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KRRz R EE T A OB RE 38 07 2 % 7 TM@Cu,,N;, (TM = Mn,, Fe, Co, Ni, Cu, Ru, Rh, Pd,
Ir, Pt) &5 Mt M . e B 45 m Pk AR EAT T R HETF5E . KB T TM-—Cu M Cu—N #9 H BE,
AEEE LSBT (TM) 8B4 . H{K CuysNy, (ICO) HRE R H O R F 1T LI 808 = TM@Cuyo Ny, B e P
N ST AAE Cu HIHE R E B 3255, BRI TM 82424 300 3% T Cu 3% 9 38 B BE R 3R 885 ; 3d 5 7
48 2= (8 R M R M AR 30 1E— 20 3R TF, 4d, 5d IR F 93544 B0 2 5 AR BLIE R A0 B B AR, {3 Rh A Pt R
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WATHLS IS, KB Cu-N JEF-[E) p-d FliB 421k
LT RN FE R AL N, Cu iR E 4
A6 B 7 AR Y WL B A 4045 RO R B R R Y
CuJRFr=A T Blektt. W Cu B, Cu i T
RN 3d A 7C)Z A A (3d104s!), HARA RLE
A AEREVERFE, Cu PR R 1 R Sg o 2 947
¥R, TEB A Fe, V, Pt &4 G 7T 5065
FEMBARE RO, HRERHEA BT KB iR
AN 2= D Cu R B AR = B
SR BT DA S RN ES SR, Datta 55 19 X4
1k Cu MRS AT RIS, WEMD T LA EAE AR, JF1E
HRTE Cu BIEANZ A Cu i Ein—A4> N i
TR A A e e A B ELXE T 5050 | e
Bo N Cuyy I, A #4514
AT EAR, ESEAHRIUZEH (buckled bi-
planar, BBP) 19 Cu,5 WA LIG H 2 IE AR E 1
“ 1A SE (icosahedron, ICO), HREH H JFk 1Y
Tug Y82 29up, FIH B @R

H AT e A g i B s e Y IR A L B
TG ABONE ) 7 A S R D B AT P R e Pk AT
Ry att—2% EAA A E 2 A AR e ) A T A, FR
fiTi# # TM@Cu;,N;, (TM = Mn, Fe, Co, Ni,
Cu, Ru, Rh, Pd, Tr, Pt) 20 &2 — 1 {4 A 5% 4%
), % HAS e PR AR MR T AR A T Ee I Y, Fe R AN
[FI42 4% 6 L s i i 3L, PR R G
WERHE G A7 | AN A B ey 45 ) D) e Ak
N [, B Cu 824 GaN 7= A H i AR AR
MR A Cu-N HIFEREERTFE Al - R 2 DMS /Y
W, E—2 R %2 DMS g M 5 i PR A

2 WHEI®

ARATW LI P AR T Bz pR e,
FH VASP 84 58 i L2840 DCHRIZ PRBEHU™
SCBREVT LR B Perdew-Burke-Ernzerhof (GGA-
PBE) pR%L, J W FH 4% 52 28 0 ~F- 11 % (projector-
augmented wave, PAW) 77 i£4b 3 Kohn-Sham J5
2. B Cu/TM JEF 10 3d Fl 4s B F LA & N JEF
1) 2s, 2p AR R L FE TR 7RI R
HIFRAEFPRIGAE T 15 A x 15 A x 15 AfiEH
Hh DUBA D55 R <08 Jer B ) 7 A E AR AT 28T
[F) i B KA R A BL UK DX DR S (0 8, P T8 30
Wr e 2L H 600 eV. b FH LB E I L (conjugate

gradient) 7EAN 2 FROGFR P 0155 0 T XoF A 78 490 43
SR TRAL, U E R ISR IE 10 eV, TS
FIU SR e (EDIFFG) # 8 0-0.005 eV/A. 115
it AR R W K[ e B E B8 A 1 (spin-orbit
coupling, SOC) X Z5FIREME I R2 M, 43l AT T4
PEFIAELRPE L VE TS, F GGA kit
YT S ITA T RER I IEL R, B ekl
SE ST 09 A BERGE. TEMCELEN b B LY
T RSUE S5 H 8 E AN B, #E 1T SOC 115, 454 B4
WRREFER T AR E N &, y, 2, = DAFEBITI, L)
B 2 AN [R) 45 K4 EL AT PR R 45 o) S R G 45 ) S 1
(magnetic anisotropy energy, MAE).

% JE 3] TM@Cu;yNpy (TM = Mn, Fe, Co,
Ni, Cu, Ru, Rh, Pd, Ir, Pt) /& & & & #5981
d B PR AE SCAE FHG 4d, 5d J5F, AT EC
FHEAER U AT, ASCHRRIFEFRAN U (Uyy)
{8 LDAUU 5 LDAUJ #24H (U = LDAUU -
LDAUJ), H¥HA = JE TR A1) Ug (8
FbRUE. 454 3k, BLE 1S Ml Fel'l Co A
K RhUS B - = J5 - P A e AR 4 L2 A FLE A e
WEFE R AR MR LR, AT B ek UME 5518 0,
2.5, 1.0, 0.7 eV. ok, TATESE UE N 0.5, 1.0,
1.5, 2.0, 2.5, 3.0, 4.0 &% 5.0 eV 43 % /E F F Ni,
Cu, Ru, Pd, Ir, Pt + = J5FHIFE R R Z5H 3517
Ude T8 0 338 (3 UL 40 78 41 BL). 76 IE LA Cuyg M1
Ruys HEIHEAT UL, 1B 0 TE REE, RATZ R T
Cuys M1 BBP (763X B Ry Cuyg FIFES LR, il
A GS), ICO LA K AUZ fiif 57 77 (double simple
cubic, DSC) #l 57 J5 % Hf (cubic-closed packed,
CCP) 25ty pyFa e v [ iers A8 k. i 1 fr
N, E UMHIRE] 2.5 eV i, HIELZS BBP 5 #4945 ]
PrRr A e RS, MAEARTER) UE T, L5458 1H
ZARFE Cuyy BIFEREA B Lup BEXE, FTLARRA TR
PEH Uy = 2.5 eV AEN Cu HFER UHE. FIFE, 1
JB 2R T, Ruys ERE 430025 1 T rlRE H BE Y
DSC(GS), BBP LI} ICO 45#y, Hirf2Y U {E ik
2.5 eV I AT RS 25 R e 2, 3RS 1Y
WEFEAE Uy = 1.0 eV Z S B 52, s AT
H, I Ru BIFER UMEEN 1.0 eV. RIS,
A14533 T Ni, Cu, Ru, Pd, Ir, Pt + =5 7715
B UES910 2.0, 2.5, 1.0, 2.0, 1.0, 0.5 eV. 7EU
BLAl B XA BE T GGA + UM GGA + U +
SOC 4.
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Fig. 1. Using GGA + U method to calculate the relative stability and total spin magnetic moment of Cu;3 and Ru;z clusters with

different initial structures under different U values.

3 #XR5i%®

3.1 TM@Cu12N12 (TM = Mn, Fe, CO,
Ni, Cu, Ru, Rh, Pd, Ir, Pt) A% #J
YRGETAPSE =V 3

H il B A7 P58 £ 4l Cuyy AR R E S L
BBP 54 1419201 ZXf A R A Ak, A hiEa
FE ¥4 B 25 AR B AR Ak ) Datta 45 19 £ X
Cuy3Ny, H 8 25 K Cuyg 19 W) U6 45 4 152 8 R
HBL, ICO LA} BBP, 4354 i N JE 73425
BT a AL, G55 R B, DL ICO 45491
Cuys HIREVE A N 2 H CusNy, HA H IR E
PE. FERCIERE I FRATR A CuygNy, HIRER 11
by, S H PO FHTTHERSE K,
TM@CusN (TM = Mn, Fe, Co, Ni, Cu, Ru,
Rh, Pd, Ir, Pt) AI#% N &0 48 5 SR 47
R mARR AL, B R AN, T AR R T Y
124~ Cu 5T 124 N B4 @35, e 2 B
. X FIREEMIIEAT GGA + UML), RILE
Ak 3k A e 2 A A2 A g TR AS A 1 ] s G e
S RFEMR (B n@Cu,Ny, 51, BTA A3 R

JeIT I, SRR O RN O, sSHEEEH). /E M
SRR TR R ZEE, R M o R S e T R )
L 1R TSl Cuys BIFEAEN R 11 1A
W EE G RE (B,) MAbFa 0 (hy), HA o0l
MR

By = [12E (Cu) + 12E (N) + E (TM)

— E(TM@Cu12N12)]/25, (1)
25 occ

ha =3 Y wihel] (kl=sp,d),  (2)
I=11i=1

Hi = hsp + hea + hpd. (3)

s

\®

© Cu atom
® N atom
¢ TM atom

CusNi2

TM@Cui12N12

Kl 2 CupNyy Al TM@Cu;5N;o(TM = Mn, Fe, Co, Ni, Ru,
Rh, Pd, Ir, Pt) FI#£ 45+ &

Fig. 2. The geometry structures of Cu;3N;, and TM@
CupNypy (TM = Mn, Fe, Co, Ni, Ru, Rh, Pd, Ir, Pt) clusters.
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# 1 Cus U & TM@Cu,N,, F #% 1Y 45 & fie
(B,) FZefeta®l (Hy)
Table 1. The binding energies and hybridization

index of Cuy3 and TM@Cu,;,N, clusters.

Binding energy ~ Hybridization index

Clusters E,/eV-atom | by ha oy Hu
Cuyg 1.50 0.06 0.21 0.14 0.40
Mn@Cu;,Ny, 1.58 0.09 0.20 0.15 0.43
Fe@CuoNyy 1.58 0.12 0.21 0.17 0.50
Co@Cuy5Nyy 1.62 0.10 0.19 0.16 0.45
Ni@CuyyNy, 1.63 0.17 0.27 0.24 0.68
Cuy3Nyy 1.56 0.12 0.20 0.19 0.51
Ru@CuyNy, 1.64 0.25 0.29 0.26 0.80
Rh@CusNyy 1.67 0.21 0.28 0.25 0.74
Pd@CuypNy, 1.60 0.16 0.25 0.23 0.65
Ir@CuysNy 1.70 0.22 0.30 0.23 0.75
Pt@CuoNy 1.69 0.21 0.26 0.23 0.70

R (1) HF Y E (Cu), E(N), E(TM) A
E (TM@CuyyNyy) 70 313R Cu i+, NJEF, iof
4RI TM iRE LK TM@Cu N, HHER
BRE; @Rk I E R s p, dBLIE
D (WD) RAR LU T A, 7e4 i T 3R E
242N, 5 i) Kohn-Sham #iEYE s, p, d BRIEf]
W B RUME 2, N 1 BT, TEARE
HfgEr, VR ERTAIAG Cuy s BISFEE SR
L.5 eV /atom W&/NEIZEGRE, A BIFE Y
/M BEAE, FRATTAT XoF A R 2854 v AR ) SR [l 41
HLF AR s, p, d B Z4RE L BT T sp,
sd DA pd BB 2R EOT5, JRR o2 Bl
FHC A, 153 AR FIS5 S B 2248 8 1o 22, 1
ZERBITE Cuys HIFER M T N 5702048 5

3 0.9

T (a) —*— Hiol

~

% R *\a— d(Cu-N) |
E A\/ .

‘; 0.7 ‘< A \ *
S /& *

ge

2 i
B N

el

£ 05 **\ A/\/

E * / YO
ER X
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E 03
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e i ELAE A s M I A

([0 8N eS NI = B IS g i R 65 i Nt D
Az %8l Cuyg HFET &, JE [ H it Cu—Cu 2,
H7E TM@Cuy5Ny (TM = Mn, Fe, Co, Ni, Cu,
Ru, Rh, Pd, Ir, Pt) H, & Cu—Cu ##4F, AT
K Cu—N #, Hifsr Cu—Cu g TM—Cu 4
FITHUR. XoF F gt i) oA [l RIS SR Bt v 7 Y K
AR B AR AL AT LI ) Cu—N 8 7=
TR S5 AR E R R WE 3(a) Ui, H
) AR RS Cu—N K 2 58 £ A E, Bl
# Cu—N BRI, Z4bfe g i s, HiRi
SETEREGR . FRATLL Cuy A1 CuN SRR () e 5 Bl
g 9 S 18 BH I AN ) B & 3(b) HR AR A T
Cu, 1 CuN KW m 2 5 HE (HOMO) Al
AR R E#HE (LUMO) B, AMER H, Cuy i
HOMO F1 LUMO J& 4351l (1 4> dz2 FTP A~ s i
THIETE R S EEE . CuN IR R HOMO #
HEREM NJEFH p, M CuliF 1 s HLEIE B H
o BEEHE, LUMO %N N T/ p, fil Cu Ji
T s PUBETE N o EERIUE. M2 T, T3
A BUEE 2 (450 B T m AR e V. Ak,
O JETF AR 2 I 4 TR B, 384 Cu—Cu Sk
By TM—Cu 8, HAE A 4 X7 TAS A ) 2R 4K
ZEARERIT A T, B S AR Rk
., Cu—Cu ZRAR MR e M 22, HE AR E 1Y
TM—Cu 8 Cu—Cu g8t ] fe 25 04 19 o 2 P
A g, AMERLL N 57 55 X 25 4 iE 47 B A

< O

<=

t TN :

g C@DE_@J 9

: _

L Cup-HOMO Cup-LUMO

)

o0

]

3 b =

> § 4 N

] =

: >

g _
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(a) TM@CuyyNy, B A b a5 Cu—N #K 56 K (b) Cuy M CuN % & HOMO, LUMO [

Fig. 3. (a) The relationship between total hybridization index of TM@Cu;,N;, and Cu—N average bond length in clusters; (b) the

HOMO and LUMO of Cu, and CuN dimers.
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Fig. 4. The average binding energy of Cu-TM (TM = Mn,
Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt) dimers.
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Ni, Ru, Rh, Pd, Ir, Pt) H 5 i &5, H A& 5
N JEF 2 [81F1 5 2 A Y Cu R 22 [ 4716 A TR
TR B 0 SR A A RS, S0 AT F i JE AR AT T X

4.6

b _—-m
( n) e

< 44} T

~
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2

3 42¢ 8- N-N

2 *— Cu-N

el

é 4.0

8 ° L ] L L e

< 3.8¢t

Co Ni Fe CuMnRu Rh Pd Ir Pt
™

(a) Cu—Cu, Cu—TM(TM = Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt) ##{; (b) £5# %1 N—N, N—Cu J& ] #E

Fig. 5. (a) Bond lengths of Cu—Cu, Cu—TM (TM = Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt); (b) atomic distance of N—N, N—Cu

on cluster surface.
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™

B 6 (a) TM@Cu;oNyo HRR R REH; (b) B N ES Cu—N F 354K
Fig. 6. Total magnetic moments (a) and average Cu—N bond lengths (b) of TM@Cu;,N;; clusters.

Ir@Cu; 2Ny,

Pt@CUuNlQ

Rh@Cu2N

Pd@CuisNip

Kl 7 TM@Cu;,N,, BIHE A R EEE (isosurfaces level = 0.024)
Fig. 7. The plot of spin density isosurfaces of TM@Cu,;5N;, clusters (the isosurfaces level set as 0.024).

AR S5, R Cu—N EAY AR b B G
. E 6(b) 4 T AR Co-N K,
W AR, 5 ARG AR AL 2 B W OE AR G, H Y
Cu—N #K/NT 1.78 A(CuysNy, HIFERFH Cu—
N H) B, P P9 oh B R A, 1 i s 4]
e ERRERE . BAR R — AR g i, kg
AEEHMAERA B/ Co—N 8K W Cu li+H1
N JEF F. T Cu—N 8K 5 I gk 2 [0 1 ¢
R, WL BN o AR A,
DR A A = <N 7 N [ R A O 7 Nl )
Ni@Cu, Ny, Ru@CuypNyy Fl Rh@Cuy,N,, 5
(AN A e % B B ol LUE Al B 1A, 41
3N RBREAS ) N JEF) o s 5 kg 2 1)
MR MUABEIA. X FR—A R, o TM R+

5w 2 44 CuR M5 Cu i FHHER 4 1
N JFEF e —1 9 i, fER N BIE el 15
AR 9 RO, B =ASARRI L TR
BPRAER (the electron localization function, ELF) 1]
F, GERANIE 8 k. MR ELF 5 CAlHl, ELF Y
BUE— oA e 0 F 1 2Z 8], sl ERFE R e 4
B (B UL AL TE R ) RN oE A R 3, B(E
0.5 MR IR BLALTE W T 250 T HL S HL - X 43
i (the electron-gas-like pair probabilities)??=24.
WEl, e Cu—N g N A — i F1 Cu,
N 5 Z [A] ) He -2 B T Ak 2] 1.00, R LAL T
B 5 B SRk, X 5 HAth Cu—N B 1 L ) fE g 4
AR 2R 548, H Bader HLfT 0T (36 2) 1]
ML ity Cu i+ EE 4 m N R 58,
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B 8 Ni@Cu;Ny(al) (a3), Ru@Cu;sN5(b1) (b3) K Rh@Cuy,Nyo(cl) (c3) HFE 25 F Fn ELF &
Fig. 8. The plot of structures and ELF for Ni@Cu,,N;5 (al)-(a3), Ru@Cu,N;, (b1)-(b3) and Rh@Cu 3Ny (¢1)—(c3) clusters.
# 2  TM@Cu,Ny, HIFERE T Bader HLfr oA AR 4 Ry Sl i

Table 2.  The excess Bader charge and local magnetic moments of atoms in TM@Cu,,N;, clusters.

Bader charge/e

Local magnetic moments/up

Cluters
™ Cu N ™ Cu N

Mn@Cuy Ny 0.29 0.25 -0.27 3.49 0.39 1.50
Fe@CuyNyy 0.09 0.27 -0.28 2.73 0.31 1.44
Co@Cuy5Nyy -0.15 0.29 -0.28 1.69 0.39 1.49
Ni@CuypNyy —0.33 0.31 -0.28 0.10 0.27 1.40

Cuy3Ny, -0.19 0.30 -0.28 0.05 0.29 1.43
Ru@CuyNyy —0.59 0.35 -0.30 0.29 0.27 1.33
Rh@Cu3Ny -0.64 0.35 -0.30 0.09 0.31 1.42
Pd@CuyyNy, —0.62 0.33 -0.28 0.03 0.29 1.41
Ir@CuyNy -0.94 0.37 -0.29 0.14 0.30 1.34
Pt@CupNyy -0.92 0.36 -0.29 0.10 0.31 1.41

%t F Ni@CuyoN o, Ru@Cu;oNy, Al Rh@CupoN s
AR 5, #6843 Cu, N JFF 22 [0 L BB 8 1 f 7
Jay ATk, X LA Cu—N KA HAD Cu— N 4
Pz, N SCEA B i He B, S0fd Fe - X R
i [ FHEE N JEF-— 0, SEmfE N _EAS 5 g
T Cu—N 1 7 — Mm%, ELF B3N

$a, 3 B N B R0 A B AN [ T A NJRCT
SEECA DT L.

% 2 50 T4 AR Y ST F ) Bader HLT
oA AR, BEFZEF L TM SR B 5P
BT GR, Cu ST L B A B0 S B T 2
. —J7H, 52 N Rl TR e s
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TM JFF 4 Mn, Fe Af 2 32 I35 43 1 faf £ Cu 5
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) N A B/ )N, AH IFAN 52 e 0T 1A 2 i
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B EEU R R ol = 8 S R 51 (AP N v A i 3
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FEAK, HABEM T d A0 Bl re B B B 3 K, fig
PR S, T8 Cu R T REVE AN ). BLAb,
TM 5 Cu J&F Z A48 ZAEFER S5 1 d-d PLiE 44
fb.. MW fE TM = Ru, Rh, Pd, Ir, Pt iy, TM J& 1
FETEARRIFREE ) d PR, 5 Cu JEFRIAEH]
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¢ —— Mn(d)
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=
=
=

[
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S ™

(e}
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w
(o1

[
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w
[$28

|
w
>

—T70 F

w
[=RENCH
T

Projected density of states
Projected density of states

—35F
—T70 F

Energy/eV

15, 2R EGE TM 5 JLF AR AR )
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3.3 TM@Cuy;,N,, BFERIEERFEF MAE

E 10(a) 44 H T #15% TM@Cu,,Ny, B TM
R B R, B R AR AR 0. AR LR
WAL 20, B8 24 TM = Co, Ni, Ru, Rh, Ir i,
TR AR LA KWPE Mg, 7T LT P
A UL LT R . T S B 2R B LA 7
TM = Co, Ru, Ir B}, BIFERHERERT I KA.
X5 AT AA AT S E R,

HREHIIE F Sl () 7= A TR B AT, d BE i as
JCAT LA H AR ERE s 1], NI iy 7 SEt% s
I BRI, AR PUE REAE PO, 1 i Bader
L faf 2B (3 2) BT, M Co JEFIF 4R, i T™M
JRF IR AAEER S R Z Cu R FHFRPRES, B
Bl TM B H PR R AW R, W5 | A f -4k
H 2B W R, d Pl = 7GR 1,
M T a2 Cu 589 Hfar % 8 s SE HEW 1Y
d BUIE B 47, 4k e AR RS R B R . BRI
b P B 0 G s TM R T R e 2
Cu JR FIEFEZ W, H TM R s R i 3
SRS FLE R 0 Ik N B 3 A Y

Energy/eV

K9 TM@Cu;,N,, B A% E (PDOS)
Fig. 9. The PDOS of TM@Cu;,N;5 clusters.
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ST TSR O RRAR; [RIIRE S A2 3 HL 1 38 £ 3h
TSI, 236 TM = Co, Ru, Ir IHH R R (A,
E 10(b) 44 1 T H#% TM@CuNy B MAE
B, # AR EFRBL, A TEARK
MAE & ) Rh@Cu;,Ny, (15.34 meV /atom) Fl
Pt@Cu;3N15(6.76 meV /atom) A1 5% . K I, &R 4
4d, 5d TG BB 44 ST kS B4 = A% MAE (H
FRVRSCER o P 2 1) R T 1 i
R T I MAE KN IR, 16X
B 11K L Rh@CuysNy, (15.34 meV /atom),
Pt@Cu;pNy,  (6.76 meV/atom), Ni@Cu;yNj,
(0.78 meV /atom) =Pl A, BIRHEAKK
) MAE 9 J5 R . B 56 58 F Z B Sl i 29,
MAE X AMESE R A TR R SOC &30 7 T ELFI
AT TR R IE T In N RE R 2, T AR M g 5
5 LA L, b i35
MAE= (¢ D (-1)'™*
u,0,,3
|(uar| L] 0B)|* = |(ucr |Ls| 0B)[”

Eua — €op

A eua (co,8) BAR AT (HHEHY) FER L (A

, (4)

0.6
(a) A —A— Orbital moment 79 E
n 05} —8— Orbital angular ]
3 momentum g
T 04} 16 ¢
2 =
2 03} 3
. 1 *—eo [ 13 =
N/ \VAVALE
£ 0.2¢f <
° \ —
S ¢ Y RYA o E
0.1r A 3
A -
©)
0 N S 3
Mn Fe Co Ni Cu RuRh Pd Ir Pt
™™
16 [ (b)
g 12
e
s
% 8
[ ]
E L
= L
oh -_-_-/.\./l —

I\/in F:e C‘o l\lli C‘u R.u R.h P.d I.r P.t
T™M

10  TM@CuoNy, FIFE [ A HUE M 2l i MPE R (a)
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Fig. 10. The orbital angular momentum, orbital moment (a)

and MAE (b) of TM@Cu,,N, clusters.

BEm ) AMRE, £ fA3R SOC Mg B . #4517 5+
PERE R LS A8 R d FUBE A G, Pk
BRI B BIE 20 A X MAE fOS200 He k. IR 1
HE— 25 B RG2S 1) S AR R, FE 11 R IRATT Ay
B B BT Rh@CuppNip(a), Pt@Cu;sNipy(b),
Ni@CuyoNyo(c) = MERHAY Ru, Pt, Ni A[E K

2

PDOS/states-eV—1

—6 -3 0 3 6

Pt (b)

PDOS/states-eV—1!

PDOS/states-eV—1

K 11  TM@Cu;)No(TM = Rh, Pt, Ni) A # 1§ 7 9
d HLIE 9 43S % EE (PDOS)

Fig. 11. PDOS of Rh (a), Pt (b), Ni (c) atoms in
Rh@Cu;5Nys(a), Pt@Cu;pNip(b), Ni@CuppNip(c) clusters,
respectively.
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Abstract

The stability of structure, spin, orbital magnetic moment and magnetic anisotropy energy of TM@Cu;,N;,
(TM = Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt) are systematically investigated within the framework of the
generalized gradient approximation with on-site coulomb repulsion density-functional theory (DFT-GGA+U).
In the orbital moment and magnetic anisotropy energy (MAE) computation procedure, the spin-orbit coupling
is considered and implemented. In this article, we mainly focus on the structure stability and tunable
magnetism of the TM atom (Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt) substituting the centre atom of
icosahedron (ICO) Cu; 3Ny, cluster, finally disclose the physics origin of the structure stability, change
magnetism and larger MAE. The results show that the different TM atom doping makes the ICO structure of
Cuy3N;y cluster appears a tiny deformation. The stabilities of the clusters are evidently enhanced due to the
formation of Cu—N and Cu—TM bond. In addition, the N-capped clusters more prefer to present a larger
magnetic moment than the pure Cu;3 one. The magnetic environment of clusters is improved to varying degrees
by doping different TM (TM = Mn, Fe, Co, Ni, Cu, Ru, Rh, Pd, Ir, Pt) atoms, which endows TM@Cu;,N,
clusters with various magnetic properties. For instance, the doping of 3d atoms further enhances the spin
magnetic moment of the clusters, the Mn, Fe and Co atoms replacing the centre atom of the ICO Cuy 3Ny,
generate 35, 32 and 33 giant moments, respectively. In light of the doping of 4d, 5d transition metal atoms, the
orbital moments of the TM@Cu;,N;5 clusters do not increase evidently, but the MAE remarkably strengthens
for the doping of Rh and Pt atoms, the MAE values reach to 15.34 meV/atom and 6.76 meV/atom for
Rh@Cu;5Ny and Pt@Cu;yN;4, respectively. The tunable magnetism of TM@Cu;,N;5 cluster provides promising

applications in spintronics.
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