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Table (S1) Elastic moduli () and thermal conductivities () of different materials at room tem-
perature.

Material E (GPa) Refs. k(Wm™' K™ Refs.
Ge 135.4 Ref. S1 60.2 Ref. S2
Si 165.82 Ref. S1 149 Ref. S2
Diamond (I) 1144.81 Ref. S1 900 Ref. S2
Diamond (I1a) 1144.81 Ref. S1 2320 Ref. S2
Diamond (IIb) 1144.81 Ref. S1 1360 Ref. S2
SnTe 65.36 Ref. S3 8.2 Ref. S4
PbTe 67.23 Ref. S3 1.7 Ref. S5
SnTe:Ga, x=0.1 68.3 Ref. S3 6.3 Ref. S4
InAs 79.7 Ref. S6 27 Ref. S7
SrTiO3 260.85 Ref. S8 11 Ref. S9
AgsSnSeq 52.63 Ref. S10 0.39 Ref. S10
MgO 310 Ref. S11 52 Ref. S12
J30 236.7 Ref. S12 1.68 Ref. S12
Al;O3 345 Ref. S12 34 Ref. S12
MAPDI; 12 Ref. S13 0.35 Ref. S13
CsPbbrg 13.5 Ref. S13 0.46 Ref. S13
MAPbBBr3 17.8 Ref. S13 0.51 Ref. S13
MAPDBCly 23 Ref. S13 0.73 Ref. S13
YBs6 362.69 Ref. S14 2.55 Ref. S15
(CogTeg)(Cep)2 1.5 Ref. S16 0.16 Ref. S16
CogSeg 2.3 Ref. S16 0.18 Ref. S16
(CogSes)(Cqo)o 8.1 Ref. S16 0.25 Ref. S16
CogSs 4 Ref. S16 0.22 Ref. S16
Cs0 10 Ref. S17 0.4 Ref. S18
LayZr,0O7 175 Ref. S19 1.9 Ref. S19
BaZrOs 181 Ref. S19 4.3 Ref. S19
NiO 175 Ref. S20 34 Ref. S21
BoC 350 Ref. S22 3.9 Ref. S23
Kevlar 185 Ref. S24 3.1 Ref. S25
Zylon 275 Ref. S25 23 Ref. S25
Nomex 88 Ref. S26 0.65 Ref. S27
Polyamides 9.98 Ref. S28 0.4 Ref. S28
Vinyls 5.96 Ref. S28 0.2 Ref. S28
Polyesters 15.05 Ref. S28 0.2 Ref. S28
Polyethylene (PE) 18.08 Ref. S28 0.4 Ref. S28
MOEF-5 17.59 Ref. S29 0.34 Ref. S30
COF-5 11.53 Ref. S31 1 Ref. S32
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Figure (S1) Schematic illustration of the computational domain for our pristine COF-300 struc-
ture highlighting the directional variation along the in-plane (a- and b-) and cross-plane (c-) direc-
tions.

I. Equilibrium MD (EMD) Simulations

We utilize the Green-Kubo (GK) formalism under the equilibrium molecular dynamics (EMD)
simulations framework to predict the thermal conductivity of our COF-300 structures using the

LAMMPS package.5** In this method, the thermal conductivity is calculated as,

1 [ee]
o = / (Ja(t)Ja(0)V . ()

Here, t is the time, 7" and V" are the temperature and volume of the system, and (J,(t)J,(0)) is the

ath component of the heat current autocorrelation function (HCACF) which is given as, >3

Here, v;, €;, and S; represent the velocity, energy and stress of atom i, respectively.
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For our equilibration process, the structures are initially equilibrated under the Nosé-Hoover
thermostat and barostat (i.e. the NPT ensemble)®*® for 1 ns with a timestep of 0.5 fs where the
number of particles, pressure and temperature of the system are held constant at O bar pressure.
Following the NPT integration, further equilibration is carried out under the NVT ensemble where
the volume and temperature are kept constant for a total of 1 ns with periodic boundary conditions
in all three directions for the entire simulation. An additional equilibration is performed under
NVE ensemble for 1 ns where the number of particles, volume and total energy of the system are
held constant. Finally, we utilize the GK formalism to calculate the thermal conductivities of the

computational domains.
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Figure (S2) (a) Green-Kubo thermal conductivity of our pristine COF-300 structure at 300 K
as a function of the integration time. Normalized heat current autocorrelation function (HCACF)
as a function of the integration time is shown in the inset. The converged thermal conductivity is
determined by averaging from 10 to 30 ps where the HCACF has fully decayed to zero. (b) Thermal
conductivity of pristine COF-300 structure in in-plane and cross-plane directions at 300 K as a
function of number of atoms in the computational domains. Note, we consider the computational
domain of our pristine COF-300 structure with 7008 atoms to calculate the thermal conductivities
across the temperature range.

We use the total correlation time period of 30 ps for the integration of the HCACF as shown
in the inset of Fig. S2a. The heat current is calculated every 7 fs for all temperatures during
the data collection period followed by integration of the heat current to calculate the converged

thermal conductivities. We note that our choice of sampling rate for the HCACF has negligible
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influence on the predicted thermal conductivities. Figure S2a shows the converged in-plane and
cross-plane thermal conductivities for the pristine COF-300 structure at 300 K, which is determined
by integrating from 10 ps to 30 ps where the HCACF has fully decayed to zero as shown in the inset.
Note, we calculate the in-plane thermal conductivity by taking average of thermal conductivities
in z- and y-directions (Kin—plane = %[/@x + ky]). To ensure our results are not influenced by the
size of our computational domains, we carried out a series of GK calculations by varying the
size of the computational domain (and the number of atoms from 2336 to 7008) as shown in
Fig. S2b. The convergence of thermal conductivity for the different computational domain sizes
within uncertainties ensures that our choice of the domain size with 7008 atoms does not influence
our GK predictions. To gain confidence in our GK-predictions, we also perform additional non-
equilibrium molecular dynamics (NEMD) simulations to calculate the room temperature thermal
conductivity as shown in Fig. S3. Note, since the NEMD method is computationally very expensive
(especially with the costly ReaxFF potential) with large domain sizes, we only perform a set of
NEMD simulations to calculate the cross-plane thermal conductivity of our COF-300 structure.
We have used this method previously to study the influence of guest-host interactions in 2D
COFs. 53537 Our recent computational investigations have revealed that the thermal conductivity of
2D COFs is significantly affected by infiltration of guest molecules. %537 These works have shown
that the comprehensive understanding of the impact of guest molecules on thermal conductivity is
complex due to factors such as additional scattering at pore walls that might reduce phonon ther-
mal conductivity,3” influence of varying pore geometries that might increase or decrease thermal
conductivity depending on the node and the linkers,5*® density variations in the guest infiltration
that can vary thermal conductivity over a wide range,” and additional heat transfer channels that
might increase the overall thermal conductivity of gas-loaded COFs.%*¢ For example, in smaller-
pore 2D COFs such as COF-1, guest molecules reduce thermal conductivity due to solid-gas scat-
tering, while larger-pore COFs (such as COF-5, TP-COF) with infiltrated guest molecules exhibit
increased cross-plane thermal conductivity due to additional heat conduction channels introduced

from the confined gas molecules.5*” As guest infiltration can either increase or decrease the ther-
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mal conductivity, fully understanding the consequences of such infiltrations in COF-300 requires
further investigation but falls beyond the scope of the current work.

Furthermore, a high degree of conjugation can result in a significant enhancement in thermal
transport, as evidenced by previous studies.5**-*! This effect has been observed in various materi-
als such as in two-dimensional crystalline polymersS 34542 with extensive 7-conjugation and high
bond energy in their molecular backbones exhibit notably high thermal conductivity. Therefore, the
extended conjugation in COFs might also impact the phonon dynamics, resulting in variations in
their thermal conductivity. In our study, segregating the contributions arising from m-conjugation
in our COF-300 structures requires a detailed investigation and therefore deserves further investi-

gation.

II. Non-equilibrium MD (NEMD) Simulations

To further support our results obtained from the GK formalism under the EMD simulations frame-
work, we perform additional NEMD simulations using the LAMMPS package>** and validate the
thermal conductivity of our pristine COF-300 structure in the cross-plane, z-direction. In this
technique, we establish a steady-state temperature profile across our computational domain by im-
posing a heat flux. This is carried out by prescribing a ‘hot’ region located at one end of the com-
putational domain, where we add energy at a constant rate and simultaneously extract the equal
amount of energy from the ‘cold’ region located at the other end of the computational domain.
We divide our computational domain into distinct regions along the z-direction, as illustrated in
Fig. S3a. The atoms within the ‘wall’ region are frozen, while a fixed amount of heat is added and
removed from the atoms within the ‘hot bath’ and ‘cold bath’ regions, respectively.

After we obtained a steady-state temperature profile as shown in Fig. S3b, the thermal conduc-

tivity is calculated by invoking the Fourier’s law of heat conduction,

dT

Q=—r. 3)
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Here, () represents the heat flux that is added to and subtracted from the hot and cold regions,
respectively. s denotes the thermal conductivity, while % represents the steady-state temperature
gradient.
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Figure (S3) (a) Schematic illustration of the computational domain for our pristine COF-300
structure used in our NEMD simulations to predict the cross-plane thermal conductivity. (b) Char-
acteristic steady-state temperature profile in the z-direction, which we utilize to calculate the ther-
mal conductivity by invoking the Fourier’s law of heat conduction. (c) NEMD-predicted inverse
of size-dependent thermal conductivities as a function of the inverse of the computational domain
length in the applied heat flux direction. The ‘bulk’ thermal conductivity is predicted by extrapo-
lating the linear fit to 1/L — (.545%

Figure S3 shows the details of the NEMD simulations performed on our pristine COF-300
structure in the cross-plane direction. We calculated the thermal conductivity for different com-
putational domain lengths ranging from 70 to 360 A. Initially, the computational domain of our
pristine COF-300 structure is equilibrated under the Nosé Hoover thermostat and barostat5* using
the NPT integration for a total of 1 ns where the number of particles, pressure and temperature
of the system are held constant at O bar pressure using a timestep of 0.5 fs. Then the structure is
further equilibrated under an NVT integration where the volume and temperature is kept constant

for a total of 1 ns with periodic boundary conditions in all three directions for the entire simulation.
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Further, an additional equilibration is performed under NVE ensemble for 1 ns where the number
of particles, volume and total energy of the system are maintained constant. Finally, we utilize the
NEMD method as mentioned above to calculate the thermal conductivity of our pristine COF-300

domains. As carried out in prior works, 543544

we plot the inverse of thermal conductivity versus
the inverse of the computational domain length (L) and extrapolate to . — 0 to obtain the bulk
thermal conductivity as shown in Fig. S3c. We calculate a Keross—plane = 0.4240.06 W m ! K!
via our NEMD approach which agrees very well with 0.440.05 W m~! K~! calculated by our GK

method, thus providing confidence in the results presented in this work.

III. Vibrational Density of States

To determine the vibrational density of states (DOS) for our COF-300 structures, we recorded the
velocities of the atoms at intervals of 10 time steps over a duration of 1 nanosecond. Once we
gathered the time series data for velocity fluctuations, we employed the Fourier transformation
algorithm on the velocity autocorrelation function (VACF). Additionally, we utilized the Welch

method of power spectral density estimation to obtain the DOS.

1
D(w) = T

m(VACF)p. “)

Here m is the atomic mass. 7', kg, and p are the local temperature, Boltzmann constant, and atomic

density, respectively.
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Figure (S4) Vibrational density of states of pristine structure in the in-plane and cross-plane
directions. There is higher vibrational DOS of the lower frequency modes in the cross-plane direc-
tion. The shift to higher frequency vibrations in the in-plane direction might be one of the reasons
for the enhanced thermal conductivity in that direction (as shown in Fig. 2b).

7 : : : 6 . : :

. (a) In-plane . (b) Cross-plane
w6t O Pristine COF-300 - ‘_'x 5| O Pristine COF-300]
"_E ¢ Framework Kavg v,—E ¢ Framework Kavg
= \ = 3% KoF.300 =4 \ - 3% Kor.a00

24t —3IP COF-300 > —3IP COF-300

= =

5 B3

5 3} 3

c c

3 82}

T 2[ T

£ £

o) 1 | olr 4
c e

[ Y = §§

O i i i i 0 i i i i
0 100 200 300 400 500 0 100 200 300 400 500
Temperature (K) Temperature (K)

Figure (S5) Calculated thermal conductivities as a function of temperature for the pristine COF-
300 compared to the thermal conductivity contributions from the individual frameworks of 3P
COF-300 structure in the (a) in-plane and (b) cross-plane directions. Thermal conductivities of
the sum of 3 frameworks (signifying parallel channels of heat transfer without the influence of
supramolecular interactions) and 3IP COF-300 structure (with the influence of supramolecular
interactions) are also included for comparison. As is clear, supramolecular interactions in the
interpenetrated frameworks result in considerably higher thermal conductivities as compared to
the 3x thermal conductivities (especially at lower temperatures and along the in-plane direction).
This highlights the significant increment in thermal transport via supramolecular interactions that
significantly change the thermal conductivities of the individual frameworks in the interpenetrated
structures.
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Figure (S6) Stress versus strain curves for uniaxial tensile loading in the (a) in-plane (z-direction)
and (b) cross-plane directions (z-direction) for our pristine, 2IP, and 3IP COF-300 structures.
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Figure (S7) Thermal conductivities as a function of uniaxial tension for our pristine, 2IP, and
31P COF-300 structures in the (a) in-plane and (b) cross-plane directions. We note that the struc-
tures are stretched in the in-plane (z-) and cross-plane (z-) directions to calculate their thermal
conductivities in the respective directions. The thermal conductivity increases monotonically with
increase in uniaxial strain for our pristine COF-300 structure in both the in-plane and cross-plane
directions. However, the effect of strain on the thermal conductivities for 2IP and 3IP structures
has a reduced effect in both the in-plane and cross-plane directions.
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Figure (S8) Vibrational density of states of our (a) pristine and (b) 3IP COF-300 structures at 300
K for 5% hydrostatic tension and 2.5% hydrostatic compression. We see considerable shift in the
vibrational spectrum to higher frequencies for pristine COF-300 structure resulting in the phonon
hardening and higher thermal conductivities under hydrostatic tension (a). Whereas, for the 3IP
COF-300 structure (b), due to reduced supramolecular interactions between the COF frameworks,
vibrational spectrum considerably shifts to lower frequencies resulting in the lower thermal con-
ductivities for the interpenetrated structures as compared to the pristine COF-300 (as shown in
Fig. 5 of the main text.
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Figure (S9) Calculated mean square displacements (MSDs) of our pristine and interpenetrated
COF-300 structures at 300 K as a function of hydrostatic strain. The MSDs for pristine COF-300
structure are reduced due to better alignment of the polymer chains (see Fig. S11) resulting in the
phonon hardening and higher thermal conductivities under hydrostatic tension. Whereas, for the
interpenetrated COF-300 structures, due to reduced supramolecular interactions between the COF
frameworks, the MSDs are increased with the application of hydrostatic tensile strains resulting
in the lower thermal conductivities for the interpenetrated structures as compared to the pristine
COF-300 (as shown in Fig. 5 of the main text.)
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Figure (S10) Schematics of our pristine COF-300 structure for (a) 0% and (b) 10% uniaxial
tensions in z-direction. (c) Chain angle between the polymeric linkers and the cross-plane axis as
a function of uniaxial strain for our pristine COF-300 structure at room temperature. We observe
monotonic decrease in the chain angle with the increase in uniaxial strain. This decrease in chain

angle leads to better alignment of the polymeric chain linkers along the cross-plane direction and
thus facilitate heat transfer along that direction (Fig. 2c¢).
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Figure (S11) Schematics of our pristine COF-300 structure for (a) 0% and (b) 10% hydrostatic
tensions. Hydrostatic tension results in better alignment of the polymer chains leading to vibra-
tional hardening and the concomitant increase in the thermal conductivity of the pristine COF-300
structure (Figs. 5b and 5c¢).
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