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We use nonequilibrium molecular dynamics simulation to elucidate the interfacial thermal conductance
between single-crystal silicon and amorphous polyethylene. In particular, we investigate the role of solid
stiffness and the bonding strength across the interface on the interfacial thermal conductance. Simulations of
interfacial scattering of individual phonon wave packets indicate that neither diffuse mismatch model nor
acoustic mismatch model describes the interfacial scattering process quantitatively. In general, transmission
coefficients for longitudinal phonons are significantly higher than those for transverse phonons. We also
observe that anharmonic processes can be important for interfacial conductance.
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I. INTRODUCTION

Advances in synthesis and processing of polymer
nanocomposites1 provide opportunities in tailoring multi-
functional responses of the material beyond the limits of bulk
composites. Examples include simultaneous increases in
strength and ductility2 and very low percolation threshold for
electrical transport.3 However, nanostructuring, with its asso-
ciated high density of interfaces, can limit the performance
of the composite. For example, the thermal conductivity of
carbon nanotube �CNT�-polymer composites generally
shows only modest increases over pure polymer values de-
spite the fact that carbon nanotubes are excellent thermal
conductors and with high aspect ratio. This disappointing
thermal performance has been attributed to the low interfa-
cial conductance between CNTs and a polymer matrix.4

The interfacial thermal conductance also known as the
Kapitza conductance GK poses a barrier to heat flow and
leads to a discontinuous temperature drop �T across inter-
faces and can be quantified via the relationship5

JQ = GK�T , �1�

where JQ is the heat flux across the interface. The relative
importance of the interfacial conductance can be evaluated
by determining the thickness of the matrix material also
known as the Kapitza length lK, over which the temperature
drop is the same as at the interface. Assuming GK
=107 W /m2 K �characteristic of single-walled carbon nano-
tube and polymer interfaces from Ref. 6� and polymer ther-
mal conductivity �=0.3 W /mK, one gets lK=� /GK
=30 nm. When the separation between interfaces in nano-
composites becomes comparable to the Kapitza length lK,
interfaces will predominantly determine the overall thermal
conductance. To predict the thermal properties of nanocom-
posites, it is therefore of critical importance to develop a
deep understanding of interfacial thermal conductance.

In this paper, we report nonequilibrium molecular dynam-
ics �MD� simulations to elucidate how GK depends on the
solid stiffness and interface bond strength for an interface

between an inorganic solid and amorphous polyethylene. A
brief report of parts of this work has appeared elsewhere.7

However, we extend the previous study by performing wave-
packet simulations of interfacial phonon scattering. The
wave-packet results have led to important insights into the
mechanism governing phonon transmission across polymer-
solid interfaces.

The rest of the paper is organized as follows. In Secs. II A
and II B, we describe the model structures and the MD meth-
odology used to determine the thermal conductance of the
interface. In Sec. III, we present and discuss the results of
nonequilibrium MD simulations. In Sec. IV, we present re-
sults of MD wave-packet simulations to elucidate the mecha-
nism governing phonon transmission at the interface. In Sec.
V, we use a simple one-dimensional mass-spring model to
elucidate the frequency dependence of the transmission co-
efficient for longitudinal-acoustic �LA� modes. Finally, the
summary and conclusions are presented in Sec. VI.

II. MODEL STRUCTURES AND SIMULATION
METHODOLOGY

A. Model structures

The model structure consists of two slabs: one of crystal-
line silicon and one of amorphous polyethylene �PE�. The
two slabs are in contact and are contained within a rectangu-
lar simulation box with a cross section of 21.7�21.7 Å2 and
a length of 133.8 Å, as shown in the top panel of Fig. 1.
Periodic boundary conditions are used in all directions, re-
sulting in two planar polymer-silicon interfaces. This geom-
etry mimics a layered structure with silicon-polymer inter-
faces normal to the z direction. The silicon crystal was
composed of 1696 atoms with two �100�-type surfaces. The
polymer slab contained 20 chains with 40 CH2 monomers in
each chain. The initial amorphous polymer structure was
generated by a method first proposed by Suter and
co-workers.8 This method consists of a search algorithm in
the space of torsion angles, which automatically delivers re-
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alistic conformational statistics of the chains.
The interatomic interactions are described by the polymer

consistent force field �PCFF� �Ref. 9� model. This PCFF
force field consists of both bonded �bond stretching, bending,
and torsions� and nonbonded interactions. The silicon and
polymer �C and H� atoms interact by nonbonded van der
Waals interactions described by the 9-6 Lennard-Jones inter-
atomic potential U�r�=��2�� /r�9−3�� /r�6� with cutoff 7 Å,
where r is the interatomic spacing, and the parameters � and
� are energy and length scales, respectively. The parameters
in interatomic potential for polymer and silicon can be found
in Refs. 9 and 10, respectively. We focus on the interfacial
heat transfer in this paper. In this case, the interfacial con-
ductance is mainly determined by the speed of sound of
acoustic phonons and phonon transmission coefficients. We
calculated the velocities of LA and transverse-acoustic �TA�
phonons in silicon from the dispersion curves using PCFF
model and compared the results with experiment11 and the
predictions of widely used Stillinger-Weber �SW�
potential.12,13 In particular, the group velocity of long wave-
length �100� LA phonons is 8097 m/s in the PCFF model
compared to 8000 m/s for the SW model and 8480 m/s in
experiment. Likewise, long wavelength �100� TA phonons
have a group velocity of 5465 m/s in the PCFF model com-
pared to 5000 m/s and 5860 m/s for the SW model and
experiment, respectively. These results show the PCFF
model to be in excellent agreement with experiment and the
SW model.

B. Simulation methodology

In the first stage of MD simulations, the system was
equilibrated at a constant pressure of 1 atm and a constant

temperature of T=300 K for several hundred ps using inte-
gration time step of 0.5 fs. This small time step is needed due
to the fact that the smallest vibrational periods associated
with H atoms are of the order of 10 fs. Following equilibra-
tion, the system volume was fixed for the nonequilibrium
MD simulation. The heat source was placed in the center of
the silicon region and the heat sink was placed in the center
of the polymer. To eliminate the tendency of the center of
mass to drift as a result of velocity rescaling, we used the
algorithm proposed by Jund and Jullien.14 The thermal en-
ergy delivered to heat source and removed from the heat sink
at an equal rate dQ /dt. Thus, once steady state is reached, a
constant heat flux JQ= dQ/dt

2A was established, where A is the
cross-sectional area of the simulation cell. The factor of 2
accounts for the fact that with periodic boundary conditions,
the heat current JQ propagates in two directions away from
the hot reservoir. The heating/cooling rate was carefully cho-
sen through some trial runs so as the temperature drop at the
interface is around 10% T, where T=300 K is the average
temperature of the whole system. For standard force field, we
found that dQ=0.05% kBT �kB is the Boltzmann’s constant�
per time step, corresponding to JQ=440 MW /m2, is reason-
able and ensures relatively low statistical errors. By changing
the direction of the heat flux, we verified that the thermal
conductance is almost unchanged. However, the heat flux
cannot be very large otherwise there is a rectification effect
for the Si and amorphous PE system.15 In this work, the heat
flux applied is in the linear-response regime so the conduc-
tance is independent of the direction of the heat flux.

To obtain temperature profiles, we divide the simulation
box into slices of thickness of 4.2 Å along the z direction.
The local temperature in each slice was calculated from the
kinetic energies. We average the temperature profiles over
100 ps and obtain a series of about 20 temperature profiles
for the whole production run of 2 ns. After 500–1000 ps, we
observe that the temperature profile does not change system-
atically. The reported data are the steady-state averages over
the last 1 ns of each production run. The temperature drop
�T at the interface was obtained from the average tempera-
tures of the first and the second layers of silicon and polymer
near the interface. While the temperature of the first layer
near the interface is slightly different from the second layer,
the estimated �T differs by less than 5%. From the computed
value of �T for a given heat flux JQ, the interfacial conduc-
tance GK can be determined using Eq. �1�.

Thermal-conductivity values obtained from MD simula-
tions can depend on the size of the simulation cell, particu-
larly for the case of a crystalline solid, when the phonon
mean-free path is comparable with the system size.16 How-
ever, our general experience is that size effects are less sig-
nificant for GK. To validate this assumption, we have in a few
cases extended both silicon and polyethylene regions by 50%
in heat current direction. After increasing the system size, we
obtained nearly the same value GK, as demonstrated in Fig.
1. This indicates that the size of the simulation cell is suffi-
cient to avoid significant finite-size effects.

III. MD RESULTS AND DISCUSSION

A. Temperature profile

In the bottom panel of Fig. 1, we show typical steady-
state temperature profiles for regular and extended structure

FIG. 1. �Color online� Top panel: a snapshot of model silicon-
polymer interfacial structure. Bottom panel: steady-state tempera-
ture profiles for regular and extended structure. Error bars are also
shown in the temperature profiles. The interfacial resistance mani-
fests itself by a temperature drop at the interface.
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obtained with the simulation setup described above. The av-
erage temperature of the simulation cell is 300 K. The tem-
perature profile is almost flat in the silicon region due to its
large thermal conductivity. By contrast, the slope in the poly-
mer region is fairly substantial due to the much lower con-
ductivity of the polymer. However, the temperature drop �T
at the silicon-polymer interface is quite large and dominates
the overall thermal conductance. Since the periodic boundary
conditions are used in three directions, there are two inter-
faces in the system. The two interfaces are independent but
statistically equivalent. As a result, the two interfaces have
essentially the same GK as shown by the temperature profile
in Fig. 1.

For the force field parameters in the PCFF model, we
obtain the Kapitza conductance GK=17.4�1.3 MW /m2 K
for the regular structure and GK=17.0�1.1 MW /m2 K for
the extended structure. In order to further explore the possi-
bility of finite-size effects, we also simulated a diamondlike
solid/PE interface at room temperature and also the Si-PE
interface at 200 K. We found in both of these cases that the
results for the regular and extended systems were identical
within the computed statistical error. This further establishes
that finite-size effects play a very little role in determining
GK.

From separate simulations of the thermal conductivity of
bulk PE, we determined that the thermal conductivity of the
polymer is about 0.33 W/mK. From these results, we obtain
a Kapitza length lK=19 nm. In other words, the interface
possesses the equivalent resistance of a 19-nm-thick PE film.
This interfacial conductance is in the range
10–40 MW /m2 K that contains the Kapitza conductance
between the carbon nanotube,4 diamond,17 oxides �e.g.,
alumina18�, and organic materials.

B. Effect of solid stiffness

The dependence of GK on the solid stiffness of the crys-
talline solid is shown in Fig. 2. Here, we increased the spring
constants representing covalent bonds, bond-bending terms,
and torsional terms by factors of 2, 4, and 8 from the values
that are characteristic of silicon. This translates into range of
elastic modulus of 100–1000 GPa. The lower limit corre-
sponds to silicon, while the upper limit is comparable to
diamond.

We find that as the modulus of the solid increases, GK
decreases. This behavior is expected since the mismatch be-
tween vibrational modes of the soft polymer and the solid
increases as the stiffness of the solid increases. By making a
power-law fit �see dotted line in Fig. 2�, we found G�E�

with ��−0.36. This power-law dependence is rather weak
and, as shown in Fig. 2, the interfacial conductance only
decreases by half for the modulus of 1000 GPa.

In Fig. 2 we also compare the thermal conductance ob-
tained in our simulations with the predictions of a number of
models, including acoustic mismatch model �AMM�, diffuse
mismatch model �DMM�, and phonon radiation limit
�PRL�.5,19–21 PRL represents the maximum possible conduc-
tance by assuming a transmission coefficient of unity for all
phonons in silicon with frequencies below the highest-

frequency vibrational mode of polyethylene 	max and a trans-
mission coefficient of zero for phonons in silicon with fre-
quencies greater than 	max. The radiation limit is, therefore, a
function of the cut-off vibrational frequency 	max of polyeth-
ylene and the Debye density of states in silicon.21 In our
calculation, we used the longitudinal and transverse speed of
sound in Si and cl and ct obtained from PCFF model equal to
8097 and 5465 m/s, respectively. When we increase the
spring constants up to the diamond case, we account for the
changes in the speed of sound via its proportionality to the
square root of solid modulus.

The maximum frequency 	max is taken as 5 THz estimated
from vibrational spectra in silicon and polyethylene, as
shown in Fig. 3. The vibrational spectra presented in Fig. 3
were calculated for carbon atoms in PE and Si atoms in
crystalline slab via a Fourier transform of the atomic velocity
autocorrelation function.22,23 For the radiation limit model,
we estimate the cut-off vibrational frequency 	max as 5 THz
because at this point the vibration spectra intensity in PE is
decaying to a small value. As we will see from our phonon-
scattering study beyond 5 THz, transmission coefficients for
phonons are rather small �see Sec. IV for details�.

For the case considered here, the DMM displays essen-
tially the same behavior as the PRL �see open diamonds and
dashed line in Fig. 2�. In the DMM, phonons are transmitted
or reflected with probability proportional to the density of
vibrational states on either side of the interface. Below 	max,
the phonon density of states is much higher in the PE than in
the Si. As a result, the transmission coefficient for phonons
incident from the Si with frequencies below 	max is close to
unity. This is exactly the same assumption made for the PRL.
In contrast to the DMM, the AMM predicts much lower in-
terfacial conductance �see open circles in Fig. 2�. This origi-

FIG. 2. Silicon-polymer interfacial thermal conductance as a
function of solid modulus normalized by E0. E0 is modulus of sili-
con with the standard force field and E is the Young’s modulus of
modified silicon. �0 is the standard van der Waals interaction
strength between silicon and polymer atoms. � is modified interac-
tion strength. The dotted line is a power-law fit to the data. The
dashed line with a slope of −1 represents the PRL prediction of the
thermal conductance. The predictions of AMM and DMMs are also
included.
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nates from the fact that the phonon transmission in the AMM
is governed by the mismatch in the acoustic impedance,
which is very large for the interface between the crystalline
solid and the amorphous PE. In particular, mainly due to the
large difference in the modulus, the acoustic impedance for
the crystal has a range between 1.74�108 and 1.39
�109 kg /m2 s whereas the acoustic impedance for the PE is
about 8.77�105 kg /m2 s. Consequently, the transmission
coefficients predicted by the AMM are much smaller than
unity �around 0.15�. In both the AMM and DMM, the exact
nature of the interfacial bonds is not taken into consideration.

As discussed above, with regular Si-PE force field param-
eters, the interfacial conductance is between the prediction of
DMM and AMM and depends weakly on solid modulus. By
contrast, increasing the strength of the Si-PE interactions by
a factor of 5 significantly increases GK to values in close
agreement with the predictions of the DMM �see solid circles
in Fig. 2�. This may lead to a speculation that with a strong
interfacial bonding, heat transfer across polymer-inorganic
solid interface is well described by the DMM. However, di-
rect phonon-scattering studies described in Sec. IV indicate
that this is not the case. With weaker bonding the mechanism
of phonon transmission is also not clear and perhaps changes
with increasing solid stiffness. In Sec. IV, we will further
address these issues by analyzing the results of wave-packet
simulations.

C. Effect of temperature

To explore the possibility that anharmonic phonon scatter-
ing affects GK, we computed GK as a function of temperature
in the range of 200–400 K. In a similar study, Stevens et al.24

found by using the nonequilibrium MD simulation that GK at
solid-solid interfaces strongly increased with increasing tem-
perature. Likewise, the results presented in Fig. 4 show a

strong temperature dependence above T=300 K for E /E0
=1 corresponding to ordinary Si. By contrast, for E /E0=8,
corresponding approximately to diamond, GK is temperature
independent in the same temperature range, indicative of
purely harmonic processes. These results indicate that anhar-
monic processes can under some circumstances play an im-
portant role in GK. However, contrary to what might be ex-
pected, anharmonic effects within the bulk of the crystalline
slab seem to be important for GK. This observation is con-
sistent with a recent article by Aubry et al.25 that demon-
strated how computed values of GK depend on the nature of
scattering in the bulk. We have not determined how changing
the bonding strength between the crystalline solid and the PE
affects the temperature dependence of GK.

D. Effect of interfacial bonding strength

While the temperature dependence of GK is moderate, the
interfacial bonding strength dependence is very strong, as
shown in Fig. 5. As the interfacial bond strength is increased
up to � /�0=5, GK increases more or less linearly. At � /�0
=5, GK is 96�6.1 MW /m2 K, which is about six times
larger than the value for � /�0=1, which is
17�1.3 MW /m2 K. By contrast, GK is nearly independent
of � /�0 for values above about 5.

This behavior can be understood qualitatively in terms of
the Si-polymer bond playing intermediately between soft
polymer-polymer bonds and stiff Si-Si bonds. This creates a
“graded interface.” Such interfaces lead to higher phonon
transmission provided that the strength of the interfacial
bond is between the strength of the bonds present in the two
materials forming the interface. As has been reported, e.g., in
Refs. 26–28, the phonon transmission across graded inter-
faces is better than across abrupt interfaces �see also Sec. V
for more discussion�.

IV. WAVE-PACKET SIMULATION RESULTS

To understand the underlying transport mechanisms at the
interface, we performed phonon wave-packet simulations.29

FIG. 3. �Color online� Vibrational spectra intensity of silicon
and carbon atoms in polyethylene computed from the Fourier trans-
forms of the velocity autocorrelation function. The discrete nature
of the computed spectra results from the finite size of the simulation
cell. Inset: the low-frequency portion of the spectrum where there is
substantial overlap between Si and polyethylene.

FIG. 4. Silicon-polymer �solid squares� and “diamond-polymer”
�open circles� interfacial thermal conductance plotted as a function
of temperature.
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In this case the simulation cell consists of a 3�3�201 Si
slab, which is about 1100 Å long in the z direction and a
210 Å long amorphous PE slab. The whole structure is first
relaxed to the zero-temperature configuration. Then a vibra-
tional wave packet with a well-defined wave vector and po-
larization is introduced in the silicon slab. The phonon wave
packets are formed from linear combinations of vibrational
eigenstates. The eigenstates themselves are found by diago-
nalizing the dynamical matrix of the perfect crystal. To gen-
erate a wave packet centered at a wave vector k0 in band 
,
we displace the atoms according to29

uil� = Am�i�
�k0�exp�ik0 · �zl − z0��exp�− 
2�zl − z0�2� ,

�2�

where uil� is the �th ��=1,2 ,3� component of displacement
for atom i in the unit cell labeled by l, Am is the amplitude of
the wave, �i�
 is the polarization vector for band 
 at k0, z0
is the space coordinates where we desire the wave packet to
be around, and 1 /
 is the spatial extent of the wave packet.
An initial displacement field of a representative wave packet
is presented in Fig. 6�a�. When the wave packet is launched,
it propagates toward the interface. After arriving at the inter-
face, part of the energy is transmitted and the remainder is
reflected �Figs. 6�b� and 6�c��. The energy-transmission co-
efficient is determined from the ratio of the transmitted to the
incident energy.

Figure 6 shows a series of snapshots of the atomic dis-
placements for an incident LA wave packet with average
frequency f =1.47 THz. For the case with � /�0=1 most of
the incident energy is reflected from the interface �see Fig.
6�b�� with energy-transmission coefficient �=0.13, while for
the case with � /�0=5 a larger fraction of the energy in the
incident LA mode is transmitted into polymer with �=0.33.
It is worth noticing that apart from the low-frequency limit,
there are no ballistically propagating phonons in PE as its
structure is amorphous. By analyzing the frequency of sili-
con and PE on both sides of the interface, we found that the
frequency is mostly preserved once the part of the phonon

energy crosses the interface. This can be attributed to the fact
that the phonon modes in PE is very abundant across almost
the whole frequency range in silicon, especially in the range
of low and intermediate frequencies we studied in wave-
packet dynamics simulation �see Fig. 3�.

Figure 7 shows the frequency-dependent energy-
transmission coefficients for incident LA and TA wave pack-
ets. With � /�0=1, the transmission coefficient � is only ap-
preciable at low frequencies but never is greater than about
0.35. Furthermore, � for LA modes is larger than those of the
TA modes across the whole frequency range. This is likely

FIG. 5. Silicon-polymer interfacial thermal conductance as a
function of interfacial bonding strength.

FIG. 6. �Color online� Snapshots of displacements for an LA
wave packet with f =1.47 THz �a� before scattering, �b� after scat-
tering � /�0=1, and �c� after scattering � /�0=5.

FIG. 7. �Color online� Frequency dependence of the energy-
transmission coefficient.
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associated with the fact that atomic displacements for LA
modes are normal to the interface, while displacements for
TA modes are parallel to the interface.

When the interfacial bonding strength is increased to
� /�0=5, the transmission coefficient of both incident LA and
TA modes becomes much higher in the 1–4 THz frequency
range and this is the main reason that the increasing interac-
tion strength leads to increased interfacial conductance. In-
terestingly, with strong interactions, the computed � reaches
an apparent maximum of about 0.42 in the frequency range
between 1 and 2 THz.

We note that the acoustic mismatch model predicts the
transmission coefficient of about 0.15 for our model and the
diffuse mismatch model predicts the transmission coefficient
close to unity. In the low-frequency range, LA modes even
with weak interfacial interactions have larger transmission
coefficient than that predicted by the AMM and significantly
lower than that predicted by DMM. However, the data indi-
cate that neither AMM nor DMM is capable of quantitative
description of the scattering process.

To make a connection between the interfacial conductance
and transmission coefficients estimate, we note that GK can
be estimated as being proportional to �0

	max��	�	2d	, where
	2 is due to phonon density of states characterizing the De-
bye model of solid. A more complete expression includes the
phonon group velocity, however, we will assume that it is
equal to the speed of sound. This integral can be performed
for the cases of weak and strong interfacial bonds � /�0=1
and � /�0=5, respectively. The ratio of this integral for the
two cases predicts an increase in GK by a factor of 6.6 when
the bond strength is increased. This result is in good agree-
ment with the increase in GK predicted by direct MD simu-
lation �see Fig. 5�.

V. ONE-DIMENSIONAL CHAIN MODEL ANALYSIS

To provide a simple qualitative picture of the origin of
frequency dependence of the transmission coefficient for LA
modes on the bonding strength, we consider a one-
dimensional chain model of masses connected by linear
springs. In one half of the infinite chain, the mass, spring
length, and spring constant were adjusted so as to reproduce
the LA branch dispersion as well as acoustic impedance for
Si. Analogously, in the other half, the chain represents acous-
tic PE properties. The bond between Si and PE is treated as
an adjustable parameter.

We calculated the transmission coefficient as a function of
frequency using the Green’s function formalism and Caroli
formula.30–32 For this simple model, the following analytical
solution of transmission coefficients yields:

���� = 4kSi-PE
2 kSi-SikPE-PE sin�q�sin�q��/�d�2, �3�

where kSi-Si, kPE-PE, and kSi-PE are the stiffness of the springs
connecting Si-Si, PE-PE, and Si-PE masses, respectively, d
= ��2−kSi-PE+kSi-Si�eiq−1����2−kSi-PE+kPE-PE�eiq�−1�� is the
determinant of the Green’s function of the one-dimensional
chain model, and q and q� are the wave numbers of Si and
PE chains, respectively. Then we adjusted the value of the
spring constant that connects Si and PE chains to best fit the

data obtained by phonon-scattering MD simulations. The re-
sults of fits to the wave-packet simulations with � /�0=1 and
� /�0=5 are shown in Fig. 8. The best fit for � /�0=1 was
obtained with kSi-PE /kSi-Si=0.008. This low value of
kSi-PE /kSi-Si is understandable since there are no covalent
bonds between Si and PE. We also note that the fit for
� /�0=1 is quite good almost across the whole frequency
range indicating that the mechanism of LA phonon scattering
between PE and Si with normal bonding strength is well
described by the chain model.

The best fit for � /�0=5 was obtained for kSi-PE /kSi-Si
=0.025, which is consistent with the fact that the bonding
strength between PE and Si is larger in this case.

We can also use the one-dimensional chain model to de-
termine the transmission coefficients as a function of interfa-
cial bonding strength. The results are shown in Fig. 9 for an
incident LA mode with frequency 2 THz. As the spring stiff-

FIG. 8. �Color online� Frequency-dependent energy-
transmission coefficient fitted by a one-dimensional chain model.

FIG. 9. For the one-dimensional chain model; dependence of the
energy-transmission coefficient on the interfacial bond strength for
incident waves with a frequency of 2 THz. kSi-PE

0 is the stiffness of
the spring connecting Si-PE which is best fitted for the case of
� /�0=1. kSi-PE is the modified bond strength at the interface.
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ness is increased by a factor of 5, the transmission coefficient
increases by a factor of 4. However, further increases do not
significantly change the value of �. Figure 9 has nearly the
same trends as Fig. 5, which indicates that the mechanism of
LA phonon scattering between PE and Si with both normal
and strong bonding strength can be described by the one-
dimensional chain model.

VI. SUMMARY AND CONCLUSION

Investigations of the interfacial thermal conductance be-
tween single-crystal silicon and amorphous polyethylene
have been presented.

Using nonequilibrium molecular dynamics simulations,
we have studied the dependence of the interfacial thermal
conductance as a function of solid modulus and interfacial
bonding. We found that as the modulus of the solid increases
by a factor of 8, the interfacial conductance decreases only
by half. By contrast, a fivefold increase in the interfacial
bonding strength leads to about a fivefold increase in the
interfacial conductance. This suggests that tailoring the soft-
hard interfaces for better thermal transport should focus on
development of stronger interfacial bonds rather than soften-
ing of the solid. This could be done in practice for some
polymer-solid interfaces where, in addition to van der Waals

interactions, stronger dipolar or Coulomb interaction might
be present.

The wave-packet simulation of individual phonon scatter-
ing provided us with insights into the mechanism governing
phonon transmission across polymer-solid interfaces. We
found that the significant transmission is only observed up to
about 5 THz, i.e., within the range of soft modes motion in
PE. The increasing interfacial bonding leads to an increase in
the transmission coefficients in the 1–4 THz frequency
range, which is responsible for the overall increase in the
interfacial conductance. Furthermore, the transmission coef-
ficients for longitudinal phonons are generally significantly
higher than those for transverse phonons. In general, neither
acoustic mismatch model nor diffuse mismatch model is ca-
pable of quantitatively predicting scattering coefficient.

Finally, we used a simple one-dimensional chain model of
masses connected by linear springs to further elucidate the
origin of frequency and dependence of the transmission co-
efficient. We found that qualitatively the frequency depen-
dence of the transmission coefficient for longitudinal-
acoustic phonons is described well by the chain model for
both strongly and weakly bonded interfaces.
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