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Table. S1. The total energies per formula unit (in meV) for the monolayer XBr; (X = Cu, Ag, Au) with
various magnetic structures by using GGA + U functional. The values are relative to the total energy
of the FM state of the corresponding monolayer. J 1 J 2, and I3 represent the NN-, NNN-, and TN-
coupling constants (in meV) in the Heisenberg model, respectively. The last column gives the magnetic

anisotropy energies per X atom (in meV).

Ut FM n-AFM  s-AFM  z-AFM J1 J2 J3 MAE
2.1 0 212.949 168.913  98.996 17.68 1.72 0.07 1.578
3.1 0 224135 176.636 104225  18.53 1.77 0.14 1.530
CuBr, 4.1 0 232,969 182.639 108.345  19.20 1.81 0.21 1.497
5.1 0 240.569 188.114 113.653  19.69 1.91 0.36 1.478
0.8 0 178.723  167.583  77.003 16.83 2.06 -1.94 1.531
AgBr, 1.3 0 235.553  175.554  84.196  20.43 0.76 -0.80 1.598
1.8 0 245.426 183.016  89.455 21.19 0.85 -0.73 1.604
2.3 0 254.564 189.935  94.039  21.90 0.92 -0.69 1.624
0.5 0 126.125  91.326  22.358 12.19 -0.39 -1.68  0.386
AuBr; 1.0 0 140.039  102.493  29.775 13.30 -0.24 -1.63 0.415
1.5 0 152.603  111.761  38.157 14.14 -0.08 -1.42 0435

Table. S2. The total spin magnetic moments per unit cell (in 'uB) of the monolayer XBr; (X = Cu, Ag,

Au) and the local magnetic moments (in 'uB) at X or Br atoms in the pristine (the first values) and 5%

tensile strained (the second values) structures.

Total X Br
CuBr; 4/4 0.58/0.55 0.37/0.38
AgBr; 4/4 0.43/0.39 0.40/0.41

AuBr; 4/4 0.58/0.56 0.36/0.36




Table. S3. Magnetic ground states of TMA; (TM = transition metal atom and A = F, Cl, Br, I) type

monolayer materials with the similar structure of XBr; (X = Cu, Ag, Au) based on theoretical

calculations and also experimental measurements (in italics). The numbers express the T, for the FM

ground state of the materials. The numbers in bold are our results calculated based on a Heisenberg

model. The T, values we obtained from an Ising model for XBr; (X = Cu, Ag, Au) are 238 K, 190 K,

and 64 K, respectively. The upper corner numbers represent the corresponding references.
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Fig. S1. Total energy fluctuation of the monolayer CuBr; at 100 K (a), AgBr; at 70 K (b), and AuBr;

at 30 K (c) during the AIMD simulations. The insets show the corresponding atomic structures for the

three monolayers at the end of the simulations.
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Fig. S2. The calculated total DOSs of the XBr; (X = Cu, Ag, Au) monolayers in the non-magnetic
state.

1

Normalized Magnetization (M/M,)

0.

0.

Temperature (K)

Temperature (K)

.0
83 83 o1, T 18K 333:::_‘% —a—U_=08,7,= 111 K - U F05,T,=31K
550\)‘ _g_[ 73 T T 138K '5!!03 g —-]—'L' —13 T 118 K ——U,~10,T=42K
Ll
( ) "o 1, ~4L T, = 143K (b) %oy —a—U_~18,7.=124K (C) N U L5 =5TK
5l —a—U, =51, T=149K | | ; U723, T =130K % %
5 B '
0 6_J_HSEM T =153K '“)T . 9—5%, T, =160 K L7 \
° GIDG' L —a—5% le & 4
Cubr, ‘;& é.?? t 9—5%, T,=113K AgBr, "-,f'- 4 AuBr, \a }‘
salds i Lt 1 ,
A
0Ot %g [T TR L ‘%ngggg %""UVHUMV
50 100 150 200 250 50 100 150 200 250 20 40 60 80

Temperature (K)



Fig. S3. Monte Carlo simulations on the magnetization for the (a) CuBr;, (b) AgBr3, and (c) AuBr;
monolayers with different U values for the X (Cu, Ag, Au) d orbitals. In (a), the HSE06 result is also

given. The results for CuBr; and AgBr; under 5% tensile strain are also displayed in (a) and (b),

respectively.
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Fig. S4. The calculated partial DOSs of the (a) CuBr3;, (b) AgBr3, and (c) AuBr; monolayers. The small

up and down arrows express the spin-up and spin-down states, respectively.

(a) CuBr, (b) AgBr, =(:cl’:7 AuBr,

Fig. S5. Band structures of the monolayer XBr; (X = Cu, Ag, Au) in FM states with HSE06 functional.



The red (blue) curves represent the spin-up (spin-down) bands.

1.0
(a) Cue, ! (b) — (c) Aue,!

0.5 p——— ]t 4> S <—~\
;= |
41 1| SRR < | [Prcm o B I P B =
iy Cue,? | P i e Aue, T

T TSt e

—=—
1.0 % %’7'# =

M L K MM T K M M r

2
£

Fig. S6. Band structures of the monolayer XBr; (X = Cu, Ag, Au) in FM states under 5% tensile strain
with GGA + U functional. The red (blue) curves represent the spin-up (spin-down) bands. The small

up and down arrows express the spin-up and spin-down states, respectively.
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