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1. Ensemble Average and Convergence of EMD Simulations 

For the EMD simulations, we carried out 6 to 11 independent runs, and in each run, we have 4 

similar interfaces in the system (Fig. 1 in the main text). The colored curves in Fig. S1a shows 

the raw thermal conductance data from each of the 44 independent ensembles with respect to the 

integration time (see Eq. 1 in the main text) for the hetero-length SAM interface. The bold black 

line indicates the ensemble average over all the 44 data sets. For the Green-Kubo correlation 

method, a single run usually cannot provide converged data due to the lack of ergodicity, 

especially for slow evolving systems. That is why the curves in Fig. S1a are separated from one 

another. This is a feature seen also in other Green-Kubo-based quantity evaluations. 
1
 Using a 

larger number of ensembles with each starts from a different point in the phase space will help 

sampling the whole phase space and thus yield the true value of the thermal conductance of the 

system as indicated by the black curve in Fig. S1a.   

 

 

Figure S1. The interfacial thermal conductance calculated by the EMD method with respect to 

the integration time. (a) Thermal conductance data from independent runs for the hetero-length 

SAM interface and their ensemble average. Each ensemble is represented by a color and the 

averaged data is shown as the block black curve. (b) Comparison of the ensemble-averaged 

interfacial thermal conductance for different interfaces. All the liquid side of the interface 

systems are hexamine, except the last case where a shorter amine, propylamine, is used.  
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Figure S1b shows all the ensemble averaged EMD results of the interfacial thermal conductance 

for different interfaces. We can see a good convergence of the ensemble averaged data of the 

different interfacial thermal conductance values after ~200 ps. We have evaluated three different 

methods to extract the trend out these curves. In one method, we averaged the thermal 

conductance over the 400-500 ps period, and those are the data shown in Fig. 3a in the main text. 

We have also averaged the conductance values from 200 to 500 ps and from 300 to 500 ps, and 

the compiled data are shown in Fig. S2. All three sets of data show the same trend, which 

indicates that the results presented in Fig. 3a are robust and reflect the true physics. Moreover, 

although not in the converged regime, data from 0 to 100 ps in Fig. S1b are most definitively 

separated from one another and they show the same trend as those presented in Fig. 3a in the 

main text and Fig. S2. The error bars represent the standard deviation from averaging the data 

over the given time period.     

 

 

Figure S2. Thermal conductance values obtained from averaging data from (a) 300-500 ps and 

(b) 200-500 ps.  
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2. Interfaces with Non-Polar Soft Material – Hexane  

Using a non-polar soft material, hexane, can eliminate the effect of H-bonds. Figure S3 shows 

the EMD results for the interfacial conductance at three different SAM interfaces with hexane as 

the soft material. Figure S4 shows the averaged conductance values from 200 to 500 ps and from 

300 to 500 ps for the hexane systems. 

 

 

Figure S3. The ensemble averaged interfacial thermal conductance over integration time (see Eq. 

2) for three different types of interfaces with non-polar hexane. Using hexane as the soft material, 

comparison of the averaged interfacial thermal conductance for different types of SAMs from 

EMD calculation, blue: all-CH3 SAM, orange: hetero-length SAM, purple: all-COOH SAM. 

 

 

Figure S4. Thermal conductance values obtained from averaging data from (a) 300-500 ps and 

(b) 200-500 ps for the SAM / hexane interfaces.  

 



 

 S-5

3. Force Field Parameters 

The parameters used in this study are extracted from BIOVIA Material Studio. 
2
 The molecular 

schemes are illustrated in Fig. S5. The atom mass and partial charges are listed in Table S1. The 

C2 next to the S atom has a partial charge of -0.041 and the C2 next to NA has a partial charge of 

-0.0233. The pair coefficients between the atoms on the organic molecules are listed in Table S2. 

The pair coefficients which is associated with the Au is listed in Table S3. The bond, angle, 

dihedral, and improper styles all use class 2 functionals in LAMMPS, and their parameters are 

all listed in Tables S4, S5, S6 and S7.  

 

 

Figure S5. Molecular schemes for (from top to bottom) hexylamine, all-CH3 SAM, all-COOH 

SAM, and hetero-length SAM. 
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Table S1. Atom mass and partial charge. 

 

 

Table S2. Pair coefficients between particles on the organic molecules. 
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Table S3. Pair coefficients associated with gold atom. 

 

Table S4. Bond coefficients. 
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Table S5. Angle coefficients. 
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Table S6. Dihedral coefficients. 
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Table S7. Improper coefficients. 

 

 

4. Comparison of EMD and NEMD Results 

We also used NEMD to calculate the thermal conductance values of three flat SAM interfaces 

and found reasonable agreement with the values from the EMD calculations (Fig. S6).  

 

Figure S6. Interfacial thermal conductance values calculated from EMD and NEMD for 1) all-

CH3/hexylamine, 2) mixed short/hexylamine, 3) all-COOH/hexylamine interface systems. 
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5. Effect of Long Molecular Chain Fraction on Contact Area and Thermal Conductance 

Different number of long chain SAM molecules are studied in the hetero-CH3 SAM/hexylamine 

system. Figure S8 shows that when the fraction of long chain increases from 0% to 16%, the 

surface area increases by 40% and the thermal conductance increases by 79% (Fig. S7b). When 

the long chain fraction increases from 16% to 50%, the surface area only increases by 11% and 

the thermal conductance increases by 11%. Such an observation is interesting. With less long 

SAM chains (from 50% to 16%), the effective surface area should be smaller. However, the 

effective contact area (Fig. S7a) does not change much. This can be attributed to that when there 

are 50% long SAM chains, the space between the long chains are small and liquid penetration is 

less effective, but when the long chains are more sparse, liquid penetration becomes easier. 

Despite this observation, the conductance values still scale well with the effective contact area 

(Fig. S7c), highlighting their inherent correlation. 

 

Figure S7. The effect of the fraction of long SAM chain in hetero-CH3 SAM/hexylamine 

interface on the (a) effective interfacial contact area, (b) interfacial thermal conductance, and (c) 

interfacial thermal conductance relationship with effective contact area. 

 

  



 

 S-12

6. References 

(1). Wang, Z.; Safarkhani, S.; Lin, G.; Ruan, X. Uncertainty quantification of thermal 

conductivities from equilibrium molecular dynamics simulations. International Journal of Heat 

and Mass Transfer 2017, 112, 267-278. 

(2). Dassault Systèmes BIOVIA, Materials Studio, Version 8, San Diego: Dassault Systèmes, 2014. 

 


