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(a) AcB,C, (b) AcB,C, (¢c) AcB,C,

1 JEEH 0 GPa i AcB,C,. AcB,C, il AcB,C, ¥4kt

Fig. 1 Crystal structures of AcB,C;, AcB,C,, and AcB,C, at 0 GPa
K2 250 T AN SR T AcB.C (x=2, 3, 4; y=4, 3, 2) MIXT T Ac BATAR™), B BLBAHM A1 C B BT AR
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020108-2



538 %

TERAE BRI TR RS Y S

%2

TR AEMN R, T RS/ Ak, TR R E 2
FF R o AcBLC, Fl AcB,C, 943 i ke 249 Sy 11 {8
AcB,C, 1 AcB,C, YK R BB IL T LA Ac FABTAH
B L AHFI C HTAH Ry 7% 4 iR AH 1 R i, 3R W)
AcB,C, 1 AcB,C, ZERI A W AHXT T HL AR &)
FEFAE. I 2 7T LA i AcB,C, 7E 0~200 GPa
JE 3 X 18] P LA Pm3n %S 6] BB GE 7778 5 AcB,C, £
0~200 GPa 5 [X 8] A W A& %€ 78 14/mmm #H o 98
WM, B 25 R 38 B B4, AcB,C, MK R AV REH & T
SRR BERE, AcB,C, 1K R 10 T 20

B J5 JT & T AcB,C,. AcB,C, Hl AcB,C, i/
¥ 2 Iy E R Mg . AR S T EEOCR R,
AcB,C, 7£ 0~200 GPa J& 3 [X [i] Py A 7 17 7F i
Wi, B AcB,C, 7E 0~200 GPa 58 [X [ii] PN 2 3 /1 2%
ARER . B34 T R p=0 GPa i AcB,C,
Ml AcB,C, YR T HGE . I 3 AT LIE i, AcB;C,
Fl AcB,C, 7551 HLIH X P9 B A AT o] g 451, 1561

AH/(eV/atom)

-u- 0 GPa
100 GPa
—A:— 200 GPa

AcB,C,

2 RFEITF AcB,C,(x=2, 3, 4; y=4, 3, 2) 1A R A5k
(4 p=0 GPa I}, ZH AN foc-Ac BT, a-B,, BLTHHFN
INOT A BAH; 24 p=100 GPa Fll p=200 GPa i}, 241K
fec-Ac HLFAH . a-Ga % B SLBUAHFIA: NI AH)

Fig.2 Decomposition enthalpy diagrams of AcB,C, (x=2, 3, 4
and y=4, 3, 2) system at different pressures ( At 0 VGPa, the
reference phases are the fcc-Ac elemental phase, @-B,

—15+F

AcB,C, AcB,C,

elemental phase, and hexagonal graphite phase. At 100 and
200 GPa, the reference phases are the fcc-Ac elemental phase,
a-Ga type B elemental phase, and diamond phase.)
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Fig. 3 Phonon dispersion spectra of AcB,C, and AcB,C, at 0 GPa

Ak, AcB,C, A1 AcB,C, Z5 18 P i AF7E LA FRIF 4258 ) B—C. B—B A1 C—C #, XF H Jy 2=k it
Jet— . R 1A T HE T AcB,C, Fil AcB,C, AR 28, Horh. €, il sy sibk % 4, B R At
ik, G B YR &, E i IR a, v IAAA b AR ST 07 & 2 10 0 5 A P ) i

Cu>0, C;-Cpp>0,
AU T5 i F 1Y ) 27 R Pk
Cu>0, Ce>0, C;—I|Cpl>0,

Cy(C+Cho) —2C123 >0,

C+2C,>0 €))

Ces(C11 = C13)-2C3 >0 2

AI %, AcB,C, il AcB,C, #RJ& TR MERR T (Y o 3 i A R A A8 B2 AT 1), G5 SRR W 37 U7 AcB,C, A
AW 4 ICHE B H, Ol 43.82 GPa, H B-C Z [H]J¥ ji i 1 LA 55 DU 77 AcB,C, 8 LAk A 4 1) 2 TGl 2
H, >} 39.75 GPa, HA 5 () B—C 1 B—B L4, il 5 1M, 48 A 1, 3 40 GPa [ # BHFR
A RS, 28 AT %, AcB,C, Al AcB,C, 42 EL AT 4 i B 8 AT 1 A g 1k o

020108-3



%38 4 TERAE BRI TR RS Y S 52

®1 EET AcB,C, 71 AcB,C, WL H
Table 1 Physical parameters of AcB,C; and AcB,C, at ambient pressure

System C,/GPa C,,/GPa C,,/GPa C,/GPa C,,/GPa C,,/GPa
Pm3n-AcB,C, 859.97 185.78 327.12
IA/mmm-AcB,C, 715.43 241.16 114.38 0 814.58 274.96
System C,/GPa B/GPa G/GPa E/GPa v BIG
Pm3n-AcB,C, 410.51 331.11 782.85 0.18 1.24
I4/mmm-AcB,C, 303.83 353.92 289.12 681.72 0.18 1.22
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A% BRI aTE H, PORGEHM T A 128 588 £ 2l B 119 p HLE R C JEF 1 p Pl 51
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Fig. 4 Atomic orbital projected electron band and discrete electron density of state of AcB,C; and AcB,C, at 0 GPa
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F K, N CJRET 2p LB AE R 2 £ R IREER, B IR T 2p B 76 98K i b A S AL E 4
5 C IR 2p BB 7E oK L AR AE 40 A0 oAb o X543 57 H 25 2 B R B 805% B Tk
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bGP R v A 1 S 1A

6 45t T 5% p=0 GPa i} AcB,C, il AcB,C, AY — 4 Jay Yol v ff 2% 18, HLAF AR TET IR B0 0.85, i
WK I, £ AcB,C, Al AcB,C, BILA YT, Ac i T 5 B 8 C Jf 7 Z (A HB B A 2 30t v £ &) 3k
A, Ac—B#E 5 Ac—C #E 5L B FHEERE . 78 AcB,C, AL AW, B IR 75 C JF 12 8] 5 B H #5058 1
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Mo 5 AcB;C; AR, 78 AcB,C, BERLAYI T, R T BIRT5 C T2, B T5 B T2
BP0 L R Ak, B B-B 2 [l IR AL B, ZR B AcB,C, B RIL & W O RR 8 2 i 3L i) B—C 4
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K5 0GPalit Ac-6d HLifi . B-2p HLi Al K6 AcB,C, fll AcB,C, f 0 GPa N[
C-2p BIEHE AcB,C, M2 KT L IALE = Y Jr L £ 4
Fig. 5 Weights of Ac-6d orbitals, B-2p orbitals, and C-2p Fig. 6 Three-dimensional electron localization function of
orbitals on the Fermi surfaces of AcB,C, at 0 GPa AcB;C; and AcB,C, at 0 GPa

N T HESE AcB,C, M SR E, 32 45 i TR IR R 3R T AcB,C, I F AR I BOF I (w,,,) «
T FAHEAERG H A, BRI T, M3 RBERA T8 %E ME). &2 LA, Y
Ji58 4 0 GPa v}, AcB,C, Y7 TR A KV BIE Cwog) 7 747.309 K, HLF- 7 T A AR HIRE G W 8L A R
0.358, P K BELAL 1Y HE T8 N(E;) M 6.153 states/spin/Ry/Unit, ] | McMillan-Allen-Dynes J5 2
Wiog exp|— 1.04(1+2)
12 A= (1+0.621)
fhFAR R 0 AR T, o0 1.565 K, BLiS FE-CAH BAE % 1/=0.10, 24 1'=0.13 i}, 7, 4 0.52 K. B
HESRIG N, AcB,C, 1975 T4 19X EOF BME (w,,,) FE B WS K, SR G B, e K (w,,,) 7 896.673 K.
T =75 A ELAE PR G W 5 A BB PRSI T, M 2R K BE AL i Pl T 8 55 1 N(E,) ¥ 52 BLSE /N s
HAR A H, A fe KAE M 0.358, N(E;) fit KAE K 6.557 states/(spin-Ry-Unit), X —%53R KM, AcB,C, N
SR, B T, k%) 1.565 K.

T, =

A3)

F2 FTEERT AB,C, S K
Table 2 Physical parameters of of AcB,C, at different pressures

T/K ME
Space group p/GPa <wlog> /K A =010 4=0.13 [states /(sp(inf;{/y'Unit)]
0 747.309 0.358 1.565 0.520 6.153
50 862.377 0.307 0.515 0.094 5.804
14/mmm 100 895.107 0.302 0.455 0.076 5.872
150 896.673 0.316 0.700 0.147 6.206
200 883.648 0.341 1.304 0.372 6.557
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N T = BPHE RS AcB,C, M FHLH R, & 7(a) 43 i1 T A FESR T AcB,C, B 738 45
AR L PR R A R STIRACE (R T AR o 45 R W, BEE SR A4S 0, BR T 7R S X FR X-P-N
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T TR A R A(w) PGP AL TABE . A 7(b) WY LA i, 75 700 3 00 5 1 1 Tk 32
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FEA PO X IO AcB,C, B A AT SRR TR, T AR AT DX ISR o 931 DX I P 70 A0 4B STHRAR XD
AcB,C, 11 BTk B R 1Y 7 F IR £ BAE F-X-P 6 BR D5 1], £k A B-C HEZL P i B 1 5Tk

1 12 T T T T -
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i i i i 1 1 H 1 H B
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2 2 =
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1 T | T H T T I 20°F(w)
[ SS———————— : : : 0 | i i i .0 2] “ F
A r X P N r A r X P N I 0.2 0.6 PHDOS

7 (a) RRESRT AcB,C, B T LRSS HL A FITTHR, (b) p=0 GPa I} AcB,C, HIB 4
Fig. 7 (a) Contribution of phonon frequencies of AcB,C, to electroacoustic coupling parameters A at different pressures,
(b) superconducting properties of AcB,C, at 0 GPa
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(3) AcB,C, TE K BEL AL A L7285 4 2 B I 719 p BLIE T C IR 719 p B sk, B 111
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Superconductivity in Novel Actinide Filled Boron Carbon Clathrates
ZHANG Wangying', LIU Chaoting', CHEN Rui', JIANG Chengao', LI Peifang’, YAN Yan'

(1. College of Science, Changchun University, Changchun 130022, Jilin, China,
2. College of Mathematics and Physics, Inner Mongolia Minzu University, Tongliao 028043, Inner Mongolia, China)

Abstract: Recently, a large number of theoretical and experimental studies have reported the emergence of
a new sp’ clathrate XB,C,, where X represents different metal doping elements. The potential high-
temperature superconducting materials have been discovered. New-typical cage material with both strong
covalent and superconducting properties has important scientific research significance. In recent years, Ac
discovered as the first element of the actinide series, AcH,, has a superconducting transition temperature (7,)
of 251 K, making it a potential room temperature superconductor. Therefore, in this article, first principles
density functional theory is used to explore the crystal structure, lattice dynamics, electronic properties, and
superconducting properties of AcB,C,, AcB,C,, and AcB,C, doped with Ac elements based on the cage
structures of XB,C;, XB,C,, and XB,C,. Research has found that AcB,C, is difficult to synthesize within the
0-200 GPa range, and AcB,C, exhibits an indirect bandgap semiconductor with a bandgap width of
approximately 1.154 eV at atmospheric pressure. Based on the mechanical stability criterion, it can be
inferred that AcB,C, and AcB,C, are brittle materials with high hardness and stiffness that are elastically
stable. At the same time, AcB,C, exhibits superconducting properties at ambient pressure, with 7, reaching
1.565 K. It has been observed that as pressure increases, the 7, value exhibits a trend of initially decreasing
and then increasing. The superconducting mechanism is mainly influenced by intermediate-frequencies
phonons, which then shift to the combination of low-frequencies and intermediate-frequencies phonons. This
study provides guidance for the experimental synthesis of cage type compound superconducting materials
and provides new ideas for exploring superconducting materials with high superconducting transition
temperature.
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