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Abstract: Taking Au-Cu system as an example and being guided by systematoic science philosophy, the following
contents are introduced: the alloy gene (AG) sequences and Gibbs energy transmission function of AG-holographic
information; equilibrium and subequilibrium transmission models on disordering AuCul( A?“Af“) compound; the
equilibrium holographic network phase diagrams (HNP) of AuzCu-, AuCu- and AuCus-type sublattice systems. The
buleprints to predicate holographic information for designing advanced alloys are the equilibrium and subequilibrium

HNP-diagrams of Au-Cu system, which describe the relationships among component, composition, structure, properties
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and temperature. The road algorithms to realize network, information and intelligence designing advanced alloys are that

“basic component system — AG-sequences — equilibrium HNP-diagrams of sublattice systems —equilibrium and

subequilibrium HNP-diagrams of alloy system—AG-engineering—holographic knowledge and database”, which is

called as the holographic alloy positioning design system (HAPDS).

Key words: Au-Cu system; alloy gene sequences; equilibrium and subequilibrium holographic network phase diagrams;

holographic alloy positioning design system; systematic metal materials science
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Fig. 1 Three structural unit sequences: (a) Basic coordination cluster sequences and AG-sequences: Bé*“--- B?“---B{;“,

BS B BSY and ANV APV ABY, AS AU AS" 5 (b) Characteristic  crystal-sequences:  Cgt---Cit---Chy*
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Fig. 2 AG-characteristic crystals theory and AG-properties: (a) AG-theory based on experimental techniques or the first-principles
electron theory of alloys; (b), (¢) AG potential energies giA“ and gl-c iA“ and vl.Cu sequences; (d), (e)

Potential energy curves of alloy genes: Wi (r)---W " (r)---5 (r), WS (r)--- W, (r)--- W (r) 5 (), (2) Gibbs energy levels:
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Fig4 AG! —T -x EHNP diagrams and TAG“‘ —x EHNP diagrams of Au;Cu-, AuCu- and AuCu;-type sublattice system: (a)
Three-dimension AG" —7 —x EHNP diagrams of Au;Cu-type sublattice system; (b) 7—x equilibrium phase diagram with
iso-mixed Gibbs energy TAGm —x curves of Au;Cu-type sublattice system; (c) Three-dimension AG." —7 —x EHNP diagrams of
AuCu-type sublattice system; (d) 7—x equilibrium phase diagram with iso-mixed Gibbs energy TAG"‘ —x curves of AuCu-type

sublattice system; (e) Three-dimension AG." —7 —x EHNP diagrams of AuCu;-type sublattice system; (f) T—x equilibrium phase

diagram with iso-mixed Gibbs energy TAGm —x curves of AuCu;-type sublattice system
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Fig. 5 o,-T-x EHNP and 7 -x EHNP diagrams of Au3Cu-, AuCu- and AuCu;-types sublattice system: (a)
Three-dimension ¢, —7 —x EHNP diagrams of Au;Cu-type sublattice system; (b) 7—x equilibrium phase diagram with iso-order
degree T —x curves of AuzCu-type sublattice system; (c) Three-dimension o, —7 —x EHNP diagrams of AuCu-type sublattice
system; (d) 7—x equilibrium phase diagram with iso-order degree 7 —x curves of AuCu-type sublattice system; (e)
Three-dimension o, —7 —x EHNP diagrams of AuCu;-type sublattice system; (f) 7—x equilibrium phase diagram with iso-order
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Table A.1 Valence electron structures (number of free electrons (sg), covalent electrons (s., d;) and non-valent electrons (d,)) ,
volumes(v), potential energies (¢) and single bond radii (R) of alloy genes, cohesive energy (E.), Debye temperatures (¢) and bulk

moduli (B) of characteristic crystals

ce valence electrons in outer shell v/ &/ R/ E./ o/ B/
i d, d, Se St 103 nm® (eVatom™) 10'nm  (Jmol™) K GPa

Au characteristic crystal

C(f“” 3.4013 5.8506 0 1.7481 16.9581 —3.8130 1.3428 368000 165.00 170.99
ci 3.4016  5.8523 0 1.7461 16.9524 —3.8146 1.3426 368162 165.06 171.17
Cf‘” 3.4007 5.8578 0 1.7415 16.9353 —3.8197 1.3423 368647 165.22 171.69
c 3.3995 5.8669 0 1.7336 16.9067 —3.8281 1.3417 369456 165.49 172.58
cM 3.399 5.8793 0 1.7216 16.8667 —3.8398 1.3409 370589 165.87 173.83
ci 3.3994  5.8951 0 1.7055 16.8152 —3.8549 1.3397 372046 166.37 175.45
ci 3.3998 59143 0 1.6859 16.7524 —3.8733 1.3383 373826 166.98 177.46
c 3.4005 5.9368 0 1.6627 16.6780 —3.8951 1.3367 375929 167.70 179.86
c 3.4014 59626 0 1.636 16.5923 —3.9203 1.3348 378357 168.52 182.68
C9Au 3.404 5.9912 0 1.6048 16.4951 —3.9488 1.3326 381108 169.47 185.94
i 3.4074  6.0229 0 1.5698 16.3865 —3.9806 1.3302 384182 170.52 189.67
Cfi‘” 3.4138 6.0569 0 1.5293 16.2665 -4.0159 1.3274 387581 171.70 193.89
che 3.4218  6.0936 0 1.4847 16.1351 —4.0544 1.3244 391303 172.99 198.65
Cu characteristic crystal
st 42877  5.0495 0 1.6628 12.3631 —3.6478 1.1793 352055 345.81 134.68
cr 4.3485 5.0119 0 1.6396 12.3593 -3.6212 1.1782 349491 344.58 133.76
C2C” 4.411 4.9762 0 1.6129 12.3478 —3.5969 1.1768 347150 343.53 133.05
ce 44737 49426 0 1.5837 12.3287 —3.5750 1.1753 345031 342.66 132.56
C4Cu 4.5366 49111 0 1.5523 12.3019 —3.5553 1.1735 343136 341.96 132.27
cs 4.6006  4.8815 0 1.5179 12.2675 —3.5380 1.1715 341463 341.45 132.20
cst 4.6648  4.8540 0 1.4812 12.2254 —3.5230 1.1693 340014 341.10 132.34
cst 47309  4.8282 0 1.4409 12.1757 -3.5103 1.1669 338787 340.96 132.70
CSC“ 4.7982 4.8042 0 1.3976 12.1183 —3.4999 1.1642 337784 340.99 133.28
st 4.866 4.7821 0 1.3519 12.0533 -3.4918 1.1612 337003 341.21 134.09
cy 49345 47618 0 1.3037 11.9807 —3.4860 1.1581 336446 341.61 135.15
CICI“ 5.0053 4.7429 0 1.2519 11.9003 —3.4826 1.1547 336111 342.20 136.44
Ccy 5.0778  4.7254 0 1.1968 11.8124 —3.4814 1.1511 336000 343.00 138.00
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Fig. A.1 Schemes of cell, chromosome and DNA: (a) Scheme of cell structurel®?; (b) Scheme of chromosome!®™; (¢) Scheme from

chromosome to DNA®
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Fig. A.2 Curves of AG-thermodynamic properties in Au-Cu system: (a), (b) Generalized vibration heat capacity curves:
CA“‘Vn-C}‘;“‘V---C;uz‘V s CC“‘V---CS?‘V---CIS“J ; (), (d) Generalized vibration energy curves: UG- .UMY...US™ ,

p.0 p.0
US™ ..U - .US™; (e), () Generalized vibration entropies curves: Si™Y...SAWY...gAmY = gfuv .. gCuv .. gCuv. (g, (h)
Generalized vibration free energy curves: X"V... X AV... x50, xSWY. x Y. x 5™V (i), (j) Enthalpy of formation curves:

HM - HM - HE, HE - H - HS"; (K), (1) Gibbs energy curves: Gg -G -Gy, G -GS -GS
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Fig. B.1 EHNP and SHNP diagrams of Au-Cu system by SMMS, experimental jumping temperatures and calculated phase

diagrams by CALPHAD- and QMAC-thermodynamics: (a) EHNP diagram with iso-order degree T —x curves and experimental

Jjumping T5(x) points®; (b) SHNP diagram with iso-order degree T —x curves and experimental jumping 7j(x) points™; (c) EHNP

diagram with isotherm AG, —x curves; (d) Subequilibrium phase diagram with isotherm AG, —x curves; (e) Experimental

jumping 7 temperatures, erroneously considered as equilibrium critical 7, temperatures

! and experimental limit composition

ranges of long range ordered (LRO) AusCu-, AuCu- and AuCus-type at room temperature™ >¥; (f) Calculated Au-Cu phase

diagram; (g) Calculated Au-Cu phase diagram®"; (h) Calculated Au-Cu phase diagram™*; (i) Calculated Au-Cu phase diagram!
(j) Calculated Au-Cu phase diagram

[66]

[65].
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Fig. C.1 Minimal mixed Gibbs energy AG

m
min

— T path on equilibrium order=disorder transition of stoichiometric Au;Cu alloy:

(a) Iso-order degree Gibbs energy AG.) —T path method; (b) Isothermal Gibbs energy AG; —o path method; (c)

AG(AGn,) — T path on equilibrium order==disorder transition of stoichiometric AusCu alloy; (d) o —T path on equilibrium

order=—disorder transition of stoichiometric Au;Cu alloy
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Fig. C.2 EHNP charts with EHNP curve of the first order thermodynamic properties on disordering Au3Cu((Afu )3 Ag“) : (a)
Three-dimension mixed Gibbs energy AG™ —T —o EHNP chart with AG" —T paths; (b) AG." —T path; (c) Three-dimension
mixed characteristic Gibbs energy AG™ —7 —¢ EHNP chart with AG,™ —T path; (d) AG;™ —T path; (¢) Three-dimension
mixed enthalpy AH™ —T —o EHNP chart with AH' —T path; (f) AH" =T path; (g) Three-dimension mixed potential energy
AE™ —T — o EHNP chart with AE]" —T path; (h) AE]" —T path; (i) Three-dimension mixed volume AV™ -T -o EHNP
chart with AV" —T path; (j) AV." — T path; (k) Three-dimension configurational entropy §¢—T —c EHNP chart with SJ -7
path; (I) S -7 path; (m) Three-dimension generalized vibration energy AU™' —T —o EHNP chart with AU —T path; (n)
AU —T path; (o) Three-dimension generalized vibration entropy AS' -7 —¢ EHNP chart with ASY —T path; (p) AS) -T
path; (q) Three-dimension configurational entropy energy TAS® —T —o EHNP chart with TAS; — T path; (r) TAS; —T path; (s)
Three-dimension generalized vibration entropy energy TASY —T —c EHNP chart with TAS) —T path; (t) TAS) —T path; (u)
Three-dimension generalized vibration free energy AXY —T —o EHNP chart with AX) —T7 path; (v) AX) —T path
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B D.1  Au,Cu-BUUAK 5 RGEH g —x — T Vi 4 B I £% AT

Fig. D.1 EHNP diagrams of ¢g—x—T of Au;Cu-type sublattice system: (a) Mixed Gibbs energy AG™ —x—T three-dimension
EHNP diagram; (b) Mixed characteristic Gibbs energy AG ™ —x—T three-dimension EHNP diagram, without including
configuration entropy; (c¢) Mixed enthalpy AH™ —x—T three-dimension EHNP diagram; (d) Mixed potential energy
AE™ — x—T three-dimension EHNP diagram, without including variations in AG-potential energies with temperatures; (¢) Mixed
volume AV™ —x—T three-dimension EHNP diagram; (f) Generalized mixed vibration free energy AX' —x—T three-dimension
EHNP diagram; (g) Generalized mixed vibration energy AU' —x—T three-dimension EHNP diagram, including variations in
AG-potential energies with temperatures; (h) Generalized mixed vibration entropy ASY —x—T three-dimension EHNP diagram,; (i)
Heat capacity cf; —x—T three-dimension EHNP diagram; (j) Thermal expansion coefficient o —x—T7 three-dimension EHNP
diagram; (k) Activity a,, —x—T three- dimension diagram; (I) Activity g, —x—7 three-dimension diagram
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Table E.1 AGA-crystal structures of alloy phases in Au-Cu system

L ‘ S
Phase Basic lattice Alloy gene at site AGA-cell gf:jg
Pure Au FCC-Lattice 4" [44,"] Fm3m
Pure Cu FCC-attice 45 (445" ] Fm3m
o AuCu AN (1), 4, (2) (24" (1),24," (2)] P4/mmm
OEEZS AuCu;  Au(1) Sublattice A (1), 4% (2) A 1,34 ) s
P AwCu  Cu(2) Sublattice A% (1), 45 (2) 34" (1), 45" ()] Pm3m
AuCu- 2D M () x, AN +x (1) x5, A7), o
mmm
type Au Au Cu Cu
“ v wy 23 M) x AN +x(2) /x. A
Auprich LGy 4 2 ) g ) 2T D 5 AT 45T AT
sublattice Au Au Cu Cu
Ordored AuCts- " O 0 A7+ O e, A"
alloys ~ YPe . 3 (M (2) /AN + 2 (2) ) 3 4]
-T1C u u u u
sst()lzttice DM @) g AN+ () x A7) ) _ .
AusCu- B W xp d™ 45" D x4
mom
type 3 @) g AN+ 3 (2) ) x, A

Disordered alloys FCC-basic lattice z ( xl,A“ Alf\“ + xl,c"‘ A™) 4[2 (xiA“ AI,A“ + xiC“ A7) Fm3m

i i




2830 R 4 A AR 2015410 A

Cu
i, <=3 6638V
£hp=3.837eV Bl 1

(@

o

N e\ ‘8
‘ N — T \ 4 6
&0 \ g 0 2
s e 4 2

(e +e5")-(11D)

Qu_
ea=amo5e

L1, - Au;Cu

Au_
\58,0_3'91%\/

/

0\ .
Y 5
\ N 0
S 0
A
(65" +e5") - (11D)
Au _
@) e &5=4.0534eV
4]
Qi
. _ Al/;u 2 586—3,5()176V
[}
5\
Cu \
() — 4 B\
8 10\
SA\\
0\ -
10
5"

(62" 65" )=(1D)

L1, - AuCu,
E.1 L1,-AusCu. Llg-AuCu Fl L1,-AuCus 465 W) (145 4 28 PR /ARHAE Ji - HEZ S IR (1 11) — ARE 3k i

Fig. E.1 Characteristic atom arrangement cells and potential energy wave (111) planes of compounds L1,-Au;Cu, L1p-AuCu and

L1,-AuCus: (a),(b) L1,-AusCu; (c),(d) L1o-AuCu; (e),(f) L1,-AuCus

itk F: §EERAFIERTHIIMEIER

B eI SR AL T HS M BRI ELAES W R © MU& MR RS WRE NN A @
SEST B R 2 A R (R BRI, VRSN AN @ RS SR B RO . B R BT
7NN FCC HEAHE - Ti-Al Z& o LR LS P 1 DR A0 B o 25 45 )



525 %4 10 ] P, A SRR SR MZOHEM SR AR iR SR RS 2831

[(Tid)4,ﬁ(lep)o,4] [(Tid),5(Tid)4,0] [(Tid) (Tid) o]
i Q®
Ti
42
Al
: O Vo6
é L [(Tid)55(Alp)os6
1) W |/
% 2¢ . o a
[(Alp)g,z(Alp)gng]  [(Tid)4,5(Alp)g.al] s
(@)
[(Alp)s’s_(:lp)sut] [(Alp)g,g{(Alp)gsg] .
[Tz A = @ v,
O wiu
O vis
[(Tid);o5(Tid)255]  [(Tid);25 (Alp)g.a]
(©)
[(Alp)g,5(Alp)gs] [(Alp)e(AlD)ag]
» Ti
‘ ‘//1Tzl,o . V3.0
Tid)zs(Alp)ss
[(Tid)g(Tid)gso] © [(Tid)g5(Alp)as]
o N - O vi
O V3.6
a
a
@ (e)

F.1 FCC FEAMET Ti-Al 2 UMb G )1 S IR 2R 9 2% 254y
Fig. F.1 Atomic states and bond network structures of some compounds in FCC-based Ti-Al system: (a) D0,,-TizAl; (b) L1,-TizAl;
(¢) D0,,-TiAls; (d) L1,-TiAls; (e) L1-TiAl
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Fig. G.1 EHNP- and SHNP-charts on disordering AuCuI(AgA“Af“) : (a) Minimal mixed Gibbs energy AG

m

— T path obtained

by iso-order degree Gibbs energy equilibrium path method; (b) Experimental mixed enthalpy AH —7 path method based on

network chart of iso-order degree mixed enthalpies equilibrium paths, attaching equilibrium AH]" —T path; (c) AGL,

m

(OABC)

and AG," (Oabc) paths of equilibrium and subequilibrium order—disorder transitions, where AG)" denoting superheated driving

Gibbs energy; (d) o, (OABCD) and o, (OabcD) paths of equilibrium and subequilibrium order—disorder transitions, where Aoy,

denoting hysteresis order degree

(To be continued)
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Fig.G.2 AG-concentration SHNP charts on disordering AuCul(4:"45"): (a), (b) Three-dimension x™ —7—; and x™* —T—i

SHNP charts; (c), (d) Two-dimension iso-order degree xf; —i and sz(lJl' —i SHNP charts; (e), (f) Two-dimension iso-Gibbs energy

AU _ 5 and xicu —o SHNP charts
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Fig. G.3 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(Aé\“Af“) :
(a) Three-dimension mixed Gibbs energy AG™ —T—o EHNP chart with AGF —T and AG" -T paths; (b) AGS -T and

AG" —T paths
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Fig. G4 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering  AuCul(4g"AS™) :

(a) Three-dimension mixed characteristic Gibbs energy AG™ —T —o EHNP chart with AG;™ -7 and AG;™ -T paths; (b)

AG.™ —-T and AG™-T paths
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Fig. G5 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering  AuCul(4g™"A5™) :
(a) Three-dimension mixed enthalpy AH™ -T-o EHNP chart with AH-T and AH -T paths; (b) AH-T and

AH —T paths
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Fig. G6 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering  AuCul(4g"AS™) :
(a) Three-dimension mixed potential energy AE™ —-T —o EHNP chart with AED -7 and AE —T paths; (b) AE] —T and

AE =T paths
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Fig. G7 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(A?“Af“) :
(a) Three-dimension mixed volume AV™ —-T-o EHNP chart with AV -T and AV"-T paths; (b) AV -T and

AV," =T paths
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Fig. G.8 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(A?“Af“) :
(a) Three-dimension configurational entropy S°-T7-¢ EHNP chart with S -7 and S;—T paths; (b) S; -7 and S;-T
paths
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Fig. G.9 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(A?“Af“) :
(a) Three-dimension generalized vibration energy AU™' -T—¢ EHNP chart with AUM -T and AUM™'-T paths; (b)
AU -T and AU —T paths
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Fig. G.10 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(Ag“‘Af“) :

(a) Three-dimension generalized vibration entropy ASY -T—o EHNP chart with ASY -7 and ASY -7 paths; (b) AS; -T
and AS -T paths
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Fig. G111 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(Ag“‘Af“) :
(a) Three-dimension configurational entropy energy 7S¢-T-—o EHNP chart with 7S; -7 and 7S -7 paths; (b) 7S5 -T

and 7SS —-T paths
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Fig. G112 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(Ag“‘Af“) :
(a) Three-dimension generalized vibration entropy energy TASY —T —o EHNP chart with TASY -7 and TAS; —T paths; (b)

TASy —-T and TAS/-T paths
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Fig. G.13 EHNP charts with EHNP and SHNP curves of the first order thermodynamic properties on disordering AuCuI(Aé“Af“) :
(a) Three-dimension generalized vibration free energy AX'-T-o EHNP chart with AX) -7 and AX]-T paths; (b)
AX{-T and AX]-T paths
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Fig. G14 The second order thermodynamic properties (heat capacity) on disordering AuCuI(A?“Af“): (@) cpe—T and

cps —T paths on c,—x-T EHNP diagram; (b) cpe —T and cps —T paths
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cps —T paths on c,-T-o EHNP diagram; (b) cpe —o and cps — o paths
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Fig. G19 The 3(RA-SA) mechanism and schemes of cell-scale and region-scale heterogeneities on disordering AuCuI(AéA“Af“) :
(a) AG arranging structure after A-manner alternating in 3(RA-SA) mechanism of three A?“ - A4C“ pairs in a single cell; (b) AG
arranging structure after B-manner alternating in 3(RA-SA) mechanism of three A4C“ - A8Au pairs in a single cell; (c) AuCu(H) alloy
containing three regions with cell-scale heterogeneity; (d) PTP-[AuCul(H)+PAP-AuCull] alloy containing three regions with
region-scale heterogeneity; (¢) AG arranging structure of a early SPAP-AuCull cell
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