1. Write an expression for the Gibbs energy (for one mole of formula unit) for an Fe-M-C ternary
FCC solution phase using a formula unit, (Fe,M)i(va,C):, and derive the expression for the
chemical potential for carbon. Confirm that you are obtaining the following expression.
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<Summary of “Thermodynamic analysis for the size-dependence of Si;,Ge,

nanowire composition grown by a vapor-liquid-solid method” >
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1. Introduction

O] =22 AHMoR MEE size effect of the SiyGe, alloy nanowire composition O| capillarity effect
on the composition of liquid droplet O 2|3 LIEHCH= e Eost™ AitZ2 S At ==0|Ct
Si1-xGex alloy nanowire composition = optoelectronics, sensing, field emission & Ctot ZOFOfAf
g8st £+ Qof, e TS BHOLRLt chemical composition Off [F2t nanowire 2| electronic property 7t
Mol 20, chemical composition & & ZHES{OF Lt O[O, GeH./(GeHq+SiHJ) inlet gas flow

ratio 2t 4% 2S5 ZEESZM nanowire 2| chemical composition = & ZEE = UASS 2o ¢

AALE.

otm ZYEZ AT ofL|2l, wire 2] 37| (diameter)T nanowire 2| composition 0| F&HS =CHs HO|
LA ACE £3], nanowire 2| diameter 7t 5-50 nm 2| range Of|A| ZAg [ff, Ge 2| H|E0| ZAsts=
H40| LtERSECE [M2kA, a more fundamental understanding of the size effect in nanowire alloy 7}
ZastH, 0| ol MAtE2 E99d 2ME TARUCL

2. Thermodynamic approach

O] =20IM AT SEEH2 VLS method O[Tk O E#H2 liquid metal droplet O|Lt catalyst (O]
=20 M= Au pure metal)O| energetically favored site for absorption of gas-phase reactants S22
St, supersaturation 1t nanowire 7t growth 7 &&= A2 SHCE VLS method OlA= 34 2 7HX[ 2
interfacial reaction O| LtEtHHCH AR = vapor @t liquid droplet surface OA{Q| Bt&0|1, CE dtLt=

liquid droplet It solid nanowire AtO[2| interface OfA2| a 1s00

8+-SO|Ct. Si-Ge solid nanowire o] HM1 J&2, 2%F9| phase

diagram Of|A & = RAXO|, liquid droplet 2| composition O] °: 1000 p\  auid

supersaturated region 1t A2tE|0f UZS LIEFACE MHEFA, Siy T‘:: Supersaturated Region

,Ge, nanowire 2| composition 2 HA|HQl composition = E 500 |

supersaturated liquid composition 22 7tX7}= liquid 2+ solid

phase AO|2] EHAEZS 0|83t Of&dd =+ QUL o[, VLS TR

S™YZHOM liquid droplet 2| compositions OfEAH A A& = - Xs; =

UA=X|7b #ZO|CL Liquid composition 2 equilibrium activity of b 1s00

Si/Ge in the vapor phase OAl Of&0] Zts3iCt O|ZE2H

supersaturated liquid phase 2| composition 2 O&g = UL, °: 1000 i

solid nanowire 2| composition Al AHitg o= QT EDH §

liquid @t solid composition 2| AAtZLE size effect O a2t FES  § 5°°\

=0 d2zst = QUshl, size effect & Gibbs-Thompson [

equation 2 O|&%tC} % 0z o4 o6 08 10
Au X Ge

AGG—T = a;Vm ce

o7|M r2 radius, y= surface energy, V,,= molar volume, a= geometrical factor (a = 1 for cylindrical

(wire), a = 2 for spherical (droplet) material) O|C}.



Ge content, at%

Jdziut, of4ot= CHEA equilibrium activity of Si/Ge in the vapor phase 9| AAtZIts 0§ =7
LIEFSECE Ol vapor phase 7t equilibrium state O =EatX| Z5tH, O|0f M2l local equilibrium
between vapor and liquid droplets on the liquid surface ¥A| 788 £ QICH= ZO|CH [}2tA]
equilibrium & EJO| =& 7HA2| vapor phase & 733t 2, equilibrium activity of Si/Ge & #4514,
O|Z local equilibrium between vapor and liquid droplets on the liquid surface & CtA| 78310 liquid

composition 2 A MBI XBHOZ size effect £ HQlst= ALY S HACH

3. Results and discussion

85

55 T T T T 25
gunnmnEs  ® L L
r A - 4 L
801 LadAdAAAL 50 - i 201 jqe00000 o ° a
b i B i g °
A © ) 4 © .'....oo ° s °
| .=:::=:: - - l § ] A A B 55 A A i
o" € O AdAAALL € AAAAALLL
ol ® " X,,=0.20, Xg=0.20, X;,=0.60 8 r * X,,=0.20, X5;=0.40, X . =0.40 S, [a% " X,=020,X,=0.60, X;,=0.20
° 4 Xy,=0.40, X5=0.15, X5,=0.45 8 40 4 X, =0.40, X5;=0.30, X, =0.30 | e 1 4 X, =0.40, X,=0.45, X, =0.15
- * X,,=0.60. X5=0.10, X;,=0.30 « X, =0.60, X=0.20, X =0.20 ®  X,,=0.60, X5;=0.10, X, =0.30
g 0 " Nge V- N A 4 .
65 ' ' ~ : 35 . : 5
0 30 60 90 120 150 0 0 60 90 120 150 0 3 60 9% 120 150

Diameter, nm Diameter, nm Diameter, nm

ArtAL, dEH 22 Sij,Ge, nanowire E AU E W, diameter 7t 70 2t Ge 2| content 7t
S5 size effect 7t LEEHSLCE O = capillarity effect Off 2|3H
bulk liquid 2Lt &2 Gibbs free energy & 7tXl nano
droplet Ol A Si O|L} Ge 2| supersaturation &l= 0| ZAM7|
M=0|Ct. of2fet dietE O 2F5t7| fI8H, Au - Si, Au - Ge
binary liquid alloy system 0 A{2| formation Gibbs free energy &
AL ()1Z 2= FX). ALZADE, Au - Siliquid 2| Gibbs
free energy 7t Au content 7t S7+20f| a2t & rapidly SHA| T~ R T
#d45t=0|, O|= composition O Au-rich ¥efe= Z+0j e} Xg,0r Xg,

Au - Si alloy 7} Au - Ge alloy 2Ct O QPJEl AEfE o|O|FHC}
2tA  capillarity 0| 28 Au-rich &2 Z  liquid
composition O| shift T3, O[0f 2t o 9HEE7| {8l Si-rich
side 2 shift £|+& ZI0|Ct.

Of Ao ohAE2 HEXez Z=FE size dependence of
nanowire composition O] A4tEl gtECH o ACh= FO|Ct Ol

10 : : - :
eutectic temperature OF2{0{ M 2| nanowire growth & A& 35}7| B P L

— g OF Heg

Bulk liquid

Gibbs Energy of Formation

e
o

Au-Si liquid

kJ/gram atom
.
=)

Au-Ge liquid

Gibbs Energy of Formation,

N N XSIorXG.
2|3t kinetic effect & 12{5IX| (U7 EQ A2 FFE|H,
gf2 0| kinetic effect HA| 1Efst] Fost™ AHAZ TS0, I ALE FHof & ZHo=E

2 o
A Ho

st

—



