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4 TiNi 3

4.1

TiNi shape memory alloy; SMA

[1][2]

Ms TiNi

B2

B19' B19 R [2] TiNi

Ms 3

3

[3][4] 3 TiNi B2

3 3 Ni

Ti

TiNi

TiNi 3

Nakata TiNi 3

ALCHEMI atomic location by channeling enhanced 

microanalysis technique; ALCMEMI [10] [5][6][7][8][9]

ALCHEMI
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B2 TiNi <100> {111}

Ti Ni

X

X X X Ti Ni X

EDS X

Nakata Ti-Ni-X X = Sc, Ti, V, 

Cr, Mn, Fe, Co ,Ni, Cu, Pd Au X Ti Ni

[5][6][7][8][9] 3 3

(1) Fe, Co  Pd TiNi Ni

(2) Sc Ti

(3) Cr, Mn, Cu, Au  V Ti Ni

Nakata Bragg-Williams

TiNi

Ti Ni X

(3)

Ti-poor Ni-poor Ti Ni

ALCHEMI

Cr Ti Ni

(3) Ti Ni

Hosoda TiNi

3 [12]
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(1) Au, Pd  Co Ni

(2) Sc  V Ti

(3) Fe, Cr, Mn  Cu  Ti Ni

V Au  Fe Nakata ALCHEMI

[7][8]

Bozzolo TiNi Pd [13] 1024

Bozzolo-Ferrante-Smith (BFS) [14]

Pd Ti Ni

Nakata ALCHEMI [6] Pd Ni

Bozzolo Bozzolo BFS

Fe, Pt, Au, Cu, Zr  Hf 3 [15] Au Cu

ALCHEMI [7][8]

Sheng TiNi discrete viriational (DV) -X

[16] Ti Ni 3

Mulliken population [17] Nakata

Fe, Co, Sc, Cr, Mn, Cu  V 

Au

Sun TiNi Co

generalized atomic site occupation model with quasi 

chemical bond approximation [18] TiNi Co

Ni-poor Ni7Ti8Co

CASTEP

Co Ni Nakata ALCHEMI

[7][8] Co Ti-poor Ni8Ti7Co
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Singh Vienna Ab initio Simulation package 

(VASP) B2 TiNi 3

[19] Ni15Ti16X  Ni16Ti15X X= Mg, Al, Si, Sc, Ti, V, Cr, Mn, 

Fe, Co, Ni, Cu, Zn, Ga, Ge, Y, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, In, Sn, Sb, Hf, Ta, W, 

Re, Os, Ir, Pt  Au

(1) Mg, Sc, Y, Ag, Cd, In, Sn,  Hf  Ti 

(2) Cr, Mn, Fe, Co, Cu, Ga, Ge, Nb, Mo, Tc, Ru, Rh, W, Re, Os, Ir  Pt  Ni 

(3) V, Zn,Nb, Pd, Ta  Au Ti  Ni

(4) Zr Ti  Ni

Sc, Fe, Co  V Nakata ALCHEMI [7] [8]

Cr, Mn, Cu  Pd 

B2 TiNi 3

ALCHEMI

Nakata 3d

 projector augmented 

wave method (PAW)[20][21] Ti Ni X

crystal orbital Hamiltonian population (COHP)

B2 Ti-Ni-X 3 X (X = Sc, Ti, V, Cr, Mn, Fe, Co, Ni 

 Cu)
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4.2

B2 TiNi 3 X Ti X XTi

Ni X XNi X = Sc, Ti, V, Cr, Mn, Fe, Co, Ni 

 Cu (4-1) (4-2)

(4-1)

(4-2)

X

Vienna Ab initio Simulation package 

(VASP) [20][21] PAW Perdew, 

Burke, Ernzerhof (PBE) [22] generalized gradient 

approximation (GGA) k Monkhorst-Pack [23]

520 eV 

3 TiNi B2 CsCl

x, y, z 2 8

Ti Ni X

X 6.25 at% 

0.01 eV/  (1.60 10 11 N)

TiNi

VASP k

4-1 Dronskowski[24] COHP

COHP
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System Structure  ( )  ( ) -point mesh

Sc hcp 3.301 5.124 24×24×12

Ti hcp 2.924 4.625 24×24×12

V bcc 2.979 24×24×24

Cr bcc 2.836 24×24×24

Mn bct (anti-ferromagnetic) 2.574 3.442 24×24×24

Fe bcc (ferromagnetic) 2.832 24×24×24

Co hcp (ferromagnetic) 2.492 4.024 24×24×12

Ni fcc (ferromagnetic) 3.518 12×12×12

Cu fcc 3.635 12×12×12

TiNi sc 3.033 24×24×24

4-1 TiNi k
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4.3

4.3.1  B2 Ti-Ni-X X

4-2 4-1 Ti-Ni-X

Sc Ti Cr, Mn, Fe  Co Ni

V Cu Ti Ni

Nakata ALCHEMI [5][6]

Cr Mn

Nakata ALCHEMI

Vij

[5][6] Ti Ni Ti X Ni X

VTiNi VTiX VNiX

X

Ti Ni VTiX VNiX VTiNi

D

(4-3)

VTiX, VNiX VTiNi Ti-X Ni-X Ti-Ni

Nakata 0K

Vij H

Nakata D

[5][6][7]
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D > 1 X Ti

D < 1 X Ni

1 < D < 1 Ti Ni

Nakata [5][6][7][8] Tadaki [9] D Sc, Cr, Mn, Fe, Co, 

Cu ALCHEMI Fe Cr Ni

D Ti Ni

Nakata

D 0K ALCHEMI

[7]

Nakata

X Ti

Ni (4-4) (4-5)

(4-4) 

(4-5)  

D Nakata D > 1 Ti D

< 1 Ni 1 < D < 1 X Ti Ni

D (4-4) (4-5)

D

Nakata

4-2 Cr Mn

Cr Mn Ti Ni
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Ni Mn Ni

TiNi X

4-1  TiNi XTi XNi VC
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X 
(XTi) 

 (eV)
(XNi) 

 (eV)
value 

Calc.
Stable site 

Calc.
value 

Exp.
Stable site 

Exp.

Vc 2.27, 
1.74

1.74, 
1.09

- Ni - -

Sc -0.31 1.85 -3.1 Ti -2.0 Ti

Ti 0 0.79, 
0.64

-1.1 Ti - -

V 0.93 0.39 0.8 Ti, Ni -0.76 Ti, Ni

Cr 1.73 0.33 2.0 Ni 0.5 Ti, Ni

Mn 1.60 -0.04 2.3 Ni -0.03 Ti, Ni

Fe 1.03 0.01 1.4 Ni 0.68 Ti, Ni

Co 1.11 -0.02 1.6 Ni 1.3 Ni

Ni 0.62, 
0.65

0 0.9 Ti, Ni - -

Cu 0.61 0.61 0 Ti, Ni 0.69 Ti, Ni

* [25] Lu 

4.3.2 TiX NiX B2

TiNi XTi XNi

TiNi X TiX NiX H

Nakata H 3

[5][6]

TiNi X

4-2  TiNi XTi XNi VC

D Exp. [9]
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3

TiX NiX B2

Ni Ti X

TiX NiX B2 (4-6) (4-7)

(TiX) = (TiX in B2) (Ti)  (X)  (4-6) 

(NiX) = (NiX in B2) (Ni)  (X)  (4-7) 

B2 TiX NiX (4-6) (4-7) E

4-3

4-2

TiMn, TiFe, TiCo, TiNi, TiCu  NiSc B2

TiFe[26] TiCo[26] TiNi[26] NiSc[27]

B2

B2 TiX TiX E TiNi X

4-1 4-2 B2 ScTi, MnTi, 

FeNi, CoNi CuNi E

D 4-3 Ef 4-2

Sc Ti Mn, Fe, Co Ni 2

1 Ni Mn

ALCHEMI DOS

TiX NiX

COHP
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4.3.3 TiX NiX COHP

Yamashita [28] B2 12

bcc d

12

X (TiX)  

( )

(TiX) 
 (eV)

(NiX)  

( )

(NiX)  
(eV)

value Stable site

Sc 3.438 0.52 3.161 -1.03 -1.74 Ti

Ti 3.237 0.20 3.003 -0.68 -0.99 Ti

V 3.106 0.25 2.900 0.09 -0.18 Ti, Ni

Cr 3.025 0.20 2.835 0.76 0.63 Ti, Ni

Mn 2.968 -0.51 2.795 0.71 1.37 Ni

Fe 2.947 -0.83 2.775 0.76 1.79 Ni

Co 2.964 -0.73 2.775 0.61 1.50 Ni

Ni 3.003 -0.68 2.792 0.22 1.01 Ni

Cu 3.073 -0.02 2.837 0.17 0.21 Ti, Ni

4-3  B2 TiX NiX E D
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TiFe 12 TiSc 13

B2 4-2 4-3

Dronskowskii

 Crystal Orbital Hamiltonian Populations (COHP) [24] B2 TiX NiX

COHP DFT

[24]

COHP

[24]

TiFe, TiNi, NiSc  NiCr 

DOS COHP 4-3 DOS

d

4-3 COHP

DOS COHP DOS COHP

COHP

4-3(a) TiFe DOS

4-3(b) TiNi TiFe

2

COHP 4-3(b)

TiNi B2

NiSc 13 TiNi

1 TiNi ( 4-3(c)) NiCr NiSc

2 4-3(d) DOS
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COHP

NiCr

B2

TiNi[29] [30] [31] TiFe [31] DOS

Kulkova [29] TiNi

Hedin-Lundqwist  (linear 

method of muffin-tin orbitals; LMTO-ASA) TiNi

B2 4-4 DOS Fukuda

[30] TiNi B2 R B19 B19

Ti-Ni Ti2Ni Ti3Ni4 TiNi2 Ti3Ni4

ecact Kohn - Sham density functional exchange potential; EXX

tight - binding linear muffin - tin orbital;TB - LMTO

B2 4-5

DOS Cai Ti B2

TB-LMTO TiNi TiFe 4-6

[31] TB-LMTO

 projector augmented wave method (PAW)[20][21]

TiFe 3-d

TiNi

Ni
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TiFe TiNi DOS X-ray 

photonelectron spectroscopy; XPS ultraviolet photonelectron 

spectroscopy; UPS [32] Shabalovskaya

XPS UPS TiFe TiNi  [32]

4-7 4-8 [32] XPS

Ti d

UPS 4-8 UPS

2 TiNi

XPS

TiX NiX B2

DOS COHP

TiNi

X COHP

(1) Sc Sc-Ni Ti

(2) Mn, Fe  Co Ti-Mn, Ti-Fe  Ti-Co Ni

(3) V, Cr  Cu (1) (2)

Ti Ni
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4-3(a) B2 TiFe Ti-3d Fe-3d
COHP
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4-3(b) B2 TiNi Ti-3d Ni-3d
COHP
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4-3(c) B2 NiSc Sc-3d Ni-3d
COHP



79 

4-3(d) B2 NiCr Cr-3d Ni-3d
COHP
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4-4 B2 TiNi [29] Kulkova 

4-5 B2 TiNi [30] Fukuda 
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Ni-3d 
Ti-3d 

Fe-3d 

Ti-3d 

Total 

Total 

4-6 B2 TiFe TiNi [31] Cai 
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4-7 TiNi TiCo TiFe XPS [32] Shabalovskaya 

4-8 TiPd TiNi TiCo TiFe UPS [32] Shabalovskaya 
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4.3.4

Sheng [15] Singh [18]

B2 TiNi X

Sheng [15] Sheng TiNi

3 DV-X Mulliken 

population [16] 15

B2 X  Ti8Ni6X  Ti6Ni8X (X = Sc, Ti, V, Cr, Mn, 

Fe, Co, Ni  Cu) 3d

Nakata ALCHEMI [5][6]

VASP Cr Mn

Sheng

TiNi 3 VASP

Singh [18] 3d

(1) Sc Ti

(2) Cr, Mn, Fe, Co  Cu Ni

(3) V Ti Ni

Sc, Fe, Cu  V Nakata ALCHEMI

[5][6] Cr, Mn  Cu

Cr Mn ALCHEMI Shingh



84 

Ni

Ti Ni

Cu

ALCHEMI Shingh

3

X 6.25 at% Shigh 3.125 at% 

Cu

Shigh TiNi 3

COHP

Ti Ni 3 X
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4.4

B2 Ti-Ni-X 3 X

Ti Ni X

X = Sc, Ti, V, Cr, Mn, Fe, Co, Ni  Cu VASP

X

Sc Ti Cr, Mn, Fe Co Ni V Cu

ALCHEMI

Cr Mn

X

DOS COHP X

- DOS

Ti Ni X

B2 TiFe

1 d TiNi 1 NiSc B2

bcc DOS

12

Ti Ni

TiNi

TiNi Ni
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KKR-CPA
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5

3

Fe3C

Fe-Pt Fe-Pd

TiNi 3

2 (Fe3C)

2

Pnma c b a
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2

(c ) (a )

5 K 334 (+20) kJ/m3

3 Fe3Pt Fe-Pd

FP-KKR-CPA Fe-Pt

Fe3Pt c/a 0.93 bct

Muto

T. Yamamoto

Fe-Pd Fe70Pd30

Fe-Pt x = 0.25 0.33

bcc Sugiyama

x = 0.27, 0.31 c/a = 

1.0 fcc Sugiyama bct fct

4 B2 TiNi 3

TiNi ALCHEMI
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ALHEMI VASP

3 COHP

Ti Ni X

X=Sc, Ti, V, Cr, Mn, Fe, Co, Ni  Cu

VASP X

Sc Ti Cr, Mn, Fe Co Ni V Cu

ALCHEMI

Cr Mn

X

DOS COHP

X

B2 TiFe 1 d TiNi

1 NiSc B2

- Ti

Ni X bcc

12

Ti Ni
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