
 

Journal Pre-proof

Violation of the Stokes-Einstein relation in Ge2Sb2Te5, GeTe,
Ag4In3Sb67Te26, and Ge15Sb85, and its connection to fast
crystallization

Shuai Wei , Christoph Persch , Moritz Stolpe , Zach Evenson ,
Garrett Coleman , Pierre Lucas , Matthias Wuttig

PII: S1359-6454(20)30391-8
DOI: https://doi.org/10.1016/j.actamat.2020.05.044
Reference: AM 16054

To appear in: Acta Materialia

Received date: 4 May 2020
Accepted date: 17 May 2020

Please cite this article as: Shuai Wei , Christoph Persch , Moritz Stolpe , Zach Evenson ,
Garrett Coleman , Pierre Lucas , Matthias Wuttig , Violation of the Stokes-Einstein relation in
Ge2Sb2Te5, GeTe, Ag4In3Sb67Te26, and Ge15Sb85, and its connection to fast crystallization, Acta Ma-
terialia (2020), doi: https://doi.org/10.1016/j.actamat.2020.05.044

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

https://doi.org/10.1016/j.actamat.2020.05.044
https://doi.org/10.1016/j.actamat.2020.05.044


 1  

Vi ol ati o n of t h e St o k e s- Ei n st ei n r el ati o n i n G e 2 S b 2 T e 5 , G e T e, A g4 I n3 S b 6 7 T e 2 6 , a n d G e1 5 S b 8 5 , a n d it s 
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Fi g u r e 2. E x a m pl e of d y n a mi c str u ct ur e f a ct ors S( q,  ) of G e 2 S b 2 Te 5  m e as ur e d b y q u asi- el asti c 

n e utr o n s c att eri n g ( Q E N S) at 7 3 0 ° C. ( a ) S ( q,  ) a s a f u n cti o n of e n er g y tr a nsf er ħ   a n d 

m o m e nt u m tr a nsf er q . (b ) Ex a m pl e of t h e c o h er e nt s c att eri n g at t h e c h ar a ct eristi c l e n gt h s c al e at 

t h e first str u ct ur e f a ct or m a xi m u m q 0 = 2. 0 Å - 1 t o d et er mi n e t h e str u ct ur al r el a x ati o n ti m e τα . (c ) 

E x a m pl e of t h e i n c o h er e nt s c att eri n g at l o w- q  t o o bt ai n t h e diff usi vit y D . T h e fit s yi el d t h e 

r el a x ati o n ti m e τα  ( b) a n d τin c  ( c), r es p e cti v el y (s e e M et h o ds). 
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Fi g u r e 3 . α-r el a x ati o n ti m es τα  d et er mi n e d fr o m Q E N S at t h e first str u ct ur e f a ct or m a xi m u m q 0  

f or P C Ms.  T m  i n di c at es t h e m elti n g t e m p er at ur e f or AI S T (T m = 8 1 0 K), G e 2 S b 2 Te 5  (T m = 8 9 4 K), 

G e 1 5 S b 8 5  (T m = 8 6 5 K), a n d G e Te ( T m = 9 9 7 K).  Err or b ars i n di c at e t h e st a n d ar d d e vi ati o n.  
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∂

∂t
G s ( r, t ) = − 𝐷 ∇ 2 𝐺 𝑠 ( 𝑟, 𝑡 )            

 

𝑆 𝑖 𝑛 𝑐 ( 𝑞, 𝜔 ) =
1

𝜋

𝐷 𝑞 2
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 1 0  

Fi g u r e 4 . ( a) M e a n s elf- diff usi o n c o effi ci e nts D  of G e2 S b 2 Te 5 , G e Te, AI S T, a n d G e1 5 S b 8 5  a b o v e 

t h eir r es p e cti v e T m d eri v e d fr o m t h e i n c o h er e nt s c att eri n g at l o w- q . Err or b ars i n di c at e t h e 

st a n d ar d d e vi ati o n. T h e H W H M Γ = ħ /τin c  is pr o p orti o n al t o q 2  at l o w- q r a n g e f or ( b) G e Te ( q 2  ≤ 

2. 3 Å - 2), ( c) G e2 S b 2 Te 5  (q
2  ≤ 1. 2 Å -2 ), ( d) AI S T (q 2  ≤ 1. 0 Å - 2), a n d ( e) G e1 5 S b 8 5  (q

2  < 1. 3 Å - 2). At 

l ar g e q , a d e vi ati o n fr o m t h e li n e ar fit is o bs er v e d, w hi c h is si mil ar t o t h at r e p ort e d f or 

G e S b 2 Te 4 [ 2 0].   

 

 

-

-

-

- - -

-

-

-

-

- -

-

- - -

- -

-  - -

-

- -



 1 1  

-

-  

-

-

-

 

 

 

 

- -  

 

                 

 

             



   

                  

   -

-

-



 1 2  

- - -

 



 1 3  



-

  

 

   

- - - -



 1 4  

-

-

 

 

 

 

-

- -

-

-



 1 5  

 

-

-

- -

- -

-

-

- - -

-

- -

-

 

-

-

-

-

-

- -

- -



 1 6  

- -

-

-

 

 

 



-

 

 



 1 7  

-

 

 

 

-



 

- 



-

- -



 1 8  

 -

-

- - -  - -

 

- -

 

-

-

-

-  

 

 

- -

 

 -          



 1 9  

 

      -
        

    

      -          

 

-

  -

-

 

- -

- -

-



 2 0  

 

Fi g u r e 7. T h e fr a cti o n al St o k es- Ei nst ei n r el ati o n f or G e 2 S b 2 Te 5 , G e Te, AI S T, a n d G e1 5 S b 8 5 .  T h e 

sl o p e of  t h e [l o g( D) vs. l o g(τ α / T)] pl ot is t h e fr a cti o n al e x p o n e nt ξ . For G e 2 S b 2 Te 5 , t h e li n e ar 

fitti n g (r e d li n e) is li mit e d i n t h e r a n g e ≤ 1 1 2 0 K, w h er e Dτ α / T d e vi at es fr o m t h e c o nst a nt i n 

F i g. 5( a- c), a n d yi el ds ξ = 0. 6 3 ± 0. 0 4, w hi c h is c o m p ar a bl e t o t h at of G e S b2 Te 4  ( ξ = 0. 6 0) 

r e p ort e d e arli er. T h e d as h e d li n e i n di c at es t h e s c e n ari o f or ξ = 1. T h e d at a fitti n g f or AI S T yi el ds 

ξ = 0. 3 6 ± 0. 0 4, a n d f or G e 1 5 S b 8 5  yi el ds ξ = 0. 4 6 ± 0. 0 3. I ns et: T h e l o g-l o g pl ot f or G e Te. T h e 

d as h e d li n e i n di c at es a r ef er e n c e sl o p e of ξ = 1, w h er e as t h e bl u e s oli d li n e is a li n e ar fit fr o m T m  

t o 1 1 0 0 K wit h ξ = 0. 6 5 ± 0. 0 3. 
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Fi g u r e 8 . T h e e x p eri m e nt al diff usi viti es of AI S T fr o m Q E N S (r e d d ots) a n d t h e c al c ul at e d diff u-

si viti es fr o m t h e cr yst al gr o wt h d at a of m elt- q u e n c h e d s a m pl es usi n g t h e Wil s o n- Fr e n k el m o d el 



 2 2  

( bl u e di a m o n ds). T h e r e d c ur v e is gi v e n b y t h e fr a cti o n al S E R wit h a n e x p o n e nt ξ = 0. 3 6, w hil e 

t h e bl ac k d as h e d li n e is o bt ai n e d ass u mi n g t h e v ali dit y of t h e S E R.  
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