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Fig.1 Calculated formation energies of doping elements at 2c and 3g
sites in SmCos system and that of undoped alloy for

comparison
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Table 1 Lattice parameters and cell volumes of SmCos, Sm,Coio

and SmyCo;gM

Lattice parameter/><10" nm

Model c/la VIX10°nm
a b c

SmCos 4867 4.867 3.944 081 80919
Experiments®™ 4987 4987 3981 080  85.740
SmyCog 4867 9734 7888 162 323676
Sm,CoyAl 4876 9751 7.952 163 327.391
Sm,CoyGa 4872 9762 7.947 163 327522
Sm,Coyoln 4857 9916 8011 165 336.340
Sm,Co19Sn 4869 9.898 8007 164 335858

#R2 SmCoiM hFE B TRAIIEER

Table 2 Physical properties of elements in the Sm,CoiM
systems
Element Atomic Electroneqativit Outer shell electron
radius/><10™" nm gativity distribution
Sm 1.80 1.17 4f%s’
Co 1.25 1.88 3d’4s’
Al 1.43 1.61 3s%3p*
Ga 1.35 1.81 4s%4p*
In 1.67 1.78 5s°5p!

Sn 1.40 1.96 55°5p?

a=0.486 nm Layer A

@ 555

K 2 SmCosHfsitnmEl, L 2c MAzf) Co JETFT7E T
B8, 4 39 ABLRY Co ST BT e P i 5

Fig.2 Diagram of SmCos unit cell structure (a), plane projection

0.3944 nm

c=

with Co occupying 2c site (b), plane projection with Co

occupying 3g site (c)
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Fig.3 Occupation probability of the doping elements at different sites and temperatures: (a) Al, (b) Ga, (c) In, and (d) Sn
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4c IO, In Bk R, BB EETE-15 eV T HIL
—/NETE, IXGRE In (1) p PUE R TR DT, T p H
T TRIRGES AL, S 5B, p HUES
B R AR VBN 3B2% In TRINIER
' Co MAHESRBIRMERIMLL, FIETRFIEE
AN, 3d-4f Ak 03 4 IR R IR Re G b FE 8,
Co [t 3d HLTESI Ik m A 1Y 5%, 5 E T AC oA 1R
Ft, B In BAaH ik R faE A —E Mk, HARA
Al BRI,

NI EHETCRB X SMC0o,75Moos(M=Al, In)fk
AP R FRESERREW, HHTBRIES R R

SRR TR, Rz IR Rt Ik 3 ok, it
AR T HB4=00 5 SmCoysMo s B R B tEM Hi
AR T E B S5 A0 JE B, AT RIR B 2% SmCos 1A &
Co-Co #Af JEER R, LA EE N2, Sm-Co(2c) it %
PLE e e . T AR T3 AR 56 54 Co-3g
ez, 73 Al-2c 1 Al-3g B LA 52405 (1) Co-Co #
(P BEREIE R, (R HAT 40 4b ¥ Co-Co KB Bl 2 K AR
1k, FHH Co(2c)-Co(2c)# Al Co(3g)-Co(3g) s i kK ik
/I, Tfi Co(2c)-Co(3g) B KIG K. BT Al JEF#HBA
WS 4 Co-3g wifi, {3145 Al-2c il Al-3g fEKEE AR
B2 1) Co-Co SEEFIBEREIE R, (RIS H 484k Co-Co
KW K EZML, H Co(2c)-Co(2c) HE
Co(39)-Co(3g) B I K7y, 1M1 Co(2c)-Co(3g) Bt K
K. M SmCos 1575 A Z2 ot AL 24 5 K AT (B R
Al-Co(2c)F Al-Co(3g) LA & Co(2c)-Co(2c) F1 Co(3g)-Co(3g)
(A R B 5 BT d v, 3R 9 ) A EL AR P 3,
T R G5 R e R 0

M n FFBaE, RN S Al BAR)E MR
B AEML, 2 In 5486 Co KR K T4 Al
Ak & o MRIEEAT RETH S R0, In-Co(2c) AT
JEE L KB 44 1 Co-Co #A5 EE A 8, |

R BB AR AT R B A SR AU O,

3 SmCos, SMC0475Al025 F1 SMCo4751N0 s IR FRK SR M EE

Table 3 Bond length and Mulliken bond populations of SmCos, SMCo04.75Alo 25 and SMCo4.751Ng 25

In-Co(39) (1 A EAE W R /). 2550 #1 Co-Co BEAN

SmC05 SmCO4,75A|o,25 SmC04,75Ino,25

Bond Length Population Bond Length Population Bond Length Population
Al(gg)-ZC 2.463 0.46 |n(3g)-2C 2.620 0.38

2c-2¢ 2810 089 2¢-2¢ 2.794 0.90 2¢-2¢ 2.726 0.92
Alag-39 2.482 0.35 IN@g-39 2.610 0.24

2¢-39 2421 0-34 2¢-3g 2.434 0.27 2¢-3g 2.468 0.34

3g-3g 2.434 0.56 3g-3g 2.412 0.61 3g-3g 2.400 0.68

la-2c 2.810 -1.51 la-2c 2.819 -1.56 la-2c 2.829 -1.59
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Abstract: In this work, A first-principles calculation model of SmCos alloy with main group elements doping was established. Taking Al, Ga, In,
and Sn as examples, the influence of intrinsic characteristics of doping elements, doping concentration and temperature on the phase stability and
magnetic properties of SmCos alloy was studied. The calculation result indicate that the physical and chemical properties of doped main group
elements and the size of the vacant space in the doping systems are two main factors that influence the occupation site of the doping elements. Al
and Ga are beneficial to the stability of SmCos system. Moreover, the occupation sites probability of Al varies insignificantly with temperature,
which indicates that the SmCos system doped with Al may be applied in applications with a wide temperature range. Regarding to the magnetic
properties, the SmCos system doped with In has a relatively high magnetic moment, although the total magnetic moment of the SmCos system
always decreases with the addition of the studied main group elements. The main reason is that In has a relatively large atomic radius, which may
induce lattice distortion and result in the increase of magnetic moment between Co atoms. Therefore, the decrease of the total magnetic moment of
the doping system can be compensated. Based on the above calculations, Al and In are selected as the candidate elements which are beneficial to
the stability and magnetic properties of SmCos based alloys. Moreover, the optimal doping concentration ranges of Al and In were predicted.
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