
This is the accepted manuscript made available via CHORUS. The article has been
published as:

Spatial nonuniformity in heat transport across hybrid
material interfaces

Yansha Jin, Chen Shao, John Kieffer, Michael L. Falk, and Max Shtein
Phys. Rev. B 90, 054306 — Published 25 August 2014

DOI: 10.1103/PhysRevB.90.054306

http://dx.doi.org/10.1103/PhysRevB.90.054306


 

 Page 1 of 28 

Spatial Non-uniformity and Heat Transport Across Hybrid Material 

Interfaces 

Yansha Jin1,2, Chen Shao2, John Kieffer2, Michael L. Falk1 and Max Shtein2 

1Materials Science and Engineering, Johns Hopkins University,  
Baltimore, Maryland 21218 USA 

 

2Materials Science and Engineering,  
University of Michigan, Ann Arbor, Michigan 48109 USA 

 

 

Abstract 
 

Successful thermal management in nanostructured devices relies on control of interfacial thermal 

transport. Recent measurements have revealed poor thermal transport across interfaces between 

two dissimilar materials, e.g. organic semiconductors and metals. In such systems, the interfacial 

thermal conductance, Gb , is dominated by the strength of interfacial bonding, but existing 

analytical models still fail to accurately predict Gb , especially for organic-metal interfaces. 

Growing interest in this research area calls for comprehensive understandings of interfacial 

thermal transport across hybrid material interfaces. Here we demonstrate that spatial non-

uniformity has to be assessed in the calculation of Gb for interfaces with partial coverage or 

incommensurate growth that is characteristic of these interfaces. The interface between copper 

phthalocyanine (CuPc) and F.C.C metals (Ag, Al, Au) exhibits a six-fold difference between the 

metal’s (~ 4 Å) and organic molecule’s (~ 25 Å) lattice constant. Molecular dynamics 

simulations reveal the spatial variation of Gb, and a model is developed that considers the spatial 

variations in phonon transmission, successfully predicting Gb for many organic-metal interfaces. 
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I.   INTRODUCTION 

Strong interest in organic materials persists due to their wide range of applications in 

nanostructured devices, including lighting1-3, displays4-6, transistor-based logic7-9, radio 

frequency identification10,11, solar electricity generation12,13 and, most recently, thermoelectric 

energy conversion14-16. The performance of these devices is often related to and limited by the 

thermal transport within the nanostructures and across dissimilar interfaces (e.g. between the 

active layers and electrodes, electrodes and packaging, etc.) common to these structures17-19. The 

ability to predict interfacial heat transport based on constituent material properties is therefore 

valuable, yet remains impossible in many important cases.  

 Interfacial thermal conductance, Gb , can be quantified as Gb=qint/∆T, where qint is the 

heat flux across the interface and ∆T stands for the interfacial temperature drop20-23. Advanced 

experimental techniques enable accurate measurements of Gb
24-26. Figure 1 shows many of the 

experimentally measured Gb values27-35, categorized by the type of interface; the three broad 

categories of interface are inorganic semiconductor-metal, organic materials-metal and organic-

organic. The measured Gb values span two orders of magnitude, with the largest variation 

observed for metal-organic interfaces. The deciding factors for Gb depend on the material system 

and interfacial structure. In semiconductors with low doping concentrations heat flux is carried 

by phonons; hence, interfacial heat transport in all three categories in Figure 1 is dominated by 

phonon transmission. Gb based on phonon transmission is mostly affected by the mismatch 

between the intrinsic thermal properties (acoustic impedance, phonon density of states); 

however, for highly mismatched interfaces that also exhibit weak adhesion, Gb is most sensitive 

to the adhesion strength.27,28,33 This dependence on interfacial bonding strength is the reason for 

the wide spread of Gb values in the mid-section of Figure 1, which represents weakly bonded, 
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dissimilar material interfaces: organic-metal. However, despite the experimental evidence for the 

correlation between Gb and adhesion strength at organic-metal interfaces, analytical models 

develped considering this correlation still fail to accurately predict the value of Gb. 

 We present an approach that improves existing capabilities of predicting interfacial heat 

transport at dissimilar interfaces by introducing factors that accounts for the spatial non-

uniformity in phonon transmission. In Section II, a brief summary of the current theoretical 

models is presented, followed by discussion on the importance to include spatial non-uniformity 

factor (Section III), with supporting results from molecular dynamics (MD) simulation. Section 

IV presents the final form of the analytical model developed in this work. All findings are 

summarized in Section V. 

 

II. THEORETICAL BACKGROUND  
 
The general analytical form for Gb derived from the Boltzmann transport equation is36-39: 
 

                                                                                           (1) 

 
where ω is the phonon frequency which has a maximum cut-off at ωc-1, D1(ω) is the phonon 

density of states of material 1, f0 is Bose-Einstein distribution for phonons and vph-1 stands for the 

phonon velocity of material 1. τ 1→2 is the phonon transmission coefficient from material 1 to 2, 

which is the key parameter that varies in different models. In the acoustic mismatch model 

(AMM), τ 1→2 is frequency independent and relates to acoustic impedances; in the diffuse 

mismatch model (DMM), τ 1→2 is frequency dependent and determined by the phonon density of 

states overlap at the interface.  

However, in case of Gb at organic-metal interfaces, the values predicted by the models 

discussed above do not match the measured ones. To account for interfacial bonding strength, 
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Prasher40 introduced a harmonic spring with spring constant Kint into the AMM model. This 

approach improves the predictions somewhat. Table 1 shows the measured and calculated Gb of 

interfaces formed by small-molecule organic semiconductor (copper phthalocyanine (CuPc) or 

fullerene (C60) or Sub-phthalocyanine (SubPc)) and common electrode metal materials (Ag, Al, 

Au). The parameters used in these calculations are shown in Table 2. Clearly, error still exists 

and is larger for some material combinations than for others; and our results in the following 

sections suggest the discrepancies are due to the neglect of spatially non-uniform bonding at the 

interface. 

 

III. SPATIALLY NON-UNIFORM PHONON TRANSMISSION 

Spatially non-uniform phonon transmission has been overlooked previously in part because 

phonons are a collective motion of atoms, and one might expect that variations in interfacial 

coverage at the nanometer scale should not affect the behavior of phonons whose wavelength is 

~100 nm in common inorganic semiconductors. However, this might not be the case for organic 

materials. Here we develop a molecular dynamics (MD) approach that elucidates the spatial non-

uniformity of phonon transmission across the interfaces of interest and show why this effect 

should be considered in theoretical predictions of Gb.  

 A CuPc-metal interface is presented in Figure 2, with atom coordinates obtained from a 

relaxed structure generated by MD simulations. To accomplish this, an accurate force field for 

CuPc was built and used to generate systems in silico41 consisting of CuPc molecules deposited 

onto (111) surface of an FCC metal (Al, Ag, Au) lattice. At the interface, in the first monolayer, 

the planar CuPc molecules lay flat on top of the metal atoms. As clearly shown in Figure 2(b), 

the interfacial coverage from the first layer of the molecules is imperfect. The spacing between 
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two CuPc molecules can be as large as 2.5 nm, comparable to the phonon wavelength (~ 2 nm) 

of CuPc, and also sufficient to fit one or more metal atoms not “in contact” with a CuPc 

molecule. 

 The adsorption of CuPc molecules and other phthalocyanine molecules on FCC metals 

(111) substrates had studied extensively.42,43,44 It is believed that when growing more than one 

monolayer (ML) of CuPc molecules, the surface interactions and intermolecular interactions 

together will force the first-layer organic molecules away from their initially energetically 

favorable positions. The total energy balance is considered in our MD simulations and the 

structure in Figure 2 is a result of this simulation, revealing substantial inhomogeneities in 

surface coverage and non-uniform bonding strengths across the interfacial plane. These non-

uniformities are confirmed by experiment,42,43,44 and give rise to spatial variation of thermal 

conductance. 

 Firstly, we confirm the non-uniformity of bonding strengths by evaluating the spatial 

distribution of effective spring constants (oriented perpendicular to the interface) of the atoms in 

the first layer of CuPc. The cross-plane effective spring constants of each atom are sampled by 

their kinetic energy and cross-plane displacements:  

                                                               Ek = 1
2

KspΔz2                                                                 (2) 

where Ek is the kinetic energy of each atom, ∆z is the cross-plane displacement of the 

corresponding atom, and the resulting spring constant Ksp is also a per-atom property. The 

histogram of Ksp of the atoms in first layer of CuPc is shown in Figure 3. The H atoms are 

weakly bonded in the cross-plane direction, while Cu and N have stronger spring constants in 

this direction. The inset of Figure 3 shows one of these CuPc molecules scaled vertically by their 
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effective spring constants to better highlight the spatial non-uniformity of bonding strength. The 

center of the molecule bonds to the metal 5 times more strongly than the side atoms.  

 Consider now the other side of the interface: the metal. These interfacial metal atoms are 

divided into two environments, categorized by whether they are fully underneath a CuPc 

molecule from the first ML, or in the projected interstices of the first ML (see Figure 2-a). Figure 

4 depicts these two regions as the “Pack” (Blue) and “Void” (Red) regions. Numerically, the 

“Pack” region is defined by several virtual cylinders centered at the copper atoms of CuPc; the 

radii of the cylinders are 6.58 Å, which is the distance from Cu to the furthest N atom in the 

CuPc molecule. This radius is chosen because the values of Ksp of the H atoms are significantly 

lower than the rest of the atoms in the first layer of CuPc, such that the metal atoms underneath 

could be more attracted to the second layer of CuPc.  

 An obvious shift in Ksp peaks for “Pack” and “Void” is observed in Figure 5 (a similar 

analysis for CuPc-Al is shown in the Supplemental Material45). The silver atoms without CuPc 

coverage (“Void”) experience lower Ksp compared to those in the “Pack” region. The Ksp 

histogram for the silver atoms further away from the interface is plotted as “Bulk” in Figure 5: 

the interactions among silver atoms themselves are much stronger than the interfacial bonding 

strength.  

 The phonon density of states of these atoms is also presented Figure 5, calculated by 

velocity auto-correlation obtained by MD simulations. The 5 THz longitudinal peak is no longer 

observable for the interfacial atoms; and the 3 THz in the bulk vibrational spectrum is red shifted 

for both “Pack” and “Void”, with the “Void” shifting 0.6 THz more. This red shift indicates that 

the weak interfacial spring constant can filter out the high-frequency modes. 
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 MD simulation results also suggest that the thermal conductance differs between “Pack” 

and “Void” in the cross-plane direction. To extract the thermal conductance in the cross-plane 

direction, the heat auto-correlation function (HACF) of the interfacial silver atoms in “Pack” and 

“Void” regions is also calculated, following the Green-Kubo formalism. Due to the narrow 

sample volume in the cross-plane direction, the effective local thermal conductivities are 

obtained by the spectral analysis of the HACF:  

                        k(ω ) = V
3kbT

2 J(t) ⋅ J(0)
0

∞

∫ e−iω tdt  

                     = V
3kbT

2 J(0) ⋅ J(0) e− t /τ d

0

∞

∫ e− iω tdt  

                                                       =
V J(0) 2

3kbT
2 (iω +1 /τ d )

 

                                                 k(ω ) = k(0)
1+ (ωτ d )2

                                                                    (3) 

where V is the simulation volume, J is the heat flux and τd is the HACF decay time. The 

frequency-dependent thermal conductivity was calculated, and is shown in Figure 6. The 

thermal conductivity that is commonly measured and calculated corresponds to the value of k(ω) 

at the zero-frequency limit (ω�0), which can be extrapolated following Eq. (3). The cut-off 

frequency in Figure 6 is 2 THz, matching the lowest observable peak in phonon density of states, 

assuring this cut-off is larger than the minimum allowed frequency in our small simulation 

volume. The effective thermal conductivity of the “Pack” region (0.56 W/mK) is larger than that 

of the “Void” (0.41 W/mK).  

 The above results regarding bonding strength and thermal conductance variations confirm 

the existence of spatial non-uniformity of phonon transmission at the interface, and suggest this 
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is the origin of the mismatch between previous models and measurements. From this point on, 

we focus on developing a more accurate analytical method for calculating Gb that accounts for 

the spatial non-uniformity.   

 
IV THERMAL BOUNDARY CONDUCTANCE MODELING WITH SPATIAL NON-
UNIFORMITY FACTORS 
 
The transmission coefficient τ 1→2  is a function of bond strength and a correlation to the spatial 

non-uniformity. Simple averaging interfacial bonding over the interfacial area returns incorrect 

predictions of the overall phonon transmission, motivating a more careful analysis how a 

particular bonding distribution transmits phonons.  

 The interfacial bonding is often represented by the average spring constant K0=⟨Ksp⟩, 
which could be calculated from a measurable quantity: adhesion strength. However, the 

dependence of phonon transmission τ 1→2  on interfacial spring constant Kint is not linear, with 

the spring often behaving as a low pass filter in phonon transmission. Assuming Kint = K0 in a 

calculation will yield the wrong transmission coefficient, because the averaging operation, ⟨Ksp⟩, 
and transmission coefficient calculation, τ 1→2(), are not commutable if the dependence is not 

linear: 

                                                   τ 1→2 ( Ksp ) ≠ τ 1→2 (Ksp )                                                          (4) 

This inequality is essentially due to the spatial distribution of the spring constants that affect the 

phonon transmission locally. A correction related to this commutation error is needed. 

 Our correction and modifications are based on a previous model,39 and consider diffuse 

and inelastic scattering. Previous work has shown that diffuse scattering is a more valid 

assumption for “rough” interfaces (roughness more than one atomic layer) at room temperature, 

and often the contribution from the inelastic channel is non-negligible. At weakly bonded 
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interfaces (e.g. CuPc-metal), the contribution from inelastic scattering becomes even larger45. 

Thus, we use the inelastic limit of the transmission coefficient in diffuse scattering: 

                                  τ 0
1→2 = J2

J1 + J2

  ,                                              (5) 

where τ0 is the phonon transmission coefficient under the inelastic limit. Additionally, it is 

believed that the interfacial bonding strength behaves like a low-pass filter28,33,40 which weighs 

the frequency independent phonon transmission coefficient: τ 1→2= Wτ 0
1→2, where W is the 

weighing factor. As a low-pass filter, below the dominant phonon frequency ω0, W(Kint)=1; 

beyond ω0, W is assumed to have the Lorentzian form: 

                                     W (K int ) = 1
1+ (ω 0 /ω i −1)2

,   ω 0 > ω i .                                                (6) 

The ratio ω 0 /ω i = ( (K1K2 ) / K int )
0.5

, according to the general relation between spring constant 

and frequency ω ∝ K . Thus, the total transmission coefficient τ 1→2 =W(Kint) τ 0
1→2  is not a 

linear function of Kint, and the commutation inequality expressed by Eq. (4) applies: we cannot 

use K0 directly. 

 The simplest way to implement the correction is to replace the average spring constant K0 

by an effective value Kb
 that accounts for the differences caused by the commutation. If the 

weighing factor follows Eq. (6), the highest order the spring constant in the equation is Ksp
-1. 

Thus, we can assume the effective value Kb using: 

                                                              Kb
−1 = 1

N
Ki−sp

−1

i=1

N

∑                                                              (7) 

The ratio Rc=Kb/K0 will come into the model as a correction term τ 1→2=W(RcK0) τ 0
1→2

 . As 

discussed above, the correction exists due to the non-uniform distribution of Ksp, which should 
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be a function of the interfacial coverage percentage, xc%. In the case of CuPc-metal interfaces 

investigated above, the xc% is the percentage of the area of “Pack” to the total area of the 

interface. When the area of the “Pack” region grows, the two peaks in the Ksp histogram (Figure 

5) tend to merge into one; if the “Pack” region shrinks, the more isolated organic molecule 

islands will result in the peaks pushing each other further away. 

 Performing MD simulations for every combination of materials and interface structure is 

impractical at the present. It would be more useful instead to have a model independent of the 

MD simulations. To accomplish this, we would like to reproduce the {Ksp} distributions with 

statistically generated data sets, then calculate the general dependence of the ratio, Rc=Kb/K0, on 

xc%. The generated {Ksp} contains two normal distributions {kp}(pack) and {kv}(void). The peak 

positions KP and KV are separated by a value of dk, with distribution variance dω (see inset of 

Figure 7), defined as follows: 

  K0 = KPxc% + KV (1− xc%)                                                         (8) 

The average spring constant K0 is fixed at the measured value, and the peak positions KP and KV 

vary with xc%. The separation dk decreases monotonically with xc%, and the distribution 

variance dω should be minimized (xc=100% and xc=0%), which are written as, 

                                     dk = K0 (1− xc%)，     dω = K0 (1− xc%)xc%                                         (9) 

For each coverage percentage xc%, 100 data sets for {Ksp} are generated, and the effective spring 

constant Kb is then calculated following Eq. (7). In Figure 7, Kb/K0 ratio is plotted against xc%. 

The Rc(xc%) is validated by MD simulations for a CuPc/FCC metal interface; the coverage  xc% 

is 50.4% and the plot (Figure 7) returns Kb/K0=0.787. Kb is also calculated using MD-calculated 

{Ksp} for all the interfacial atoms by Eq. (2) yields Kb/K0=0.77, a close match. 

 Using Rc(xc%) ~0.77 in the final expression of our model is:  
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                                                                      (10) 

 
where the dependence of Gb on the spring constant is calculated for all three CuPc/FCC metal 

interfaces and plotted in Figure 8, with validated input constants shown Table 2. 

 The calculations are in close agreement with MD simulations28. The values lie within 

error-bars of each data point. The model is not only accurate, but also easy to adapt to different 

material systems. This can be accomplished by obtaining the two extra input parameters directly 

from simple measurements: the average spring constant K0 can be obtained from adhesion tests, 

and the coverage percentage xc% can be estimated using crystallographic data for the materials 

involved. 

 For example, we calculate Gb values for C60/Ag and SubPc/Ag and compare them to the 

experimental values shown in Table 3 and Table 1. By using the measured K0 in Table 1, 

parameters in Table 2 and the crystal structures documented in other references45,46, an accurate 

Gb value is obtained by Eq. (10).  

 

V. SUMMARY 

This work reports the spatially non-uniform phonon transmission for organic semiconductor and 

metal interfaces. However, we believe that non-uniformity may be an important consideration in 

many more systems, at least for those in which partial interfacial coverage is accompanied by a 

large spatial variation in effective interfacial spring constants. This effect of non-uniformity on 

heat transmission may have been overlooked in the past due to the difficulties in experimental 

measurements and molecular dynamics simulations for complex organic systems. Lastly, we 

would like to highlight the theoretical model developed here that considers the spatial variations. 
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It allows one to calculate interfacial thermal conductance accurately with the measured adhesion 

and documented lattice structures of the materials as input parameters. The reduction in 

interfacial thermal conductance caused by spatial non-uniformity is most significant around 50% 

interfacial coverage. Thus, aside from the adjusting the interfacial heat transfer via chemical 

bonding, further tuning of heat transfer across hybrid material interfaces can be realized by 

engineering the atom/molecule packing at the interface. We expect this development may lead to 

a clearer understanding of interfacial heat transfer and assist design and performance evaluations 

in practical applications. 
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Table 1 | Thermal boundary conductance for five organic-metal interfaces measured and 
calculated by various models.  Calculation follows acoustic mismatch (AMM) and diffuse 
mismatch models(DMM) that documented in the references36-39. Prasher’s model37 considers the 
interfacial bonding strength and is calculated by implementing Ksp values shown in this table. 
Experiemental values(Exp) and MD calculated values are also presented. 
 

Organic Metal *Ksp 
(N/m) 

Exp. Gb  
(MW/m2K) 

AMM Gb  
(MW/m2K) 

DMM (Debye) 
Gb (MW/m2K)

Prasher Gb 
(MW/m2K) 

MD Gb 
(MW/m2K) 

CuPc Au 1.4 19 ± 5 52 25 13 22

CuPc Ag 1.0 13 ± 3 62 33 8 17

CuPc Al 5.3 50 ± 15 286 62 156 52

C60 Ag 1.1 16 ± 6 37 34 4 -
SubPc Ag 1.1 14 ± 7 49 33 11 -

 * calculated from previous publication and validated by peel-off tests, refer to reference 28

 
Table 2 | Parameters used for analytical models, including phonon velocity both transverse(TA) 
and longitudinal(LA), material density and phonon cut-off frequency that are used in all Gb 
calculation in this current work. The phonon velocities and cut-off frequencies are calculated by 
MD simulation41 and ab-initio calculations. 
 

Material Vph (TA) 
(m/s) 

Vph (LA) 
(m/s) 

Density 
(g/cm3) 

Cut-off Freq. 
(THz) 

CuPc 1130 * - 1.63 4.7 *

Ag 2058 † 4003 † 10.5 5.7 †

Al 3625 † 6606 † 2.7 9.9 †

Au 1418 † 2113 † 19.5 5.3 †

† validated by Ab-initio calculations

* validated by MD simulations41
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Table 3 | Gb calculated by the model (Jin Gb) reported in Section IV. The effective ratio Kb/K0 is 
obtained from curve in Figure 7 by using the coverage percentage calculated from the crystal 
structure, except that of CuPc/Ag interface, which is obtained by MD simulations.  
 

Organic Metal Jin Gb (Kint)  
(MW/m2K)* xc% Kb/K0 

CuPc Au 20 50.4 0.787

CuPc Ag 18 50.4 0.77 †

CuPc Al 59 50.4 0.787

C60 Ag 27 47.4 0.776

SubPc Ag 18 40.1 0.782

† obtained from MD simulations * calculated by Eq. (10)
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Figure 1 | Thermal boundary conductance for various interfaces. The measured values of thermal 
boundary conductance, Gb, for various interfaces from multiple references. The interfaces are 
categorized into 3 groups: Left-(Blue) panel presents Gb of metal-inorganic semiconductor 
interfaces; Middle-(Grey) panel contains Gb data points of metal-organic interfaces; Right-(red) 
panel is for organic-organic interfaces. Data points with same marker type and color correspond 
to interfaces that share one material: this material is shown in bold font in the same color.
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Figure 2 | Copper Phthalocyanine (CuPc)-F.C.C. metal (Ag, Al, Au) interface. Depiction of 
CuPc-F.C.C. metal interfaces: the atom coordinates are obtained from the relaxed structure of 
molecular dynamics simulation. a) Side view of the interface: the metal is in crystalline state; and 
CuPc molecules are disordered from the 2nd layer upwards while the first layer molecules lay 
flat. b) Top view of the interface alongside with structure of an enlarged CuPc molecule. 
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Figure 3 | Effective spring constants of atoms in the 1st layer CuPc. Effective spring constants, 
Ksp (cross-plane) are sampled using molecular dynamics simulations. The distribution of Ksp of 
each type of atoms (H, C, N, Cu) are presented as histograms: Cu and N atoms at the center of 
the molecule own larger spring constants compare to  C and H atoms that are further from center. 
The inset is a side view of one particular CuPc molecule vertical spanned according to Ksp. 
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Figure 4 | “Pack” and “Void” environments of the first layer of metal atoms. The organic 
molecules have larger intermolecular spacings (>10 Å) than that of F.C.C. metal (~4 Å). The 
metal surface does not have full coverage by the organic molecules. If the metal atoms are 
topped by the CuPc molecules (within 6.58 Å radius, centered at the copper atoms), those are 
grouped in “Pack”-marked as blue; otherwise, the metal atoms belongs to the “Void” region.
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Figure 5 | Effective spring constants and phonon density of states of interfacial Ag atoms in 
“Pack”, “Void” and in “Bulk”. (Left) Histograms of effective spring constants (cross-plane). 
Peak value of Ksp in “Void” and “Pack” regions are separated by ~5 N/m, while both weaker in 
bonding compared to the “bulk” silver - sampled few layers underneath the interface. (Right) 
Phonon density of states (DOS) also show differences among the three groups: 5 THz (LA) peak 
cannot be observed at the interface; the phonon DOS of “Void” red shifted further compared to 
that of “Pack”. 
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Figure 6 | Cross-plane interfacial thermal conductivity. Thermal conductivity in cross-plane 
direction (z axis in Fig. 4) calculated using Green-Kubo formalism. Size effect extrapolation is 
needed due to the narrow length sampled in cross-plane direction. k(0) is fitted using Eq. (3) for 
both “Pack” and “Void” starting from 2 THz (the first peak value in Fig. 5) onwards, with 
thermal conductivity of the “Pack” 25% larger than that of the “Void”.  
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Figure 7| Effective Ratio Kb/K0 versus the coverage percentage of the interface (xc%). The ratio is 
a single parameter function of xc%. The spring constant value that correctly calculates the 
boundary conductance is Kb=1/�K-1� which differs from K0=�K� by the factor of this effective 
ratio. An example distribution of {Ksp} is presented in the inset. The ratio is 0.787 for CuPc-
F.C.C. metal(Al, Ag, Au) interfaces. 
  



 

 Page 28 of 28 

 
 
Figure 8 |Thermal boundary conductance of CuPc-F.C.C. metal interfaces versus Ksp. (Blue-
dotted) Calculated by the model proposed here (Eq. (10)), considering diffuse and inelastic 
phonon scattering with partial interfacial coverage. (Black-dashed w/ black round markers) 
Molecular dynamics simulated Gb with upper and lower bounds draw separately in green lines. 


