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Outline 

• What this presentation is NOT about 

• Experiments 

• Theory 

• Generalization (if time allows) 



Amorphous Bulk Materials—Glasses 

“Glass transitions in metals” 

W L Johnson et al. Science 2011;332:828-833 

Geotechnical Engineers Angell et al 

“Melt spinning process” Wikipedia  

Your local Sporting Goods store 

This presentation is 
NOT about glasses. 



Double-Source Evaporator 

Binary systems: Sn-Au-(Sb, Bi, In, Pb, Zn, Cu) 
Ternary system: Sn-Au-Pb ~1991-2006 

 Sn 

 Au 

with Nanoparticles 

H. Yasuda and H. Mori, Osaka University, Japan 

Au-Sn Binary (Bulk) 
Phase Diagram 

In situ TEM 
Hot, dry metallurgy 



amorphous/ 
 disordered 
   structure 



2
9

3
K

   
am

o
rp

h
o

u
s 

 s
al

t 
&

 p
ep

p
er

 
5

5
1

K
   

  a
m

o
rp

h
o

u
s 

7
7

3
K

   
   

liq
u

id
 

2
9

3
K

   
am

o
rp

h
o

u
s 

   
sa

lt
-p

ep
p

er
 



High-Pressure Transformations in Lead-
Telluride Nano-Particles  J. Fang et al, NANOLetters ‘11, ‘13 

6 nm 

 
6 GPa 

 
16 GPa  

 

/ 

 

Bulk Phase Diagram 



Amorphization of Elemental Metals 
molten 
 tip 

vacuum 

STEM analyzer 

Nanoparticles 
of 15 elemental 

metals plus silicon 
and germanium  

sprayed in vacuum 
solidify into 

amorphous phase. 



Phase-Field Explanation 

 

amorphous 
nanophase 

 

 

What is the nature of 
the amorphous phase? 
 
What is the relation 
between the 
amorphous phase and 
the bulk phases? 
 
No explanation! 



Two-Phase Closed-System Thermodynamics 

                     [X2]                     

X2
/t 

First-order close to second-order 

Two Constrains: 
1) Closed system 
2) Small system 

--Interface energy 
--Interface thickness 

U2 

Acta Materialia 61, 1106-1117 (2013) 

Two Criteria 
1) Material parameters criterion 
2) Specific range of compositions 



Size-Composition 
  Phase Diagram 

        
      5  
Interface 
thickness 
10 nm 
 
          

Small system 

Experiment 1: 
Cold, wet chemistry 

Experiment 2: Expose the 
NanoParticles to the wind 
of tin or gold atoms. 
Prediction: NP should 
transform to the respective 
intermetallic phase 

Surface and Interface of NanoParticle 

SABi___     
1D: 1.5 

Interface 
thickness 
2 nm   



High-Pressure Transformation in Pb-Te NPs 
  

 

Spinodal Phenomenon 

4

4

13

3

22

2

1
)(   BPPaGG S



High-Pressure Transformation in Pb-Te NPs 

  
 



Conclusion 

 

amorphous 
nanophase 

 

 

The  explanation that 
the amorphous 
nanophases is 
represented by the 
transition state of the 
free energy works! 




