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Materials and Methods
The modified p-SLLOD equations of motion with a Nosé-Hoover thermostat for confined
systems have the following expressions:
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where ri, pi, and Fi indicate the position, (nominal) peculiar momentum, and force vector of
atom i of the mass mi. The s and ps are position-like and momentum-like variables, respectively,
of the Nosé-Hoover thermostat. The Q represents the thermostat mass parameter, for which D,

N, and τt refer the dimensionality of the system, the total number of atoms, and the thermostat
relaxation time parameter, respectively. The τt was set equal to 0.24 ps in all simulations. The

u , homogeneous velocity gradient tensor, is expressed as
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where  is the shear rate. The streaming velocity U(ri ) at atomic position ri was obtained
from a 5th-order polynomial fit in every MD step throughout the total (bulk plus interfacial)
region. The real peculiar momentum p ireal of each atom was then calculated by removing the
streaming velocity at its position from its laboratory momentum pi  pi  miri  u :

pireal  pi  mi U(ri )

(3)

In the TraPPE model, nonbonded atomic interactions including intra-, intermolecular
interaction were modeled by a pairwise 6-12 Lennard-Jones (LJ) potential:
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where εij  (εi ε j )1/2 and  ij  ( i   j ) / 2 were followed the standard Lorentz-Berthelot
mixing rules between atomistic units i and j. The LJ parameters  CH ,  CH 2 , and  CH3 were
set equal to 4.68 Å, 3.95 Å, and 3.75 Å, respectively, and the energy parameters  CH kB ,

 CH k B , and  CH k B equal to 10 K, 46 K, and 98 K, respectively. The rc = 2.5 σij is a cut2

3

off distance for both atom-atom and atom-wall. In our confined system simulations, wall atoms
only interact with fluid atoms, not with each wall atoms. The bonded atomic interactions
involving bond-stretching (Ustr), bond-bending (Uben) and bond-torsional (Utor) were described
by
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where, for bond-stretching interaction, the bond-stretching constant is kstr/kB = 452,900 K/Å2
and the equilibrium bond length leq = 1.54 Å. The bond-bending parameter k is equal to
122.188 kcal/(mol rad2), and the equilibrium bending angle eq = 114° for CHxCH2CHy (with
x and y equal to 2 or 3), eq = 112° for CHxCHCHy, and eq = 109.47° for CHxCCHy. The

bond-torsional parameters are such that (a) a0 = 2.0071, a1 = 4.0122, a2 = 0.27105, a3 = −6.2895
(kcal/mol) for CHxCH2CH2CHy, (b) a0 = 0.78542, a1 = 1.7787, a2 = 0.44454, a3 = −3.5076
(kcal/mol) for CHxCH2CHCHy, and (c) a0 = 0.91670, a1 = 2.7503, a2 = 0, a3 = −3.6665
(kcal/mol) for CHxCH2CCHy [note that here   0 represents the (most stable) transconformation, whereas it refers to the cis-conformation]. The LJ energy and size parameters 
and  are respectively equal to 0.19475 kcal/mol and 3.75 Å for the CH3 united-atom, 0.09141
kcal/mol and 3.95 Å for the CH2 united-atom, and 0.01987 kcal/mol and 4.68 Å for the CH
united-atom. For bond-bending interaction, the bond-bending constant is kben/kB = 62,500
K/rad2 and the equilibrium bond angle θeq = 114°.
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Figure S1. Characteristic time scale (twag) of the attachment-detachment wagging motions of
interfacial chains in the intermediate flow regime for the simulated linear and SCB
polyethylene melts, estimated by fitting with a sine function the temporal variations of the
average y-position for the center-of-mass of the non-adsorbed parts (ynadv) presented in Fig. 3b
in the main text.
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Figure S2. Average tumbling time (ttumb) over all the chains of system for the linear and SCB

polyethylene melts as a function of Wi, based on the time correlation function

Rx (t ) Ry (0)

between the x- and y- components of the chain end-to-end vector R. We note that due to the
frequent movements of the interfacial chains between interfacial and bulk regions in the
confined system, it is not feasible to extract the tumbling times only for the interfacial chains.
As expected, ttumb decreases with increasing Wi number for both melts. Interestingly, despite
that the characteristic rotation and tumbling mechanisms of interfacial chains are different
between the two systems (i.e., hairpin tumbling for the linear polymer vs. hairpin tumbling and
rolling for the SCB polymer), ttumb is found to be very similar to each other at the same Wi
number.

Supplementary Movies
Movie S1: Tumbling dynamics of the interfacial linear polymer
Movie S2: Head-rolling tumbling dynamics of the interfacial SCB polymer
Movie S3: Tail-rolling tumbling dynamics of the interfacial SCB polymer

