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Supplementary Sec. 1. Test on the frozen window maximum

The test of the maximum of frozen window is given based on 100 materials which were arbitrarily
chosen, including 60 semiconductors and 40 metals. The DFT bands and Wannier bands generated
with different frozen window maxima are compared using the band distance, which is defined by
Eq. (4) in the main text. As demonstrated by Supplementary Fig. 1(a), Ep + 2 €V gives the optimal
result especially for the high-energy bands. The band distance of all the 426 materials is presented
in Supplementary Fig. 1(b). Most materials present a small band distance below 2 meV.
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Supplementary Fig. 1. Statistic results of band distance. (a) Impact of the maximum of frozen
window based on 100 randomly selected materials. In the Wannierization, the maximum of the frozen
windows is given by Ep + A (unit: eV) where A = 0.5, 1, and 2, respectively. The band distance below Ep
+ v where v = 0.5, 1, and 2 are respectively evaluated. For insulators, Ey is defined as the conduction band
minimum. (b) Distribution of band distances for all the 426 monolayers using a frozen window of A =2 eV.



Supplementary Sec. 2. Metals with high SHC

Metal number

ofy (eldn)

Supplementary Fig. 2. Spin Hall conductivities of 210 monolayer metals. The inset shows the
region where 15 materials presents high spin Hall conductivities of [07,| > 2 e/4m. These 15 materials are
reported in Supplementary Table 1.

Supplementary Table 1. 15 monolayer metals with |07, > 2 e/47.

Monolayer Space group logyl (e/4m)
BiTes P-3ml 4.88
LiMnTes P3ml 3.39
NaMnTey P3ml 3.24
AgCuTeq Pmm?2 3.14
Yo Cly P-3m1 3.14
LiMnSes P3ml 3.11
TaySeo P4/nmm 3.08
SnyP P-3m1 2.75
Co9S9 P4/nmm 2.71
Sho Tes P-3ml 2.55
BaoNig P-3ml1 2.39
Y9Bry P-3m1 2.38
IngTes P-3ml1 2.31
CoBrg P-3m1 2.01
TIQIQSQ P4/nmm 2.00




Supplementary Sec. 3. Electronic structures and phonon dispersions of promising materials

Electronic structures and phonon dispersions of 8 materials with superior SHC properties are
detailed here. For all the materials, the reproduction of DFT results illustrates the high-quality
Wannierization. The absence of imaginary frequency suggests mechanical stability. The SnyP and
Y9Bry monolayers are discussed in more depths since they required special treatments.

The SnyP monolayer with the P-3m1 space group presents negative frequencies around I' as shown
in Supplementary Fig. 3, which is consistent with Ref. [1]. To eliminate the negative frequencies,
the structure of SnyoP monolayer was relaxed without any symmetry. To obtain initial structures
for relaxation, 10 structures randomly displaced for the equilibrium position were generated with
the P1 space group. Then their total energies were calculated, 3 of them present the same total
energy minima, and only 1 structure presents a positive phonon dispersion. This relaxed structure
is given in Supplementary Table 2. Electronic structure and phonon dispersion of this low-symmetry
structure are depicted in Supplementary Fig. 4. The comparison between Supplementary Fig. 3(a)
and Supplementary Fig. 4(a) illustrates that the change of electronic structure is negligible. However,
the broken symmetry is critical to obtain a positive phonon dispersion as shown in Supplementary
Fig. 4(b). This low-symmetry SnsP monolayer is the material reported in the main text.

We now focus on Y9Bry. The possible magnetism of Y9Brg has been considered since Y9Cly
was predicted to be a ferromagnet [2]. Due to the self-interaction error in exchange-correlation
functional, a Hubbard correction was included with magnetism. The ab initio Hubbard parameter
U = 1.16 eV computing using density-functional perturbation theory and atomic projectors [3]. As
shown in Supplementary Fig. 5 and Supplementary Fig. 6, both non-magnetic and ferromagnetic
phases present positive phonon dispersions. However, apart from the mechanical stability, the
thermal stability of magnetism should also be checked. The magnetic anisotropy is critical for the
ferromagnetism in 2D material since it could stabilize the long-range magnetic order by opening up
an excitation gap to resist the thermal agitation [4]. Defined as the energy difference between in-plane
and out-of-plane magnetic configurations considering spin-orbital coupling, the magnetic anisotropic
energy (MAE) of ferromagnetic YoBry was calculated to be 0.03 meV. Two well-known 2D magnets
can be taken as reference: Crls monolayer with an MAE of 0.65 meV and a Curie temperature
of 45 K [5], and MnBisTey monolayer with an MAE of 0.15 meV with a Curie temperature of
20 K [6, 7]. With a much smaller MAE, the ferromagnetism of YoBro is easily vulnerable to the
thermal agitation, illustrating the difficulty of maintaining ferromagnetism at room temperature.
As a result, Y9Bry is expected to be non-magnetic at room temperature, and the non-magnetic
configuration has been employed in the main text discussion.

Finally, Supplementary Fig. 7-Supplementary Fig. 12 show the electronic structures with SOC
including DFT and Wannier bands and phonon dispersion without SOC.
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Supplementary Fig. 3. Electronic structure and phonon dispersion of the high-symmetry SnyP
monolayer.

Supplementary Table 2. Lattice vectors and atomic positions of the stable low-symmetry SnoP
monolayer.

Lattice vectors z (A) y (A) z (A)
a; 3.6891078804627813  —0.0000036894473096 0.0000000000000000
as ~1.8445281141002232 3.1948732083140299  0.0000000000000000
as 0.0000000000000000 0.0000000000000000  23.1653976932423795
Atomic positions z (A) y (A) z (A)
Sn 0.1155841121498199 2.0834497119210194 2.1794277321228130
P 1.9600579913745917 1.0184036750440661 0.4381801612843048
Sn 0.1154896622986938  —0.0464530931859039  —1.3030736816146300
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Supplementary Fig. 4. Electronic structure and phonon dispersion of the low-symmetry SnyP
monolayer.



2 — 250
@) / —— DFT A ®)
TVl a0k
1 | T \
> 5 150}
g O 3 %>>\
, 5 100 —
m ] % \/—v
-1r E 5oL >
r M K r r M K r

Supplementary Fig. 5. Electronic structure and phonon dispersion of the non-magnetic Y9Bro
monolayer.
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Supplementary Fig. 6. Electronic structure and phonon dispersion of the ferromagnetic YoBrg
monolayer.
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Supplementary Fig. 7. Electronic structure and phonon dispersion of the Y9CyIy monolayer.
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Supplementary Fig. 8. Electronic structure and phonon dispersion of the Ta;Sey; monolayer.
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Supplementary Fig. 9. Electronic structure and phonon dispersion of the Bi; monolayer.
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Supplementary Fig. 10. Electronic structure and phonon dispersion of the HfyBry monolayer.



2 v - 400
() / o ®
---- Wan \
1 / 2300 A ey N
~ T~ :
(] ~
= 0 Zo0f oo———
[a] = —_—
' g
[8a] o
b £ 100F _—
) yd \ 0
r M K T r M K T

Supplementary Fig. 11. Electronic structure and phonon dispersion of the CuLisAs monolayer.
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Supplementary Fig. 12. Electronic structure and phonon dispersion of the TisNyIy monolayer.
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Supplementary Sec. 4. Fully relativistic electronic structures of 210 monolayer metals

0.5

0.0

AgoFy [P21/c]

Ag,Te, [Pmma]

AgCuTe; [Pmm?2]

‘ 20 — 20 ——=<x
—— DFT \ /\ —— DFT Y —— DFT \
B ---- Wan L5 -=-- Wan L5 ---- Wan
N /1 VA \. j \ o \ /
N\ ) \ N VA
E % 0.0 /| % 0.0 /
_/ a PV \VERNW/ &
- m -05 m
L 10} ;
L -15}F i
—/\é_ Z —20 ﬂ N\ | : i
r X s Y T X S Y T r X s Y T
AgTe; [P-4m2] o AgTIl [Pmmm)] i AsSe, [P-6m2]
\ — brT ] ' \ / \ /\ — pFr| ' \ /\ —— DFT
L ---- Wan L5k ---- Wan L5F ---- Wan
= \ 1.0 \/ \ 10 \./
| AV VN Y 2
,,,,,,, o o >~’\ /\{
- L \J 1 \\/
L 10} —1.0 M
I st / \ st 2(
/X M T 2O¢ X S Y T 20r M K T
AuCrTey4 [P2/m] AuTe; [P-3m1] Ba,Cd [P4/mmm]
20 20
X —_— — = =
\\/\/\/\, el sk o ~\// \ or
N WINL / o %A\ \ \\
i \/_/—\// S ost S 05 /\%
\= A\J/‘ E 0.0 P\ \//- -\\/\/ /1 E 0.0 /
/\x /\ 5 LIIJ -05F uIJ 0.5 F
NST~=F
- T~ | -is -1s5f
r X S Y T T2Op M\ K /\r —20p X M r
Ba,Cu, [P6/mmm] . Ba,Hg [P4/mmm] v Ba;Mn;Ge; [P4/nmm]
: \)i = ‘ _/\% = Drr ' //V —DFT
B -==- Wan | L5 ---- Wan LS| /\ --=- Wan
o / NS 10 % -\ 1.0 A \ T
AaYavit AN alt-
< A o _
e GRFN VAR DA [0
- m -05} m —05F \
L —10}F /\ -1.0 \
L -1 /\ -15F
M /K\ r 2r X M o 20p X M r



E—Er (eV)

E—-Eg (eV)

E—Eg (eV)

E-Er (eV)

Ba;N [P-3m1] Ba,Nis3 [P-3m1] Ba,Pt [P-3ml]

2.0
\/ —— DFT \’\_j”— DFT "\_/L DFT

g 7
stk \____ W 15t —ee Wan sk T~ = ———- Wan A
10 -\ N /] 10 A= 10 s
05t S 05 S 05
0.0 / A\/ N\ E 0.0 /\\/A E 0.0 /\ V/
/ \ I _/: 7 _\ \\ | /
—05} m -05 m -05|
—
-10F -10 2 -10 /s_
—-15F -1.5 % —-15F
20 e T~ 20 % m 20
r M K T r M K T r M K T
BisMn; [Pmma] Bi; O, [P4/nmm] Bi,Pd [P4/mmm)]

hY

<

S
/ \

A4

05

N brr * \ \ /\ — bFr
~——- Wan L5 ---- Wan
" l.o\ N\ N/ -/

AN EEAVARNIRY /A

—0st \

-1.5 -/\ _/\/

E-Eg (eV)

el

-0.5 /
-1.0
_15 -
/\I\
—20p X M T ~2O0r X “ M r
BiTe; [P-3m1] C [P6/mmm]
20 — 2.0
—— DFT —— DFT
L5 ---- Wan L5k -=-- Wan
1.0 1.0 !
o 05 S 05F
S \/‘\ /\/ S / A
L )
5 ooloNON /5 oo
I / I
M -05 k \—_ B 05 v

7
\¢

h
e X r Y c r M K T 2Or M K T
Ca,C4 [Pmma] Ca;Mn;Ge; [P4/nmm] Ca,Mn;Siy [P4/nmm]
20 A} 2.0 — , 20 o
—— DFT = & 7] J =
15 \ ---- Wan | L5E o= Wan 4 L5 F e Wan ]
0 N 10 AN 1.0 s
05t \ o 05 o o0sF
. hyt i 00 500
-05f m 05 m -05
-1.0F -1.0 % -1.0 %
-15 '\} -15F sk
\ / s =
20 N YIA T 72070 X M T 200 ~ - 1
CaN [P-3m1] CasCus [P21/m] CdClO [P3ml]
* £ 20 ~— 20
— T — DFT ] JR—
1.5F \ ---- Wan 15 f@__“ Wan 71 15F o Wan
10 V"/ AN - 1.0 -z x AN <] 0
N~
05t o 05EX < k o o0st
0.0 & 00 e Y Z oof _
/ \ | /v SN _\—_
-o0sf m -05f m -05f
NN N~
-1sF sk / Ll
r -20 VAN JAN I N

2
tal
.
g
b
w
“V
g
2
tal
.



E—Er (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

CdO; [P-3ml]

CoyAs; [P4/nmm)]

CoyLiAs; [P4/nmm]

N M

20 — 2.0 p—— >
—— DFT ﬁ \ —— DFT \ > —— DFT/
B ---- Wan L5 ---- Wan L5 ---- Wan
1.0 \ ] 1.0 \ /]
L S 05 < \ // / S osr % \
_\\/\ = % oo / 1: 00 \
m - m = S~
L —10} /\/ -0}
\ \ / -15k -15 —/‘\
N ya 20 \ N / 20 N\
M K T T X M T r X M T
Co0,S; [P4/nmm)] Co,Se; [P4/nmm)] CoBr; [P-3m1]
20 20
—— DFT —— DFT
L5 \ -==- Wan 4 L5r --=- Wan
1.0 \ /4 1.0
S osp \ : z S oSt
S —
E 0.0 -7 ™\ & 8::. 0.0 \v/ = N/
TV N7
m -05k m -05 [ —
e -
10} -1.0 ;C/—a
-Ls _— st
—
—20p X M T T20r M K r
CoH,0; [C2/m] Co0O; [P-3m1] CoTe; [P-3ml]
T L\ S— 2.0 ~——> 2.0 —
L NS / —— DFT " —— DFT —— DFT 4
i ‘\“‘ /'r -=-- Wan L5r ---- Wan 15 \ \ / -=-- Wan
N\ 1.0 1.0 VA |
S\V7A R\ N 4
NN S E 0.0 N /A/~ E 0.0
uIJ 0.5 \7 ulJ 0.5 \/‘%—
x / X ok =y 10 &‘ Vo
__/\/\/— L m Al \ /
T YIA T 20p M K T 2O0r M K T
CryBr,O; [Pmmn] CryBr,S; [Pmmn] Cr,Cl1,0; [Pmmn]
2.0 — - 2.0 7 T —— ]
—— DFT \< P —— DFT
1.5 v / e W 15 b/ T
N
1.0 / 1.0
2 g ——
L )
= - e
o o J =<

L -15}F
X S Y r T X S Y T 2O0r X S Y r
Cr,04 [Pmmn] CrO; [P-3m1] CrS; [P-3ml]
— 2.0 20 -
— DFT ] — DFT \/ — DFT
F --=- Wan / L5 ---- Wan LSr =-=- Wan
/TN [/ 1) C— 10
\@ >
A s EO N
Qo )
- \L ) S o
- / \ug—o,s%\/ \uh—o.s- \_’
L —10} —1.0
- -15}F -15}F \
X S Y T 200 M K T T20r M K T



E—Er (eV) E—Er (eV) E—Er (eV)

E—Er (eV)

7

CrTe; [P-3ml1]

CsBr3; [P6/mmm)]

Cu,Cly [P4/mbm]

20 2.0 ‘ 2.0
—— DFT —— DFT —— DFT
15 -\ < ——“- Wan 15t —o—- Wan 151 ce—- Wan
1o\ N A | /] 10 10 N -
AN / - ]
05
y \—\:/\\ S, T ¢
-10f -10 R _\:
-15}F \ -15F O >
_2'0r/\ M K /\F _2‘0Y1\ /:(:7;\ Y /C
CuyF4 [P4/mmm)] Cuy0; [P4/mmm)]
20 —] 2.0 ——
13 \ --=- Wan 15r /\ --=- Wan
10 4 10 \/ /
05 < 05t o
T 5 B VAL
| N/ Y
—10f __\
T 72‘0ry\ )'( S — Y r
CuySe; [P4/nmm)]
—— DFT * —— DFT
LS --=- Wan LSr --=- Wan
1.0 1.0 P~— /]
05 S osp S
-05F uIJ -0.5 % \ / ulJ
-0} ~1.0
-15 -15 \ %
72'0r\ X M //F —20p X M r
Cu,Te; [P4/nmm] Cu,Te; [Pmmn]
§ — i\ ==
. === Wan 7] . ---- Wan |
10 M\ 10 \ /
05 S osp S
AV S AN AN
-05 @ —os b

N

r X M —20p X S Y r r M T
CuyTe, [C2/m] CuyTe; [P6/mmm)] CuBr; [C2/m]
A4 — W 20 g ~= - - 20
N —— DFT —— DFT —— DFT
/ -==- Wan 15 '\/\/\’_ ---- Wan LSr ---- Wan
L~ / \
=2 1.0 \/ 1.0
L ; §* 05 /
00 / &Jq E E 0.0 N / ~
_J \-—J | | \/ \/
—05} m m -05
_1of 1o T~ L~
N -f \\ ; -15 _\C /\"'
-20 -20 : —T —
T YIA r T YIA r X N YIA T



E—Eg (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

CuCl; [C2/m]

CuGeO3 [Pmm2]

CuO; [Cmmm)]

20 — 20
—— DFT / —— DFT \/ \— DET
B ---- Wan L5 ---- Wan L5 ---- Wan
1.0 1.0
L S 05 \/ — | & ost
\\// \ /‘\\//\\// z 00 ~\ / :':_ AN N/
L u|.1 -05 \_/ uIJ 05} —
K A s
= —15}F e -15F
N NN T~
- yat
X T YIA r r X S Y T X N Y ¢
CuTe; [P-3ml] Fe,As; [P4/nmm] Fe,LizAsy [P4/nmm]
~ 20 ~——=—— 20 —
—— DFT A / —— DFT —— DFT
7] o (7~ ™\ —
o \\ % // % 05 F \ M % 0.5 \ //\
E 00 T 00N o~
i \/\ \/ m —os m o5k _/\V
L -1.0 N —-1.0 |
/\ -15 \ \o\ / —15f \
r M K T 2OF X M r r X M r
Fe,Li; P, [P4/nmm] Fe,S; [P4/nmm] Fe,SeTe [P4mm]
2.0 77 2.0 77
\ —— DFT —— DFT p
'/0 e —-—- Wan L5 ---- Wan
™\ I AN~ L, \ ~
B\ ) AN VA
N T \ 0
\./\ m -05F \/ 8]
L -0}
- \ —15}F \
r X M T 2r X M r r
Fe,Te; [P4/nmm] FeH,0; [P-3m1]
7 2.0 A\ Y
—— DFT —— DFT g
\ === Wan] LS > === Wan
e \7/4’- v _\
% /~/ S 05 // s
_ /\ y/ E N //—§/—\\ E
-0} /
my [/ /\/
r X M T M K T M K r
FeSe, [P4/mmm] GajSe; [P-3ml1] GayY I, [P-3ml]
7T 2.0 — 2.0 ~ ) W —
—— DFT —— DFT / DFT
B \ ---- Wan L5r --=- Wan | L5 —==- Wan |
/ \ \/ /] 10 / Lo B\ pas
= 00 = 00 —
)7 UIJ ¥ Uf \\\,
- m -05 m -05f
L 10 P —10}
L /\/\ /\/ -15F -15F :
N N 20 2\ 20
r X M T r M K T r M K T



E—Er (eV) E—Er (eV)
] 1 |

—;s&

LoLoLoL

} -

><§

E—Eg (eV)

E-Er (eV)

Hf,Cl, [P-3m1] Hf,Ge,Te; [P4/nmm] Hf>Se;Si; [P4/nmm]

2.0 L ——_ 2.0 7

7 \— bt \\’// —— DFT

L5r ---- Wan L5F -=-- Wan
XN ) PN e

)

/ VA

00:/\

\.@
::\/VJ !

r M K r
Hf,Si;Te, [P4/nmm] Hf3Te, [P4/mmm]

y
A S owa 15
/\

A\VARRST
A

E—EFr (eV)
-\

E-Er (eV)

S
| N\l

"Jo/
N}

M

\/\/\’-/7=

I

i
=

&S

E—Ek (eV)
E—Ef (eV)

M M T M K
HfTe; [P-3ml] Hg,C1,N, [Pmma] HgsBr; [P-3m1]
~ —~ 20 ‘ 20
N\ — DIT —— DFT — DFT
-==- Wan L5 ---- Wan L5 ---- Wan
/ \\ \\: 1.0 1.0
o o5} o 05t
At \
& 00 & 00
HIJ —051 ulJ -05F \ /
—10f % -0 >
/\ -5 — -5t / \
20 \ / 20
K T T X S Y T r M K T
HgO [P4/mmm)] InyTes [P-3m1] InSe; [P3m1]
20 — 20 — 20 —
—— DFT \ —— DFT / —— DFT \|
L5r ---- Wan L5 -=-- Wan L5F ---- Wan
\ /\ /X& q
1.0 \/ 1.0 1.0
05t S oSt \ / S 0sp /
/ N\ N\ \ S A—\ A2 N\ /
N~ :
05 F m -0.5 \ m -0
-0} -10} \-’- -0}
-15 /-\ f-\ -5 -\ \_/ “1s5f o
N AN
—20p X S Y T 20¢ M K T 2O0r M K r
InSe [P3m1] In [P4/mmm] In [P6/mmm]

2.0

I3
n
T

— =N
s 5 B
AN
.
=I
=}
£ 3
I
- = »
o W o
.
— <
o
= U
g3
z o
.

=
N
_—
E—-Eg (eV)
>> =
QQ
_—

3
00 b = 00
&
|
—0sf m -05f —0st
“1of “1of “1of

|
n
T
|
[
T

L

72‘01" 72.01,‘

>
=2
-
=
=~
-



E—Er (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

|
n

-2.0

2.0

=4
=)

|
o
wn

|
o

|
n

|
»
o

g
=

n

0.5

0.0

-2.0

Ir, Asy [P4/nmm]

Ir, P, [P4/nmm]

IrTe; [P-3m1]

7~ 2.0 —
/ S -7 T \/ \> —Z ot
---- Wan h L5F == Wan
// N 10
~ o 0sf
9 = 0.0
\ / g g e
s F m @05+ /_
- / e /\//
L sk ~_ //
N - 7 Y o
r X M T r M K T
K,PdS; [Pmmm)] K;PdSe; [Pmmm] K,PtS,; [Pmmm]
~—— 20 v— 20 ~
-\ N = prr —— DFT | e ~ ot
B ---- Wan L5 ---- Wan L5 ---- Wan
1.0 1.0
- o o5t o 0sf
= g 00 '\/ o 00 ”
L B o5 -—\,\ // & 05 r—-\/
—  -l0f -1.0 -/\/\
r X S Y T 20p X S Y T 20r X s Y r
K,PtSe,; [Pmmm] K,PtTe; [Pmmm)] KTiS; [P3m1]
— 20 — AN 20 = — ~7]
7&/ \,— DFT | S —— DFT — DFT
B ---- Wan L5 \ --=-_ Wan L5 ---- Wan
/ \ : : / / = \
- S osp S osr
L )
2 ooke T a0 // N
-’\/ \/ | ——] | /\ \
L m -05 m -05F
s X oy A\ /"\—' o}
/\ ,/\' - ‘/\ /\' N \\ /-/
oy T\ [~ 20
r X s Y T r X S Y T r M K T
K [P4/mmm)] K [P6/mmm)] LiPdH; [P4/mmm]
= 7 =] ) —or] [/ b
i J -=-- Wan L5 ---- Wan 1SE --=- Wan
// \ \ 10 — N\ 10 /\ \
:/ ) \ S 05 '/ / \ \ S 05 / \ / \
L o
LIS- 0.0 US- 0.0
L LIIJ —0s}f ulJ -05 ’V
L —10} —10F
5 -15 -15 -\ /
r X M T 20¢ M K T 2O0r X M
Li;PtH, [Pmmm] LiMnSe; [P3m1] LiMnTe; [P3m1]
y — T 20
/ —— DFT
» /\ ---- Wan L5
A TN RS
/ \\ / \ % % 05 \ \—
/ :\ £ 5 oSN
/ \ | | \
L m m -05 \
- -1.0 -‘\
N Ve A
r X s Y T —20p M K




E—Er (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

LiNbS; [P3m1] LiO, [C2/m] LiO [P-6m2]

. A Y 2.0 T T 2.0

\ —— DFT —— DFT —— DFT
L5r ---- Wan L5r ---- Wan L5r ---- Wan
1.0 N \ \\ 1.0 | 1.0

E—Eg (eV)
—
e
—

E—-Eg (eV)

0.0 ,Z/ N
-05F \\ -0.5 \/ -05F
—1.0 F —-1.0F -1.0

/\ \
-15 \ / -15 — —15F
—20p M K r T x “ r v ¢ M K T
LiTiOS, [P3m1] Mg; [P4/nmm] Mgs [P4/mmm]
20

e T [T R
< N M N g A4

05 -r\/ > =
0.0 [N ~ N S % X % X
N———"|tf V RV ;
-05} m -05f m -05
-0} —10} -0}
-15 /\ \ /\ -15F -5 |
—20p M K T 2O¢ X M T ~2O0r X M r
Mgy [P4/nmm] Mg6 [P4/nmm)] Mn;Sr,Ge; [P4/mmm]
20 — 20 ; — 20 —
- (T DFT "V V§V (CAF DFT T —— DFT 7
L5F -==- Wan L5k N --=-- Wan L5r m ---- Wan J
1.0 1.0 7Y\ 1.0

D

/AN A AN

.0 | / 0.0
—os | \/ —ost \Q/
-1.0 | —-1.0 |
—15}F —-15F
_ A
2.0F 2.0

—~

i S

\\ R
—

E—Er (eV)
E—Er (eV)

-15F
X M r °r X M T 2O0r X M r
MnCly [P4/mmm] MnO; [P-3ml]
2.0 v 2.0
/ / —— DFT —— DFT
1.5 ) L5r ---- Wan
X 1.0

E—Er (eV)
E—Er (eV)

-15
_ NN ol — 4
r X M T 20 M K T 205 M K T
MnSe; [P-4m2] Mo, Tey [P21/m] MoS; [P-3m1]
20 > 20

q
{

—

= ‘ 3
— DFT — DFT — DFT
\ ---- Wan | LS m_/ ---- Wan 7 L5 /\ / ---- Wan
N VI 4 AN o \
. N . w
\
N—"

A\ 74 i AN
\ » Vi

E—Er (eV)

E—EFr (eV)

-1io —1:o / -10
-15 /// -15 N/ﬁé —15}
—20 X v T zors\ XQS /\Y /r —20p M K r



E—Eg (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

Na,PdH; [P4/mmm]

NaF; [P-3m1]

NaOy [P3]

is

A "4 4 T 2.0 2.0
—— DFT —— DFT —— DFT
B /\ --=-- Wan L5 --=-- Wan L5F ---- Wan
/ \\ 10 1.0
: o 05 o o5t
\ / /\ s 8
v/ = PR ey
L —/ @ 05 @ —osf
_——
L -10 \\ -—/f X \
J \ |
F -15 Els
— 20 ! T~
r X M T M K T r
Na [P6/mmm)] »CS; [P-3ml]
;; / = DFT == }DFT
B ---- Wan -==- Wan
/ \ \

E—Er (eV)

/

N

E—-Er (eV)

M K r M K X M
NbS; [P-3m1] NbS; [P-6m2] NbSe; [P-3m1]
— . 2.0 <
—— DFT —— DFT —— DFT
B //-\\/ ---- Wan ---- Wan L5r //-\\/ ---- Wan
AN \ o A\ \
/) N\ SN el ) XN
\/ U:s \/ T u:j " \/
m m -05F
- \/-\ /\ “1o0f
o M K “a T T Y c 20 A M K -
NbSe; [P-6m2] NbTe; [P-3ml] i
—— DFT \ —— DFT |
---- Wan \ -=-- Wan
N\ /N
S— N\
i A =
3 s
b h

/7 /N

r M K r M K r
Ni,;Se; [P4/nmm] i;Tey [P-3ml]
—— DFT — DFT’

B ---- Wan ---- Wan 7
— y ~\ yay/y
I % \/// %
Q& // g :
/ \%\ 4 9(/ 4
S .
r X M r M K T




NiCl, [P-3m1] NiH,0; [P-3m1] NiHO; [P3m1]

E—Eg (eV)

2.0 ALY < 2.0 A 3
—— DFT L —— DFT S —— DFT
---- Wan L5 ---- Wan L5 ---- Wan
10 |/ \Qt 1.0 N
K RN
M\QQ// &:; 0.0 \ / % 0.0 N —
m -05f m 05
O ———— —-10F -10 '/\\ _/\
— _—
| P _EQ = ——— L
==
M K T 2O¢ M K T 200 M K T

Nil, [P-3m1] NiTe, [P-3m1] OsCl,O [Pmmm]

— DFT —— DFT |
et Wan L5 :\ S 15

// L0
/\// 0.5
/] 0.0

E—Er (eV)

~\
~.
|

|
///

E—-Er (eV)

L

PdTe; [P-3ml] 2T€2 [P-3m1] ReN; [P-6m2]

N
£
)
N
28]
:\;ﬁ

—— DFT
--=- Wan

[\

E—Er (eV)

AV

7
W4
LAY
\
AP <

1

74
A
v
&
A

yoor—

.

RhyAs; [P4/nmm]

/C

r Y

o)
o
72}
[
=
=
Bﬁ
5
-
el
o
mZ
¢}
()
K
N =
-

m2]

A\ Y 2.0
/ [\

AN \ f>'

—— DFT
x-_. Wan g 15
\./'//’— 1.0 \ // \

E—Er (eV)

E—EFg (eV)

0.0
-05 \

%
<§</
E—Er (eV) L A
Ve

NPZ N
\

ANEIVA N B\ -4 /]

X M r

=
~
~

X r Y C r
Rh;P; [P4/nmm)]

=
@
]
'
)
2
=

RuAs; [P4/nmm]

77 20
—— DFT
- Wan L5

—
<,
&
L]
3]
)E

0.5

EE
I/

0.0

O\
L

/AN
2
7\

(W

\\ /] \\ o
\ // /%
\/ i

7,

—-1.0
/ =2.0

r r

=
=
-
o
]

X r Y

@]

—
oo



E—Er (eV) E—Er (eV)
| L L
> <

E—Er (eV)

E—Er (eV)

RuCl,0 [Pmmm] SbyTe; [P-3ml] ScyClH; [P-3m1]

2.0 Y 2.0 D~ . 2.0 -
/ — DFT 7 —— DFT - % — DFT
L5 J - _ —=—- Wan N Lsr ---- Wan_| L5F \ === Wan |
P N

7\ o

J
1.0 /\—-\ \ 10
: 1082\ vih
N\

-

—1.0F
/\ s /\
or X B Y r 20
ScoCIN [P-3ml] ¢2Cl, [P-3m1]

A} 2.0 = = ~] 2.0
— DFT —— DFT
-==- Wan 15E -==- Wan = 15
1.0 / 1.0
/ v os] \ /
0.0

A N ]

M K r K

=2
-

/-
S

SiTe; [P-3m1]

N
£ 3)

05 I o 0s5f
0.0 & - o & 00 \_/
: \? |
—05 | m —05f — m -05
-1.0 —10f -1.0 \
-5 -1.5F —-L5 ,,_\/\
-2.0 20 -20

=
=~
-

M K T r M K T
2As; [P-3m1] SnyAs [P-3ml]

BEERA \V/’\\f\\/ EE
S\ \Y [/

w
=]
S
o
o
s
(98]
3
=

(¢

<
p
I
5»

E—Er (eV)

4

E—Er (eV)

7

ol

-1.5
/¥ /\F 20

M K T r M K r M K T
SnyP [P-3ml] Snl; [P4mm)] SnO4P [P-42m)]
20 — 20 20
/\\ \/\ —— DFT \ —— DFT —— DFT
LSy ---- Wan L5 ---- Wan L5r ---- Wan
. / /\ 1.0 1.0
% 05 /_/\\ % 05 \ ﬂ
UF 0.0 UF- 0.0
M -05 / \ m -05}
~1.0 — e ——— ~10}F
-L5 Q % -5
-20 X M T g T YIA T
SroN [P-3m1] Ta;CS, [P-3m1]
2.0 4 = 2.0 L W W
—— DFT L — —— DFT 3
L5 ----Wan LSr ---- Wan
10 ~ —/"\\ 10 \ \
% 05| /_ \ % 05| / /\\\
E 00 E 0.0
IR N\ R w\)
m -05 m -05f
—10} —1.0
—15F -1.5F
L
—20p M K r 720rA M K Ar




DFT
--=-- Wan

_//

A Y

m— DFT

---- Wan
N

N

I\

—— DFT
=" Wan_
N1
T

— DFT
--=- Wan

/

o
K

TaS; [P-6m2]

=
, 7
\_/»

TaTe, [P-Z]’a(ml]
\V4

TiTe, [P-3m1]

M
Ti,PTe; [P-3m1]

—

X

M K
TiH4 [P4/mmm]
N O

N4
NN

1L.5F

15

15

1.0 =
N
r

15k

1.0

o EEES .\_J n_v w9 o o n 9 .\_J S 0 9 S v = »n 9 P <_J S o n 9 .\_J n_u n
o - < < 9 7 79 o o S < 9 7T 79 IR SN ! S < 9 77
(A9) 43 -1 (A9) 49 -4 (A9)49-4 (A9) 49 -4

Wan
\

A}

—— DFT

\ =

" - Wan

N

-2.0

\Y4

A\

/

— l\
/
Y

A _\\\

~
/

/

\

20

TaS; [P-3m1]

/)

r

—— DFT

-=-=- Wan
M K r

TizClez [Pmmn]

; DFT A
TN -~ Wan |
=
r

\— DFT
---- Wan 7

\

K
TaSe, [P-6m2]
Vo

TiSe, [P-3ml]

S
TiCl; [P-3m1]
~—

L
N
N\

Z

N\
™
F'\/\
AV

S e 9 2 v 2 S = =T T T LT s B T s S B B S e e 2 v 2 S = =T = B
- - < < g 7 7 9 - - e s g 7 79 - - < < 5 7 79 - - < < g 37 79 D S
-4 (A9 49 -4 (A9 49 -4 (A9) 49 —-4 (A9) 49 -4

AY \7
—— DFT
--=- Wan

\Va\

A\ Y

/™ \
Y T
—— DFT
---- Wan J
T
—— DFT
-==- Wan
S—

o~
A

FAN
K

TaySe; [P4/mmm]

M

/\

-2.0

/

”}Ailz [P-3m1]
O
—
//

TaSe; [P-3m1]
\ /
Ti;Br,O; [Pmmn]

-

J ;/Z)/ <\

- >§—/\ e, —~—~Wan =
——y
//
TiBr, [P-3ml]
= ONE
AN

7
Y
\

1.5
1.0

2.0

5
.0
r

0
0
—05
~1.0
—15F
20

20

20

15

1.0

05

00
_05 -
—10
—15}F
2.0

20

1

0

0.
_05 -
—10F
—15}F
20

20
15
1.0
05 /
0.0 o
s \
—10}F

(A9) 47 -4 (A9) 47 —4 (A9) 47 —-4 (A9) 47 -4 (A9) 4F -4

r

-2.0 \

—15F



TiZrTe4 [P2/m] T1,Cl,S; [P4/nmm]

TiZrSe4 [P2/m]

= -~ - = - = - n\ -
)\ HIVN I
|7 | i— | 1 K
b ~ F N
\ e - E< :
E ¢ N & N
5 = = ~ T~
mu 4 % el _ & ~ .
F L ” g /v 2 \
oyoyo/&oyoroyoyo/y,n_:,% oposoymy%upoyoymy%
S22 sgegg s § 235238 3ong St sg g g s S22 235238 3ong
(A9 dg—-9 (A9 dg—-4 (A9 3g—-4 (A9 3g—-4
T ~ 7 ~ T /F - o
mm\\ﬁ Wmﬁ 5: ) 5 h Th
FORGE [1- | i <}
1 _/ 1 1
: A | S Q0 2 / 2™ v
\ £ N = < “ 9 )/ -
V2 S W 5 IN
\ xm// Asz N MM\ /
VAA \ - \ S~ -
UAANSS N, oﬂuy\Uymyor oyoyoymsﬁ%oyoyojm,ﬁ%
Stz g2 gz s 5§ 2222 zong - T
(A9 9g—-4 (A9 99 —-4 (A9 99 —-4
-ﬂ ﬁ - [~ , - [~ - -n;
mm\ % .mm:// Af mmm A mm/
vl i \ | | ol
L D B~ H 2/ /
< £ v E v =
NSt Al N
g £ & =
/ 8 =3 8 \ ~ _— n/s
o = = 2 R
N // \ ] \WM
; ! — x ; ; ! ] . L —— D) L
S o2z 2= F 522z S 223335 Ss9s § o288 85S 905 %2283 88 o0og
(A9 g -4 (A9 3g—-4 (A9 g -4 (A9 3g—-4 (A9 3g—-4

21



E—Eg (eV)

E—Er (eV)

E—Er (eV)

E—Er (eV)

Y,Br, [P-3ml]

Y,C,Cl; [C2/m]

Y2C212 [C2/m]

— 20 - 20 — —
—— DFT o —— DFT —— DFT /|
B ---- Wan L5 ---- Wan L5 ---- Wan
/ 1.0 N \ AN 1.0 LA /
Q 2)
R = 00 = 00
L~ o \ \ W 4 ~—
r L @ —osk / @ —os \/\\/
L —10} —-10F
F —15F —15F /\
r M K % T YIA T X T Y [¢
Y,Cl, [P-3ml] Y,I, [P-3m1] ZnO, [P-3m1]
~ 2.0 ~ 2.0
L/ g T = —
B ---- Wan L5 ---- Wan H L5F ---- Wan
\ 7 o \/,/\\/ 7 o
E 0.0 / \ :: 0.0 T/_ e P
L L @ —osF — @ —os|
L 10 -10 r/\
L —15F —15}f \
r M K T 2O¢ M K r r M K r
ZnTe, [P-3m1] Zr,Br,H; [P-3m1] Zr,Br; [P-3ml]
77 2.0 7 = Y -— 2.0 va  W—
\/\/ — DFT = \— DFT A N~ —— DFT |
I ---- Wan | L5 / ---- Wan L5 ---- Wan
N\ 77 . b, O\ U
L \\\\ / / S 05 ;// \ \ S 05 F—~— )
\ 2 — N3 %
g 00 g 00
L \ k Lrl-l -05 -k LIIJ —05}
- -0} -0}
\/ —
L —\ —15}F —15F
r M K T 2r M K r 0 M /_K T
Zr,Cl,H; [P-3ml] Zr,Cly [P-3m1] Zr,Ge;Se; [P4/nmm]
~ < 2.0 T~ 2.0 T
DFT —— DFT o | — DFTE
B --=- Wan 15 ---- Wan 15 /_i---- Wan
| "\, \ 1.0 / % 1.0 Y Vv
% \’\ks 0'5_/\/ / \3 o.s/\/ \/\
~ \ AL 'i/\ A2 f\
\ / |2 Lt R
| I
- m -05 m -05
- -1.0F -1
-/\ _/\ -15F -5k //
r M K T 20r M K T 2r X M r
Zr,Ge;Tey [P4/nmm] Zr,PTe; [P-3ml] Zr,Se;Si; [P4/nmm]
A} N 20 AY o =y’
' — brr — prr/
» /‘?——-- Wan | 15 r -=-- Wan N
/ vyi/‘-'\ 10 /-
= o \{/\ \V4
\ A 1E ., g A
"4 & o
o -15
\\4\ & 20 / s
r X M T r M K T T X M r



E—Er (eV)

ZiNS, [P3m1]

ZrTe; [P-3ml]

Zr>Si;Te, [P4/nmm)]

23

S RV S
Q’( /an\\ 10 \\im/ 1.0 /\ W‘in\

\/ 74 N

\ \,% 0.0 /v \’\/\% 0.0 \X, /]
M\ é o \/ AN '\ /]



Supplementary Sec. 5. Fully relativistic electronic structures of 216 monolayer insulators
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