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Supplementary Materials: Ultra-Low Thermal Conductivity of
Moiré Diamanes
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1. Structure

Figure S1. Highlighted by red and green color domains of AA- and AB-stacked diamanes, respec-
tively, inside the Dn13 Moiré structure
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Figure S2. Distributions of bond lengths in considered Moiré diamanes
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2. Lattice Thermal Conductivity as Function of Temperature
400
a) 2000{ =« || P n gLt
\, 108 350 . 107
1600 K - k —o T
— 1 — \
E \\ é 300 N
E 1200 - \ 0° Hydrogenated §250- l\_\ 0° Fluorinated
S~ N S~ N
o AN i L §
< 8001 . 2 2007 .
-, -
= 150 S
400 l‘\l\.\_. e
. . : . . — 100+— . . . . .
300 400 500 600 700 800 300 400 500 600 700 800
Temperature (K) Temperature (K)
C) 1000 = . K d) 140 - " LY
\ s
k -2.29 . \ - —. 7155
. 800_ \‘\ -— _.T A120 .\. T
X \ X 100 \
£ 600 \ 13.2° Hydrogenated E ! = 13.2° Fluorinated
S N, s \'\
- T \ - T
v e '\-\ v 60 .\\..\
'~ 40+ T~
200 . L
LS 201 L
300 400 500 600 700 800 900 300 400 500 600 700 800 900
Temperature (K) Temperature (K)
40
e) f) 100 4
{ = " K \ K
351 A 127 %01 -1.48
. - __T P 3 . _.T K
30 \.\ . 801 \
X 25 \ 21.8° Hydrogenated X 701 N 21.8° Fluorinated
E S E o0] -
AN
S 20 . S 50 \
g 15, Sem o 40/ =<
e 30- RN
10+ P 20 ™
5+ 10 +—————F—"——"—"——
300 400 500 600 700 800 900 300 400 500 600 700 800 900
Temperature (K) 40 Temperature (K)
g) 3 h) 100
& K 90 = = K
30+ ! 4136 ! -1.52
\ T 801 \ - =T
— \ — K
Y 25 \ < 70 ‘.\
(S . 27.8° Hydrogenated E 60 \ 27.8° Fluorinated
§ 20 - E LN
< \‘\ < 501 ‘\.
< 15 .\‘\ < 404 \I\\
L 301 L
10 L SR
~. 20- ~. .
10

300 400 500 600 700 800 900
Temperature (K)

300 400 500 600 700 800 900
Temperature (K)

Figure S3. Fitted dependencies of lattice thermal conductivity on temperature for studied Moiré
diamanes with different twist angles of (a, b) 0°, (c,d) 13.2°, (e, f) 21.8° and (g, h) 27.8°
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Figure S4. Three-phonon scattering rates for considered hydrogenated and fluorinated Moiré dia-
manes with twist angles of (a, b) 0°, (c, d) 13.2°, (e, f) 21.8° and (g, h) 27.8°.

3. Griineisen Parameter

From the Figures S5 and S6, we can clearly see that the value of the v parameter of the
hydrogenated films with twist angles 21.8° and 27.8° are more than that of corresponding
fluorinated films. This proves that hydrogenated films are more anharmonic in comparison
with their fluorinated counterpart. It can even also be seen that the hydrogenated films
become more anharmonic with increasing twist angle. Now, in all the twisted systems,
negative values of 7y can be observed, which is a very common phenomenon that can also
be noticed in other 2D materials [3]. The Griineisen parameter is related to linear thermal
expansion. Thus, its negative value indicates negative thermal expansion of the twisted
systems. The Griineisen parameter is important in the sense that it can be a technological
key to suitably control thermal expansion over a range of frequencies and temperatures.
From that point of view, we can comment that twisted bi-layer hydrogenated or fluorinated
systems may indicate a new direction in the field of negative thermal expansion [1-3].
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Figure S5. Phonon frequency dependent Griineisen parameter y of Moiré diamane films with a) 0°,
b) 13.2° ¢) 21.8°, and d) 27.8° twist angles
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Figure S6. Phonon frequency dependent Griineisen parameter 7 for a) fluorinated and b) hydro-
genated Moiré diamanes with different twist angles
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Figure S7. Three-phonon scattering phase space for considered films with twist angles of a, b) 0°

c,d) 13.2° e, d) 21.8°, and g, h) 27.8°.
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Figure S8. Percentage contribution of different phonon branches to the lattice part of the thermal
conductivity of hydrogentated and fluorinated Moiré diamanes with twist angles of a,b) 0°, ¢,d) 13.2°,
e,f) 21.8°, and g,h) 27.8°.
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