD 4 y @8, y @Ry @y

/ Structure inversion method

RWN = | =




/ Short-range order in «-brass \

Diffuse neutron scattering:

iQ-R

lo(@)= 1 3 o @

Monte-carlo simulations:

X, =1 -

o

<c,(1-¢)>

c(1-c)

Warren-Cowley SRO in fcc Cu,,Zn,,

SGPM interactions + ETM model for relaxations
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i Experiment: L. Reinhard et al, Z. Metallkunde, vol.84
0 p.251 (1993).
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A_B,_ alloy

Configurational energy:

E_= ;—iZj,"Vijcicj

conf

Effective pair potential:
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/General perturbation method (GPM)

AB AT~ .B = ® A
V= [dE f(E) /G, 17 G, 8 ..
Effective medium

AB
\/ij * Pair potential
‘(—3‘ . Coherent potential Green
ij = function

A . . .
t; . Single-site t-matrix

\Ducastelle and Gautier, J. Phys. F 6, 2039 (1976)




/ GPM one-electron contribution \
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/ GPM potentials
One-electron contribution: b.
Voru(R)= L [E (R) - E,(R)]

Screening contribution:”’

Vee R) = Qs I (R) a.
GPM pair-potential:

VIR) = Vo (R) + VoodR)

\Ducastelle: Order and Phase Stability in alloys, 1991, pg. 468
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f Screening in random alloys \

A . B 0.05 1 I 1 I 1 |
0.00 S N EETE
g -0.05 | ® Cu->Pt in CugPt,,, LIZ=3 .
_ B B2Q>: Cu->Ptin CugPt,, LIZ=3|
@ ©Cu->Ptin Cu,Pt,, LIZ-1
-0.10 Cu->Pt in Pt, LIZ=1
A4 Cu—>Ptin Pt, LIZ=3
15

B Bcu-—>PtinCu_pPt,, LIZ=3
@ @®Cu->Ptin Cu,Pt,, LIZ=1
i Cu->Ptin Pt, LIZ=1
'O 2 A—ACu-—>PtinPt, LIZ=3
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/GPM screened Coulomb contribution\

Change in electrostatic energy upon
exchange of A and B atoms on site 1
projected onto site O:

Vo R) = 1 [ER(R) - EX(R)]

o




Screened Coulomb interaction \

. (R)
— 22 scr
VeeR) = € QAB 2 g

0.2 . -
. % @fcc ( )
= ®bcc (X
C i .
e a1l @ ®bct scr |
R @
=
J
D,
ey 0
L5
~ Ruban and Skriver, Phys. Rev. B 66, 024201 (2002)
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K’SGPM potentials
and ordering in
NiPt

Ordering energy:
E-' = 1¢(1 C)Z VeaAVA

Short-range order parameter:

L1
aR0= (--;-! 11-%-1 11 )

o

Enrduo (mHY)

15 |

10 | |

VGPM (mRy)
o

e oV, e!(equali
| e eV, (equal)
V

LSGF

~——— CWM- FP-LAPW (Lu, etal.) |
B BZI V(neut)

.’- ._.E Veeru(equal)

ASA (equal)

0 5 10 15 20
Coordination shell




Ordering energy:
Eord = 1?0(1'0)%' X Vi

GPM: Present results

FP-PAW: Full-potential, VASP
PP: Pseudopotential

Include up to 50 shells

for coverged ordering

energy, cf. short-range
order in x-brass

E.. (MRy)

1.4 |

-1.3

-1.5

OL1, GPM
DO,, GPM

@L1, FP-PAW

- DO, FP-PAW

OL1, PP (Muller&Zunger,2001)
[CJpo,, PP (Muller&Zunger, 2001)

/ Ordering energy in fcc Cu,Zn,

Coordination shell




Warren—-Cowley SRO in fcec CugZn,,.

SGPM interactions + ETM model for relaxations
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Experiment: L. Reinhard et al, Z. Metallkunde, vol.84
p.251 (1993).
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/ Ordering energies in bcc CuZn \

) @82
W B32

s RN $B11
A e Etcaa0e00050060000065505558 AA

E = ;_0(1'0)2 (XR VR 2 o 1 qglg

ord R »S20

| ®@s21

S22

Ordering energy:

SGPM result versus full- o s
potential calculations
(Fp-PAW, VASP)
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Pair potentials:
Concentration dependence

Pair interactions in Zn Cu,__ bcc alloys
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( Effective tetrahedron model for \
local lattice relaxtions

Tetrahedra of configuration:

=0+ 0, + 0+ 0

Volume relaxation energy:

V;ast = EZ(.Q(Z ) - EZ(‘Qauoy)

'Qauoy * Volume used in Monte Carlo

(%) Volume from spring model

o




/ Spring model of lattice relaxations\

Given spring constants and distances:
K;A d,EA (A, fcc) " K ~ Bulk modulus A QOB

Kgg dgg (8. fcc) O Effective medium
Kag dEB (AB, L1,)

0
Kuvmv Avm (AB. random)

Derived:

Kwa = ;_ (Kt Kaa)

dya = [ 3 (dgu)’+ (dp)’ 1" enstaw
dpn = dan + 2(dgwy - den)/(2B,/B,+1)

das + 2(dy -+ (das +2dog + dgg )/(B,/B, o +B,o/Byit 1)

o /




/ Interatomic distances in Au_Cu,, \

3.05 . |
ETM versus full-potential | x oo
X X ETM
calculations(FP-PAW) Al
2.95 | % i
X: Full-potential (FP-PAW), & 285 | & .
SQS 32 % L g dyotume |
B IS5 I =
ETM: Effective tetrahedron o i - W
model 2 &
m g .
2.65 I S X .
SQS: Special quasi-random % ;
structure i .

2.55 ' - :
dAuAu dAuCu dCuCu




ﬁ?elaxation energies: Impurities in Cm

1 ! 1 1 I 1 1 |

ETM: Effective tetrahedron os | ® i
B BFP-KKR (LDA)
model L& ® @ETM (LDA)
@ ® ETM (LAG)

FP-KKR: Full-Potential ol m® i
results’ s | 1%
204 ]
m . % ! "

02 | ! |
i LB B !

*) Papanikolaou et al. , 0 . .
!’nys. Rev. B 55, 4157 (1997) Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn /




/ Monte Carlo simulation of order-disorder transition
in

B-brass

Atomic percent zinc

1000 - a + liquid Liquid

Temperature (°C)

0.45 0.46 047 0.48 0.49 05
Zn concentration




Weight Percent Aluminum
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Pair potential [mRy]
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Effective pair potential [mRy]
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Pair-correlation

Cv
O = MNWAEOO - W

0 500

o

03-05-02 15:31:17

_BCC, FeAl 25%
| gpm pot
| 8000 atoms .
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T, [K]
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gpm, dim, 10 shells, gga volume
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Calculated Cu—-Au phase diagram

1400 1 O Theory with relaxations |
O Theory without relaxations |
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Short range order in Cu_ A

aIc T T+50 780)K
. alc. Wolver‘[on T=T_+100 (650)K
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Exp (Cowley) T=T _+60 (723)K

p.(Moss) T= 723K
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E., (mRy)

10

-10

0 5 10 15 20 25

Ordering in NiPt

Ordering energies in Ni.,Pt.,
From SGPM interactions (open) and total energies (full)
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Monte Carlo simulations for NiPt surfaces

T> TOrdering

Segregation reversal:
Pt prefers second layer

MC: Exchange atoms
between surface and
bulk requires segregation
energy
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Monte Carlo simulations for NiPt(111)

Ni,, Pt

mMm““o. mmmmu”o-
00.0.0 e .00 L ]
Sasesieisee, ssiscetsisites,
HHHH R cele% e e300 0%
02020205020 %020%08%¢ HH 0302020208
90202020202020%202020¢ 4 H
09030003000 003000000000, HHHBHBEHHBHHH
R R R RRIE R ceielele’eleele 0020 0 0 e,
Soitieitietentiigtitiiteteiize  sacaceiec2 eiacece e 8 8z8088:
telelolele®e200el0 0 00000 000 celele e e e e e 0 e 0 0 0 0 0
02020%02020%0202020%020%020%¢2 ceieleielele e e e e 0 0 0 0 0]
e e e L L - 5 S S R R
siitiesiistersititiensiditifil  f3etilifestaisidisigidil:
seifiececeieitatasiateieteiiie  I8iglSi8iSisiacsiseecsls
elelesesestietiifitosteeslte  seseteisiececece®
20202020%0%0202020202020%0202 REEEHEREEERH
oo.ooooo..oooooootoo.oooooo.iu H14 ceiecedc 00 0 0]
Sileceitilitigigigieceziciiic  Igisisisisisiscatececeisises:
Sagedetianeiton.  SERESLiiiany
X ®eQegedesesegegegedeseqed esese00s05000 0 0%
o Ce0808080002280820000 e esetacacacel
S Siasdssssasasatas
— 06%026%0%0%°
T Sleigieciis
...
>
o
o
1<
=
=
410
™
<
m S
. w
o
40
@
3
©

(% "18) uonEeJIUBOUOD id

30



Phase equilibria in Pt-rich Pt-Mo alloys
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Effective pair interactions in PtMo

25

20

(220)

Coordination shell



Effective multisite interactions in PtMo (in mRYy)
Pt Mo_.(Pt, Mo ,)

"n" 1s the number of the corresponding cluster per site;

1.84(L.91) 0.79 (0.20) 5.81 (8.86)



Pt Mo ordered phase
Space group Immm (71)
Order-disorder transition temperature : 2080 K (exp), 2200 K(theor).




Pt7 5Mo25

A (111)-type snapshot of the ground-state (T=0OK) structure




Pt. Mo, (100)




Pt13M03

A (100)-type snapshot of the ground state (T=0K) structure

Undergoes the 1* order phase transition at about 2000 K.




Pt Mo, (111)




Pt13M03 structure

Space group: Pm-3n (223) or O °
Pearson symbol: cP32
Strukturbericht designation: ??

Primitive translations:
(1,0,0)a
(0,1,0)a
(0,0,1)a

Basis:
Pt (1/4,0,0)

Pt, (1/2,0,1/4)
Pt, (1/4,1/4,1,4)
Mo (1/2,1/4,0)



Snapshot of Pt_ Mo . at T= 0K




Phase stability in Pt-rich PtMo alloys

Formation energies of ordered alloys
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