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1 Description of the model potential used
for the calculations.

All the classical MD simulations have been performed by using
the LAMMPS code'l! and a Class II force field? that has been
specifically adapted to reproduce the cumulene phonon disper-
sion curves calculated at Density Functional Theory (DFT) level.
The functional form of the present force field is the following:
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The functional form is divided in two type of interactions: va-

lence terms (E;, Eg, Ep;); and nonbonding interaction terms
(E,qw)- The valence terms describe internal coordinates of bonds
(b) and angles (0), while the cross-coupling term (E; ;) describes
the combinations of two internal coordinates. The cross-coupling
terms are crucial for properly describe vibrational frequencies,
moreover, in particular their inclusion in the functional form
allows to describe the occurrence of the Kohn anomaly in the
phonon dispersion curves. In Eq. [2| the subscript “eq” denotes
the reference values of the bonds and angles, while ky;, k5, kp3,
ko1, kg2, kg3, and ky, ;y are the force constants. All the parameters
(see Table [1) have been specifically estimated for cumulene by
fitting the phonon dispersion curves calculated at Density Func-
tional Theory (DFT) level.
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2 Density functional theory calculations.

DFT calculations have been performed using the Quantum-
Espresso package™ and the GGA-PBE exchange-correlation func-
tional®. The primitive unit cell of cumulene, consisting of one
carbon atom, has been fully relaxed to obtain the equilibrium lat-
tice constant of 1.282 A. We used an electronic wave-vector grid
of 1x1x300 for the Brillouin zone integration with a Marzari-
Vanderbilt smearing® in the electronic occupations of 0.02 Ry,
and a vacuum of 20 a.u. between cumulene chains. The value
of the plane-wave energy cutoff was set to 90 Ry. Electron-ion
interactions were modelled using a projector augmented wave
PAW pseudopotentials®. The phonon dispersion curves have been
calculated by means of Density Functional Perturbation Theory
(DFPT)Z, as implemented in the Quantum-Espresso package us-
ing a g-point grid of 1x1x96. The phonon dispersion curves
shown in Fig.1 of the main text are in agreement with those of
Ref. [8

3 Thermomechanical effects

In addition to the "second-sound" peak observed in the Fourier
transform F4(w) of the time dependent amplitude (shown in
Fig.4 of the main text), it is as well found another peak at higher
frequency (see Fig[2). We attribute this peak to a thermomechani-
cal effect: a sinusoidal thermal stress is generated along the chain
by the initial sinusoidal temperature profile. Similarly to the sit-
uation found in graphite and discussed in Ref. 10 this thermal
stress excites the chain into a high frequency vibrational mode
making the atoms vibrate along the chain, in turns this leads to
an oscillatory contribution in A(¢). As due to the relatively lower
time-resolution (3.5 GHz in Ref. [11]vs. 100 GHz in our simula-
tions), the occurrence of this second peak could not be experi-
mentally observed in graphite. In order to further investigate the
nature of this high frequency peak in Fig[l] using the same pro-
cedure described in the main text to estimate vy, we predict its
propagation velocity to be as large as 42 Km/s in agreement with
the sound velocity of 36 Km/s estimated from the phonon group
velocities. This result confirms the thermomechanical nature of
the high frequencies peaks observed in the Fourier transform of
the amplitude decays.
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Table 1 Parameters occurring in the the valence and van der Waals terms of the Class Il model potential of Eq.

Ep, bey (A) kp; (Kcalmol™! A2 ky, (Kcalmol™! A3 ky3 (Kcalmol~! A=)
1.228 2500.0 210.0 1147.0
Eg 0.4 (radian) kg; (Kcalmol ' radian™?) kg, (Kcalmol 'radian—>) kg, (Kcalmol~" radian™*)
27 11.3 30.0 40.0
Eh,h/ beq (A) b,eq (A) kbﬁb’ (Kcal II1017l 10\71)
1.255 1.255 2500
Ew €cc(Kcalmol™1) occ(A)
0.25 3.685
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Fig. 1 Top: Fourier transform of the amplitude A(r) for temperatures
T=30, 300 and 450 K (top) and spatial periods A=0.404, 4.090 and
40.900 um (bottom).
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Fig. 2 Blue circles: estimated first-sound frequency as a function of

the wave vector. The purple dashed lines represents the corresponding
linear fitting function.
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3.1 Thermal conductivity of cumulene

For sufficiently large A values, where an overall diffusive ther-
mal transport regime is observed, we estimate the cumulene ther-
mal diffusivity @ at T=300 K by fitting the exponential decay of
A(r) with the approximate solution of the 1D heat diffusion equa-
tion. In this case the time constant is 7;;r; = A?/47*, where A
is the spatial period and « is the thermal diffusivity. The ther-
mal conductivity k is then obtained as x = ac,p, where ¢, is the
specific heat and p the mass density. The specific heat ¢, has
been estimated using the classical expression of Dulong-Petit. The
system volume has been estimated by multiplying the cumulene
chain length L, times its cross-sectional area of 3.35 Ax 3.35 A
as in Ref. 12l Fig[3] shows the calculated thermal conductivity
as a function of the spatial period A. At variance with other 1D
systems for which an anomalous divergent thermal conductivity
(k ~ AP where B is predicted to fall in between 0.4 and 0.5) was
observed 1314, our simulations (red squares) predict a rather dif-
ferent trend with respect to the one expected for anomalous trans-
port (black and blue full lines, and shaded light-blue area), show-
ing that thermal transport in a cumulene chain is in fact diffusive.
Previous works12 considered an interatomic potential able to re-
produce the phonon frequencies only at the Brillouin Zone center,
but missing completely the correct phonon- dispersion at the zone
boundary. This modeling of phonon dispersions misguided the
Authors of Ref. [12]to the incorrect prevision of a largely extended
ballistic regime. With the previous force field of Ref. (12| phonons
at the border zone never approach one to each other and, there-
fore Umklapp processes are unphysically reduced. On the con-
trary, phonon dispersions are well represented by our novel force
field as well as Normal/Umklapp processes and their changing
relative rates. As a consequence, the higher the temperature (and
so the larger the phonon population at the border zone) the more
the Umklapp process will be activated. From Fig[3]it is therefore
possible to estimate the thermal conductivity value x;,,;; as large
20.043.4 KWm~'K~! (instead of the 200 KWm~!K~! suggested
in Ref. [12).

3.2 Estimated v, and 7y values by means of the MCV equa-
tion.

As described in the main text (see Fig.2), we fitted the ampli-
tude decay A(r) with the approximate solution of the Maxwell-
Cattaneo-Vernotte (MCV) equation by assuming the same space
and time conditions as in our MD simulations i.e. an initial si-
nusoidal temperature profile and periodic boundary conditions in
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Fig. 3 Thermal conductivity as a function of the spatial period A for a
cumulene chain (red squares) . The shaded area represents the range
of typical anomalous thermal transport.

Table 2 Estimated v,, and 7, values obtained by fitting the A(r) time-
decay with the approximate solution of the Maxwell-Cattaneo-Vernotte
equation for different temperatures and spatial period 1=4.090 um.

Aum) TE) vy(Km/s) Tgs (PS)
4.090 30 2.47+0.18  75.87+11
4.090 300 3.234+0.23 138.37 +23

space: A(t) ~ exp(—1t/27)cos(qvyst), where Ty is the thermal re-
laxation time, ¢ = 27w/A is the wavevector and v, is the second
sound velocity. We observe a general good agreement between
the MCV fitting curve and the corresponding A(r) decay obtained
from molecular dynamics. Tablesandshow the vy, and 74 val-
ues obtained by the fitting procedure for different spatial periods
and temperatures.

Table [2| shows the vy, and 7, values at fixed spatial period
A=4.090 um for the two limiting temperatures (T=30, 300) of
the hydrodynamic regime. We observe a general vy increase with
temperature as previously predicted for grapheneI>18. Interest-
ingly, the vy, value obtained at T=30 K is in very good agreement
with the corresponding value (2.680+0.055 Km/s) obtained by
linearly fitting the @ = w(g) dependence (see Fig.5 in the main
text). Ty shows as well a general increase with temperature in
the hydrodynamic regime as previously shown for graphene'lZ,
Table |3| shows the v and 1, values obtained for different spatial
periods (A=0.404 and 4.090 um) and fixed temperatures T=30

Table 3 Estimated v, and 7, values obtained by fitting the A(r) time-
decay with the approximate solution of the Maxwell-Cattaneo-Vernotte
equation for different spatial periods and T=30 and 300 K.

A (/JIII) T (K) Vss(Km/S) Tss (PS)
0.404 30 2.74 +£0.31 14.2+8
4.090 30 2.47+0.18 75.87+11
0.404 300 3.54 +0.43 18.2+9
4.090 300 3.234+0.23 138.374+23

and 300 K. vy is only marginally affected by the spatial period
while 7, shows a remarkable increase
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