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Figure S1 Frequency domain thermoreflectance (FDTR) phase data obtained from six

random points on the CrOCl sample. The blue circles represent data points and the solid

black line represents data model.
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Figure S2 Sensitivity analysis of thermal phase about thermal boundary conductance
(TBC) at 300 K. The inset is the schematic of TBC for Au/CrOCI.
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Figure S3 Temperature evolution with respect to time along the in-plane and cross-plane directions,

respectively, including three predefined mesh sizes: normal, extremely coarse, and extremely fine.

The mesh independence study was performed using tetrahedral elements with three predefined mesh
sizes: extremely coarse, normal, and extremely fine. The results demonstrated that the solution
achieved convergence with the normal mesh size. Consequently, the normal mesh size was adopted

for finite element simulations, ensuring both computational efficiency and result accuracy.
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Table S1 Calculated structural and electronic properties of bulk CrOCI: lattice parameters (A), electronic band gap E,
(eV) obtained using GGA and GGA+U methods, and employed energy cutoff (Encut, ¢V). Available experimental values

are shown for comparison.

Crstal  State  Space group a b c E, Approach U Encut  References
3.198 3.885 7.698 1.01 GGA 0 600 This work
3.233 3918 7.774 2.14 GGA+U 3 600 This work

Bulk 3256 3940 7.820 2.63 GGA+U 5 600 This work

AFM Pmmn

CrOCl1 3.193 3.882 7.635 1.07 GGA 0 450 Ref. [1]
3264 3947 7.711 271 GGA+U 7 450 Ref. [1]
3.168 3.852 7.755 2.8 Experiment / / Ref. [2,3]

The pure GGA method shows limitations in accurately describing the electronic and structural
properties of bulk CrOCI, particularly underestimating the band gap compared to experimental
measurements. Through careful comparison with available experimental data and reference
calculations, we identified that while the value of U-J =3 eV yields lattice parameters in agreement
with experiment, it produces a band gap of 2.14 eV that still significantly underestimates the
experimental value of 2.8 eV. The value of U-J=5 eV provides better agreement for both structural
parameters and electronic band gap. The obtained lattice constants are consistent with the experimental
measurement while producing a band gap of 2.63 eV that closely approaches the experimental value
of 2.8 eV, demonstrating that the ground state of bulk CrOCI crystals is well-reproduced. Therefore,
in the study on the phonon properties of bulk CrOCI, the GGA+U approach (with U-J=5 eV) was

adopted for all the calculations.
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Table S2 Measured thermal conductivities ,, ., and x, (Wm™K™!) along the a-direction, b-direction, and c-direction
and anisotropic ratio x,/xy, k./k. for typical bulk materials using experimental methods. FDTR: frequency domain

thermoreflectance, TDTR: time-domain thermoreflectance, TM: Thermoreflectance microscopy, LFA: laser-flash

analysis.

Bulk materials Ka Kb Ke KoKy Kok Methods References

CrOCl1 21.6 - 2.18 - 10 FDTR This work
Graphite 1983 - 6.1 - 325 TDTR Ref. [4]
BP 83 28 6.5 3 13 TDTR Ref. [5]
h-BN 420 - 4.8 - 87.5 TDTR Ref. [6]
MoS, 82 - 4.75 - 17 TDTR Ref. [7]
MoSe, 35 - 2.6 - 13 TDTR Ref. [7]
MoTe, 19 - 2.5 - 7.6 TDTR Ref. [8]
WS, 120 - 2.8 - 43 TDTR Ref. [7]
WSe, 42 - 2.2 - 19 TDTR Ref. [7]
WTe, 13.5 - 1.34 - 10 TDTR Ref. [9]
Bi,Se; 3.5 - 0.85 - 4 ™ Ref. [10]
BiyTe; 1.8 - 0.9 - 2 LFA Ref. [11]
4H-SiC 345 - 415 - 0.83 TDTR Ref. [12]
6H-SiC 320 - 390 - 0.82 TDTR Ref. [12]
AIN 289 - 283 - 1.02 Three-sensor 2® Ref. [13]
GaN 206 - 201 - 1.02 Three-sensor 2® Ref. [13]
ZnO 40 - 47 - 0.85 LFA Ref. [14]
[-Ga,03 9.5 22.5 13.3 04 0.7 TDTR Ref. [15]
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Table S3 Calculated Young's modulus E,, E,, E. (GPa) along the a-direction, b-direction, and c-direction and

elastic constants C;; (GPa) for typical bulk materials. ¢ Calculated results of E,, E; from equations [16,17] for

Bulk materials E, Ey E. Cu Ci Cis Cs;3 Cyy Ces Cy Cy;  Css References
CrOCl 187.5 - 259 1622 288 124 272 11.5 487 2289 10.6 11.4 This work
Graphite 11494 - 36.87 12113 2755 0.6 36.8 4.2 468 - - - Ref. [18]
BP 149.7 453 47.0 1793 389 6.3 455 556 127 525 007 39 Ref. [19]
h-BN 8124 - 294 853 187 0 29 8 - - - - Ref. [20]
MoS, 208.3 - 475 2219 53 9.2 482 149 845 - - - This work
MoSe, 164.7 - 435 1744 382 9.8 444 145 68.1 - - - This work
MoTe, 114.8 - 37 122.1 27 9.0 38.1 181 47.6 - - - This work
WS, 225.8 - 49.8 237.6 505 9.4 504 148 936 - - - This work
WSe, 185.8 - 464 1934 345 9.9 473 162 795 - - - This work
WTe, 129.3 - 40 134 20.7 9.3 41.1 203 56.7 - - - This work
Bi,Se; 59.5 - 21.8 79.1 215 171 276 181  28.8 - - - This work
Bi,Tes 49.4 - 23.3 71.2 176 195 319 251 2638 - - - This work
4H-SiC 462.9 - 525.1 488.2 104.1 51.1 5339 1583 192.1 - - - This work
6H-SiC 460.1 - 525.5 485.8 105 51.3 5344 160.7 190.4 - - - This work
AIN 318.7 - 3164 375 127.8 979 3546 112.1 123.6 - - - Ref. [21]
GaN 288.6 - 346.6 3459 1283 93,5 3835 929 1088 - - - Ref. [21]
ZnO 122.5 - 138.9 189.8 102.2 937 199.1 452 438 - - - Ref. [22]
[-Ga,03 136.7 250.1 2423 209.8 108.1 113.5 307.8 459 89.2 3122 658 652 Thiswork
. (% 1 )_ ) c
hexagonal crystals, where E, = € Cp-Cp L E.= Ciit C12, C= C33(C11 + Clz) - 26123.

As confirmed by the Born stability criteria [23], the bulk CrOCl satisfies all required conditions:

(1) C11 >0,

2
(ii) C11Ca > C12,

2 2 2
(iii) 611C22C33+ 2CIZC13C23 - C11C23 - C22C13 - C33C12 >0,

(iv) C44 >0, CSS >0, C66 > 0.

These results clearly demonstrate the mechanical stability of bulk CrOCI.
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