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Ferromagnetic (FM) Anti-ferromagnetic (AFM)

Fig. S1. Schematic diagrams for (a) ferromagnetic and (b) anti-ferromagnetic configurations for

CeF2 and CeFCI monolayers.

Fig. S2. The ferromagnetic  super-exchange interaction according to the

Goodenough-Kanamori-Anderson (GKA) rule.

Anti-ferromagnetic 2 (AFM-2)

Fig. S3. Schematic diagrams for (a) ferromagnetic, (b) anti-ferromagnetic 1 (AFM-1), and (c)

anti-ferromagnetic 2 (AFM-2) configurations for CeF, and CeFCI monolayers.
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Fig. S4. The orbital-projected crystal orbital Hamilton population (PCOHP) for CeFCI monolayer

under biaxial strain from -5 % to 5 %.
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Fig. S5. Band alignments of CeFCI monolayer under biaxial strain from -5 % to 5 %, the vacuum
level is set as 0 eV.

Calculation details for next-nearest magnetic exchange parameters J,
For both CeF> and CeFCI monolayers, each Ce ion has 3 nearest Ce ions and 3 next-nearest

Ce ions, the spin-Hamiltonian including nearest neighboring (NN) and next-nearest neighboring

(NNN) magnetic exchange parameters J, and J, is described as:

H=->JMM,-> MM, @

ij k.l
where J, and J, are NN and NNN magnetic exchange parameter respectively, M is the net

magnetic moment of Ce ions, (i, j) and (k,1) stand for the NN and NNN pairs of Ce ions. For

FM, AFM-1, and AFM-2 states as shown in Figs. S3, in the 3x2x1 supercell, the

spin-Hamiltonian can be written as:

E., =—-18J,M?-18J,M? )
Epry.y =6J,M?+6J,M? (3)
Eprn, =2J,M?+6J,M? 4)

Both J, and J, are calculated via the energy differences between the FM and AFM-1 (AFM-2)

states inthe 3x2x1 supercell as:

J, = E sem Zl\_AfAFM -2 (5)



E, v ,—E
J, = AFI\2/I41M2 FM -, (6)

The second-order perturbation theory including spin-orbital coupling (SOC)

According to the second-order perturbation theory, interactions from spin-orbit coupling (SOC)

can be regard as perturbation, thus the Hamiltonian including SOC is,

<n|S-Lim>
H:H(O)+/122| El(o)_lE(o) | (7

m=#n n

where A is the SOC constant, S and L are the spin momentum operator and orbital

momentum operator, respectively, |[n> and |m > represent the eigenstates of the Hamiltonian

quantum states, E(® and E”denote their eigenvalues, respectively. When spin-up (| T >) and

spin-down (| | >) states are considered, the corresponding energy from the SOC interaction? is:
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For |[<T n|§-I_A|’l“m>|2 and |<~Ln|§-|_A|J,m>|2, the S-L term can be written as Sz-Lz, the
eigenvalue of Sz s il % while the eigenvalue of Lz depends on magnetic quantum number

for |m > quantum states?:
LzY," =mY," 9)
For |<T n|§-I_A|¢m>|2 and |<¢n|S-LA|Tm>|2, the S-L term is different from mentioned

before and can be written as %(St- LA_+ SA_- L,), the SA+ , S, I_A+ and I_A_ are ladder operators

which can be denotes as*:
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their eigenvalues can be expressed by the following formula?:



S [M=0, S N>=/1>, S M>=l>, S [>=0 (12)

LY, = AT m)( £m+ 1y, (13)

Since all the Ce-4f orbits can be expressed by spherical harmonic function as shown in Table. S13,

taking equations (9-13) into the equation (8), we can get matrix elements <n|§-LA|m> as

shown in the following Tables S2.

Table. S1. The angular quantum number, magnetic quantum number, and corresponding orbits

expressed by spherical harmonic function.

1 m Orbits
3 My A=iI2 [Y;3(0,0) + Y2 (0,0)]
2 Az =112 [Y52(0,0) — Y2 (0,0)]
1 4,2 =112 [Y;1(0,0) + Y20, )]
3 0 4= Y2 (0,9)
1 452 =12 [Y;1(0,0) - Y20, 0)]
5 4622 = U2 [Y;2(0,0) + YZ(0,)]

3 4P = 12 [Y;3(0,0) — Y3(0,9)]




Table. S2. Matrix elements <n| S |_A|m > of the spin-orbit coupling operator, the directional unit

vector n represent the direction of the spin state, |n|=+/x*+y®+2°, where x, y and z are

directional cosines.

‘Tn fy(3><2—y2)> |Ta fxyz> |Ta fy22> |T9 fz3> |Ta fx22> |T9 fz(xz—y2)> |T: fx(x2—3y2)>

11, fyaxyH> 0 0 0 0 0 0 1.5 (3iz)
11, fuyz> 0 0 0 0 0 i (2i2) 0
1, fy>> 0 0 0 0 0.5i (iz) 0 0
1, 2> 0 0 0 0 0 0 0
11, fi>> 0 0 -0.5i (-i2) 0 0 0 0
1, fayD> 0 -i (-2i2) 0 0 0 0 0
11, fxolayD> -1.5i (-3iz) 0 0 0 0 0 0

|l’ fy(3x2—y2)> |l, fxyz> |l, fy22> |l, f23> Hu fx22> |l, fz(xz—y2)> |l1 fx(x2—3y2)>

L, fyalyd> 0 0 0 0 0 0 1.5i (-3iz)
L) fryz> 0 0 0 0 0 i (-2iz) 0
I, fy?> 0 0 0 0 0.5i (-iz) 0 0
I, > 0 0 0 0 0 0 0
[ 0 0 -0.5i (iz) 0 0 0 0
1L, foly?y> 0 -i (2i2) 0 0 0 0 0

11, fxoay®y™> -1.5i (3i2) 0 0 0 0 0 0




I, fY(3X2-y2)> I, fryz> I, fy22> [, > I f?> | fz(xz-yz)> Il fx(x2-3y2)>

11, fyalyH> 0 N 0 0 0 J6ix/2 0
1, fxyz> -G iy2 0 Jioy/2 0 IO iX/2 0 J6 ix/2
|1, 2> 0 -J1oy/2 0 J6ix 0 - J10iX/2 0
1, 2> 0 0 J6 ix 0 J6 iy 0 0
1, fx>> 0 -0 ix/2 0 Jeiy 0 Joiyr2 0
11, f264%> -6 ix/2 0 Jioix/2 0 -Jioiy/i2 0 J6 iyi2
11, fxo-ay’)> 0 -J6 ix/2 0 0 0 -J6 iy/2 0

‘Ta fy(3x2—y2)> |Ta fxyz> |Ta fy22> |T> f23> |Ta fx22> |T> fz(xz—y2)> |Ta fx(x2—3y2)>

1, fy@ayd> 0 Jeiyl2 0 0 0 J6ix/2 0
L, fxyz> Jeiyl2 0 Jioyl2 0 Jioix/2 0 B ix/2
. 2> 0 Jioy/2 0 Jix 0 Jioix/2 0
1, %> 0 0 N 0 N 0 0
1, fi?> 0 Jioix/2 0 Jeiy 0 Joiyr2 0
], f2pdyD> J6 ix/2 0 JIoix/2 0 Jioiy/2 0 -6 iy/2
1, fxpl-ay?y> 0 J6 ix/2 0 0 0 J6 iy/2 0
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