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Introduction 

 Investigate droplet evaporation under extreme conditions 

 e.g. exteme temperature or pressure gradients, droplet shrinks 

very quickly ,  difficult to measure mass-transfer/heat-transfer. 

Bad statistics   

 

 Steady state evaporation 

 constant radius c 

 constant mass flux 

    

 
H.Ghasemi and C.A.Ward, J.Phys.Chem.C (2011),115,21311 
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Idea of Molecule Insertion 

remove 

Reinsert 

gas 

droplet 
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Two Kinds of Insertion Approaches 

 Bubble method  

 

 

 

 Splitting method 
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Bubble Method : preprocessing 

 Simulations based on YASP, homemade MD code 

 Modification : 

     a: Cluster analysis 

          1. calculate the droplet size  

 

          2. calculate the center of mass (COM) of the droplet 

     b: Constraint method 

          to fix the position of bubble : 

                   harmonic potential: 

     c: Local thermostat 

          Core  area: spherical area around the COM (radius = 2 nm) 

          Shell area : the rest of the droplet and gas phase 

 

evaporation rate  

insertion frequency 
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1. Select the farthest molecule  (referring to COM) 

 

2. Move the COM of the molecule  to the center of the bubble 

 

3. Switch on the Gaussian form potential for the nonbonded interactions 

between  bubble and the inserted  molecule 

 

4. After a certain number of time steps, switch off the Gaussian form 

potential and turn on the normal LJ 12-6 potential 

Bubble Method : insertion process 
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Bubble Method : soft potential  

Gaussian function 

 

𝑦 = 𝑦0 + 𝐴𝑒
− 𝑥−𝑥𝑐
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Testing System 

 System: ethanol 

 

 Size: 8192 molecules 

 

 Temperature : 300 K 

 

 Simulated in NVT ensemble 

CH

3 
CH

2 

O H 

12 6

2

0

1 2
4

4

ij ij i j ijnonbond LJ C

ij ij ij ij

ij ij ij c c

q q r
U U U

r r r r r

 




      
                        



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  10 

 

Bubble Method : Insertion process 
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Bubble Method  
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Bubble Method  

0 10000 20000 30000 40000
-300000

-200000

-100000

0

100000

 

 

E
n

e
rg

y
 /
  
(K

J
/m

o
l)

Time steps

 Total Energy

 Total Energy without Insertion

 Kinetic Energy

 Kinetic Energy without Insertion

 Potential Energy

 Potential Energy without Insertion



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  14 

 

Splitting Method 

Modification : 

     a: Cluster analysis 

     b: Local themostat 

     C: Insertion process 

          1. Select the farthest and nearest molecules 

          2. Copy the coordinates of the nearest molecule to the farthest molecule 

          3. Switch on the Gaussian form potential for the interactions  between the 

two  spiltting molecules  

         4.  After one insertion period, turn on the normal LJ 12-6 potential for the 

nonbonded interactions between the two spiltting molecules  
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Splitting Method  

Splitting process 
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Splitting Method  

Longer run to test the stability 
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Splitting Method  
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Zhang, Leroy & Müller-Plathe,J. Chem. Phys. 139, 134701 (2013)  
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Conclusion 

1. Both of the bubble and splitting methods work. 

 

2. Compare these two methods, at lower insertion frequencies and for 

smaller molecules, both methods can be used, but at higher insertion 

frequencies and larger molecules, splitting method works better. 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  19 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  20 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  21 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  22 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  23 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  24 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  25 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  26 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  27 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  28 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  29 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  30 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  31 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  32 

 



28.04.2017  |  Haoxue Han | Theoretical Physical Chemistry| Group of Prof. Florian Müller-Plathe  |  33 

 


