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Fig. 1. (a) Top view of atomic structure diagram of Crly
monolayer (three different adsorption sites are represented
by black dashed circle); (b) side view of atomic structure
diagram of Crl; monolayer (three different adsorption sites
are shown with red balls in the top picture, and the optimized
site of adsorption atom is shown with red ball in the bot-

tom picture); (c) four different magnetic configurations.
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Fig. 2. (a) Energy density of states (red solid line for Cr-d projected density of states, blue solid line for I-p projected density of

states) and (b) band structure (red solid line for spin up, blue dashed line for spin down) of perfect Crl; monolayer.
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Table 1.  Energies (E) of the optimized Crl; mono-
layer with various atoms adsorbed at different sites.

i Epy/eV Epymo/eV Epyis/eV
Li -32.147 -31.308 -32.152
K 31.411 30.634 31.430

Mg -32.156 -31.267 -32.173
Ti 35.245 35.472
\% -35.293 -34.067 -36.513

Mn 36.923 35.369 36.937
Fe —-31.450 —-33.560 -34.959
Co 30.225 31.895 33.242
Ni —29.182 -30.606 -31.603
N 31.274 32.801 33.337
P —-31.362 -31.664 —-31.798
) 32.233 33.183 33.240
S -30.657 -30.155 -30.887
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Table 2.  Energy (F ) and local magnetic moments (Mc,)
of Crl; monolayer adsorbed by alkali (alkaline earth) met-

al atoms.
fres E/meV Moy
Rk ER/374
Li 0 59 (4, 3)
K 0 52 (4, 3)
Mg 0 6 (4, 4)
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Fig. 3. Band structure of the Crl; monolayer adsorbed by alkali (alkali earth) metal atoms (red solid line for spin up, blue dashed

line for spin down).
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Fig. 4. Projected density of states (PDOS) of Cr atoms in
Crl; monolayer adsorbed by alkali (alkali earth) metal

atoms.

3.3 TEEEERETFWRME CrI; RERE
T FnwE R

B () 4 JE T W R %) &5 SR ARG ] B 4
ORIV T Ry 5 S5 4 R T (T, V,
Mn, Fe, Co, Ni) WX Crl; 52 M B2, %5
R B I 4B T R d BILE (R SR, AT
FRER T GGA + UM kA B I 48 D 7
() 3d L, Frik HEA R UMES R 3.0eV. AT
HEBR U (82 O 2518 18 i sz m, FR A1 43 31 b 4%
T U=3.0,4.0, 5.0, 6.0 eV I} Crl; BBJZ1EW 5
P ¥ 4 B R F IS BB B, RIUARE U (A
(T EL5 A AR, PR FRAT I S S5 it
JIT A B 3k U 4 S JE BRI 3.0 eV AR U1H.
2 1(c) Bis i 4 FhRgAa B, AT T R A ad
P4 @ JE T WM R B Crly B2 O fe i, 45 51 %)
F 4% 3. WATH LS KB, Ti A Mn J2 7 W5
Crl; "2 A9 Type I A1 Type IV ##4RY i & A [H]
PHET Type 1l Type MEFHL. V JRFIK 5
[y Crly B2 EESHEF LA Type 1, 1fi Fe, Co,
Ni TS Crly B2 LA #EF RN Type I
H AT LA, T F0 Mn 55 S CrL, B2 M

ARAE Cr-Cr 810 7 56 748 h RUERTE Y, V, Fe, Co,
Ni J5F 0 BN B2 S5 1 Cr-Cr ERRE Y. 384 b
BACACE 1 Ak w5, FRATTA B Ti A Mn W Ff 2
J& Crls I &S 5 500y o8 7.32 AR 7.25 A, e
KF5E3 Crly [ FbAE H 4 7.08 A, FEFHKF V,
Fe, Co, Ni JE IR Crly (MR (V: 7.21 A,
Fe: 7.19 A, Co: 7.16 A, Ni: 7.12 A). &% 80m
BRI ST Cr—1—Cr A IRE 90°, £ 5
J& Tifl Mn J& 7, Bt Ti f1 Mn 5 W B £
Crly HUZ KA T IR ) SR G 5475

3 AIERIRE TR Crl, ¥R (F)
A Cr 1R (Mc,)
Table 3. Energy (F ) and local magnetic moments

(Mg,) of Crl; monolayer adsorbed by transition metal

atoms.
E/meV
J5F Mey/up
Type I Type I Type ll  Type IV

Ti 570 0 12 0 (4, -4)
% 0 22 30 22 (4, 4)
Mn 37 0 38 0 (4, 4)
Fe 40 14 0 14 (4, 4)
Co 41 40 0 35 (4, 4)
Ni 67 38 0 38 (4, 4)
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St A8 Mg JE WGBSR RL. 2 NS
) Cr JEFEF 2R 1Y ey RO CA SN GRS, Ptk
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Fig. 5. Band structure of the Crl; monolayer adsorbed by alkali (alkali earth) metal atoms (red solid line for spin up, blue dashed

line for spin down).
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Fig. 6. Projected density of states (PDOS) of Cr atoms in

Crl3 monolayer adsorbed by transition metal atoms.
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Fig. 7. Band structure of the Crl; monolayer adsorbed by non-metal atoms (red solid line for spin up, blue dashed line for spin

down).

T (N, P, O, S) Bymefff. iz, FoA1 Ak mAE4
JB IR R LA P, — S i Ak 51,
N 1S Ji+; 5 —JSEToREFE R P A1 O i+ [Hit,
XF P ALO JAF, FATHHET Type I Fl Type 1T
PURNEAL. 4 FhaE 4 JE Bty Crls B2 R GRS
BRI RE RS T 4. NE 4 RE, N, P fil O JiF
W B 5 B A REAS B34 R Type .1 S JR—F-
[ Crly P2 IS REA R R Type M. 4 FhEE)R
Ji W BRI ) Ly B2 18 Sl /s R G A4 B 1) fig 1 A1
T IR RRG Y.

F 4 ESEETRMER Cl BZ MR (B )

Cr JE Ry ERE (Mc,)
Table 4. Energy (E ) and local magnetic moments (M)

of Crl; monolayer adsorbed by non-metal atoms.
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Fig. 8. Projected density of states (PDOS) of Cr atoms in
Crl3 monolayer adsorbed by non-metal atoms.
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Abstract

Recent experimental discovery of intrinsic ferromagnetism (FM) in chromium triiodide (Crl;) monolayer
opens a new way to low-dimensional spintronics. Two-dimensional (2D) Crl; monolayer is of great significance
for its magnetic and electronic properties. Generally, surface atomic adsorption is an effective way to modify the
physical properties of layered magnetic materials. Here in this work, we use the first-principles method based on
density functional theory (DFT) to systematically study the electronic structure and magnetic properties of 2D
Crl; monolayers that have adsorbed other metal atoms (specifically, alkali (alkaline earth) metal (Li, K and
Mg), transition metal (Ti, V, Mn, Fe, Co and Ni) and non-metal (N, P, O and S) atoms). Our results show that
the metal atoms tend to be adsorbed in the center of the ring formed by the six I atoms and stay at the same
height as Cr atoms, while the positions of the optimized non-metal atoms are in the ring formed by the six I
atoms and depend on the type of the atoms. The adsorption of atoms (except for Ti and Mn atoms) does not
change the intrinsic ferromagnetic semiconducting properties of Crl; monolayer. The Crl; monolayers with Ti or
Mn adsorption are antiferromagnetic semiconductors. Moreover, we find that the adsorption of different atoms
regulates the local magnetic moments of Cr atoms. The adsorption of metal atoms increases the local magnetic
moments of Cr atoms, but not exceeding 4up. However, the adsorption of non-metallic atoms makes the local
magnetic moments of Cr atoms diversified. The adsorption of O and N atoms retain the local magnetic moment
of Cr atoms, while the adsorption of P and S atoms increase the local magnetic moment. By combining the
projected density of states, we analyze in detail the local magnetic moments of Cr atoms. The increase of the
local magnetic moments of Cr atoms is directly related to the charges transferring. Our results provide new
ideas for regulating the performance of the magnetism of 2D intrinsic ferromagnetic semiconductor Crls, which

will have potential applications in the spintronics in the future.

Keywords: atomic adsorption, first principles, two-dimensional Crl; monolayer, electronic structures and
magnetic properties
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