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Fig. 1. Crystal structure of Cmem-LiaCa: (a) Base-centred orthorhombic cell, the crystal axes a, b, and ¢

are schematically shown on the lower left corner; (b) side view of base-centred orthorhombic cell along a

axis; (¢) primitive unit cell.
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AFJESR T Cmem-LisCo fiks  FUR Wyckoff A AR

Table 1. Lattice parameters and Wyckoff positions of Cmem-LiagC2 under different pressures.

Pressure a/A b/A c/A Li Wyckoff C Wyckoff
Ambient pressure 3.3477 7.7891 2.5501 4¢(0,0.1504,1/4) 4¢(0,0.4563,1/4)
5 GPa 3.2771 7.5681 2.5345 4¢(0,0.1512,1/4) 4¢(0,0.4547,1/4)
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Fig. 2.

LioCa: (a) Band structures under ambient pressure and

Band structures and Fermi surfaces of Cmcm-

5 GPa, respectively, and the Fermi level is set to zero;
(b) the Brillouin zone and high-symmetry points; (c) the

Fermi surfaces under ambient pressure.
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Fig. 3. Orbital-resolved band structures and partial density
of states in Cmcm-LiaCo under ambient pressure: (a) Con-
tribution of two sp2-hybridized orbitals along zigzag carbon
chain to Bloch states at given k and energy band index;
(b) contribution of hybridized spz orbital to Bloch states
at given k and energy band index; (c) contribution of 2pg
orbitals of carbon atoms to Bloch states at given k and en-
ergy band index; (d) atomic orbital-resolved partial density
of states per formula; (e) partial density of states projected
onto single carbon atom. The energy bands are represented
by solid lines, whose thicknesses denote the weights of cor-

responding hybridized or atomic orbitals.
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Fig. 4. Lattice dynamics and electron-phonon coupling in Cmem-Li2Ca: (a) Phonon spectrum and electron-phonon
coupling constant \q, at give wave vector g and phonon index v under ambient pressure; (b) phonon density of
states and Eliashberg spectral function a2F(w) under ambient pressure; (¢) phonon spectrum and electron-phonon

coupling constant Ag, at give wave vector g and phonon index v under 5 GPa; (d) phonon density of states and

Eliashberg spectral function o F(w) under 5 GPa.
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Fig. 5. Vibrational patterns for Bz and Ag phonon modes at I' point and their influences on the band
structures under ambient pressure: (a) Vibrational pattern for B1g phonon mode at I" point, and the lengths
of arrows represent the relative amplitudes for each atom; (b) vibrational pattern for Ag phonon mode at I"
point; (c) the influence of Bz phonon on the band structures; (d) the influence of Ag phonon on the band

structures.

214701-6

(a) WIS TA AR ERR B TR HEEREHE I \q; (b)
HE T AT F(w) M Eliashberg i B4 o2 F(w); (c) 5 GPa F A T2k A TR M AR EF 8 Ay


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 64,

No. 21 (2015) 214701

1) A2 T LT A TR i S -V y il O ) 1 DR T AR
3. £ AT NERIE 25, 85 1A
P sl B v LAZZARE (B 5 (b)), AT 7L 71X
PR A T SR I R Al S A AR 4. R T 15 3
T BT 5 B, BRATTIE L By A A 75 T IR R 23 31
703 AR0.1 A, By, M1 A, 5 FHRBIHT G B8
F 2 B2 7 IAE T 5 () A (d) HR R 4 6 ) [
Wi, GG E 2T LR, By i R B RE A B 1 2
AR 2 AR T 2R BUIE sp? s B 2p, BUIE & B TP A
[ Bes b, X sp? AT RN o REA (2 LT
NE. XU By 805 R APIE sp? % 2p, FIE
“ BRI 7 BeH T 2 ARSI R &, 1 Ag
PR AL UIE sp? SEMAAN K, 7E 9K RE LRI
i 3 5K 2p, PUIE T B o Be Al FL - Z (AL LR
ARG, BRIbZ AN, A, TR OKRE LA R
—6 eV AL sp? Z A TE i) o By 52 | B, 1Ko
BRI N Ag 75 B 20 B ) 2 B R A A =X, X P i
Aoz 3 R AH AR R 1 TE] 2 AL BB I A2 B RS,
W23t o B A AE AR KR, IX — 1515 LisB4Cy 19
PA K MgBo PU A (i 15 #8250, (H & i 0
T M R E B B RS £ Bk K RER
BT ((2) ), B o G855 AR & R 08
TR B DTRR.

i

AT I T % B2z ok JAE R O B e A
Eliashberg 7718, X} Cmem (No. 63) 2% [B] BELE I 1)
LioCy LT 4544 & s J1 A A RS AT 1
FIRIFHEW R, S TEFEMS GPa F Cmem-
LipCo 73 A 5 AR 0 13.2 KA 9.8 K I HiL A 4%
HHESE XA B RIS 4R A AR
THEEP T REAE A . I B S AR
5 CaCe 1 11.4 K M. 3 — 0 =t S o 520630 552,
Cmem-Lio Co ¥ 23 N BEBRAL VI B} o 5% AR s B2
B¢ e PR S

4 %

RPN

[1] Allen P B, Dynes R C 1975 Phys. Rev. B 12 905

2]

214701-7

McMahon J M, Ceperley D M 2011 Phys. Rev. Lett. 106
165302

McMahon J M, Ceperley D M 2011 Phys. Rev. B 84
144515

Drozdov A P, Eremets M I,
arXiv:1412.0460

Duan D et al. 2014 Sci. Reports 4 6968

Gao M, Lu Z Y, Xiang T 2015 Phys. Rev. B 91 045132
Ekimov E A et al. 2004 Nature 428 542

Takano Y et al. 2007 Diamond Relat. Mater. 16 911
Moussa J E, Cohen M L 2008 Phys. Rev. B 77 064518
Solozhenko V L, Kurakevych O O, Andrault D, Godec
Y Le, Mezouar M 2009 Phys. Rev. Lett. 102 015506
Hannay N B, Geballe T H, Matthias B T, Andres K,
Schmidt P, MacNair D 1965 Phys. Rev. Lett. 14 225
Weller T E, Ellerby M, Saxena S S, Smith R P, Skipper
N T 2005 Nature Phys. 1 39

Emery N et al. 2005 Phys. Rev. Lett. 95 087003
Profeta G, Calandra M, Mauri F 2012 Nature Phys. 8
131

Pan Z H, Camacho J, Upton M H, Fedorov A V, Howard
C A, Ellerby M, Valla T 2011 Phys. Rev. Lett. 106
187002

Hebard A F et al. 1991 Nature 350 600

Varma C M, Zaanen J, Raghavachari K 1991 Science
254 989

Juza R, Wehle V, Schuster H U 1967 Z. Anorg. Allg.
Chem. 352 252

Ruschewitz U, Pottgen R 1999 Z. Anorg. Allg. Chem.
625 1599

Chen X Q, Fu C L, Franchini C 2010 J. Phys.: Condens.
Matter 22 292201

Belash I T, Bronnikov A D, Zharikov O V, Pal’nichenko
A V 1989 Solid State Commun. 69 921

Giannozzi P et al. 2009 J. Phys.: Condens. Matter 21
395502

Perdew J P, Burke K, Ernzerhof M 1996 Phys. Rev. Lett.
77 3865

Rappe A M, Rabe K M, Kaxiras E, Joannopoulos J D
1990 Phys. Rev. B 41 1227

Baroni S, de Gironcoli S, Corso A Dal, Giannozzi P 2001
Rev. Mod. Phys. 73 515

Eliashberg G M 1960 Zh. Eksp. Teor. Fiz. 38 966
Allen P B 1972 Phys. Rev. B 6 2577

Richardson C F, Ashcroft N W 1997 Phys. Rev. Lett.
78 118

Lee K H, Chang K J, Cohen M L 1995 Phys. Rev. B 52
1425

Wierzbowska M, Gironcoli S de, Giannozzi P 2005
arXiv:cond-mat 0504077

An J M, Pickett W E 2001 Phys. Rev. Lett. 86 4366

Troyan I A 2014


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1103/PhysRevB.12.905
http://dx.doi.org/10.1103/PhysRevLett.106.165302
http://dx.doi.org/10.1103/PhysRevLett.106.165302
http://dx.doi.org/10.1103/PhysRevB.84.144515
http://dx.doi.org/10.1103/PhysRevB.84.144515
http://dx.doi.org/10.1038/srep06968
http://dx.doi.org/10.1103/PhysRevB.91.045132
http://dx.doi.org/10.1038/nature02449
http://dx.doi.org/10.1016/j.diamond.2007.01.027
http://dx.doi.org/10.1103/PhysRevB.77.064518
http://dx.doi.org/10.1103/PhysRevLett.102.015506
http://dx.doi.org/10.1038/nphys0010
http://dx.doi.org/10.1103/PhysRevLett.95.087003
http://dx.doi.org/10.1038/nphys2181
http://dx.doi.org/10.1038/nphys2181
http://dx.doi.org/10.1103/PhysRevLett.106.187002
http://dx.doi.org/10.1103/PhysRevLett.106.187002
http://dx.doi.org/10.1038/350600a0
http://dx.doi.org/10.1126/science.254.5034.989
http://dx.doi.org/10.1126/science.254.5034.989
http://dx.doi.org/10.1002/(ISSN)1521-3749
http://dx.doi.org/10.1002/(ISSN)1521-3749
http://dx.doi.org/10.1002/(ISSN)1521-3749
http://dx.doi.org/10.1002/(ISSN)1521-3749
http://dx.doi.org/10.1088/0953-8984/22/29/292201
http://dx.doi.org/10.1088/0953-8984/22/29/292201
http://dx.doi.org/10.1016/0038-1098(89)90933-2
http://dx.doi.org/10.1088/0953-8984/21/39/395502
http://dx.doi.org/10.1088/0953-8984/21/39/395502
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://dx.doi.org/10.1103/PhysRevLett.77.3865
http://www.ncbi.nlm.nih.gov/pubmed/9993827
http://dx.doi.org/10.1103/RevModPhys.73.515
http://dx.doi.org/10.1103/RevModPhys.73.515
http://dx.doi.org/10.1103/PhysRevB.6.2577
http://dx.doi.org/10.1103/PhysRevLett.78.118
http://dx.doi.org/10.1103/PhysRevLett.78.118
http://dx.doi.org/10.1103/PhysRevB.52.1425
http://dx.doi.org/10.1103/PhysRevB.52.1425
http://dx.doi.org/10.1103/PhysRevLett.86.4366

) I8 % 48 Acta Phys. Sin. Vol. 64, No. 21 (2015) 214701

SPECIAL ISSUE—Progress in research of superconductivity and correlated systems

First-principles study of electron-phonon coupling and
superconductivity in compound Li;Cs"

Gao MiaoY?"  Kong Xin"  Lu Zhong-Yi?  Xiang Tao"?

1) (Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)
2) (Department of Physics, Renmin University of China, Beijing 100872, China)

3) (Collaborative Innovation Center of Quantum Matter, Beijing 100190, China)
( Received 15 July 2015; revised manuscript received 19 August 2015 )

Abstract

One-dimensional carbon chains are expected to show outstanding optical and mechanical properties. But syn-
thesis of the compounds containing one-dimensional carbon chains is a challenging work, because of the difficulty in
saturating the dangling bonds of carbon atoms. Recently, the transition from the Immm phase to the C'mem one at
a transition pressure 5 GPa has been predicted for LioCs by density-functional theory calculations. In C'mem-Li2Ca,
there are one-dimensional zigzag carbon chains caged by lithium atoms. Under ambient pressure, the electronic struc-
ture of Cmem-LiaCs is as follows: The hybridization among 2s, 2p,, and 2p. orbitals of carbon atoms results in three
sp2-hybridized orbitals that are coplanar with the zigzag chains of these carbon atoms, denoted as the y-z plane. The
sp2-hybridized orbitals along y-axis (perpendicular to the zigzag chain) overlap with each other and form one m-bonding
band and one m*-antibonding band. Likewise, the 2p, orbitals of carbon atoms will provide also one m-bonding band
and one T"-antibonding band. These two m*-antibonding bands cross the Fermi level and contribute to the metallicity
of Cmem-LiaCs. The other two sp?-hybridized orbitals will give two o-bonding bands, whose band tops are about 5
eV below the Fermi energy level. These two fully occupied o bands are the framework of the zigzag carbon chains.
The changes in electronic structure of C'mem-LiaCo under 5 GPa are negligible, compared with that in case of am-
bient pressure. To our best knowledge, there is no report upon the superconductivity for compounds containing one
dimensional carbon chains. We choose C'mem-Li2Co as a model system to investigate its electron-phonon coupling and
phonon-mediated superconductivity. To determine the phonon-mediated superconductivity, the electron-phonon cou-
pling constant A and logarithmic average frequency wiog are calculated based on density functional perturbation theory
and Eliashberg equations. We find that A and wiog are equal to 0.63 and 53.8 meV respectively at ambient pressure
for Cmem-LizCs. In comparison, both the phonon density of states and the Eliashberg spectral function o®F(w) are
slightly blue-shifted at a pressure of 5 GPa. Correspondingly, A and wi. are calculated to be 0.56 and 58.2 meV at
5 GPa. Utilizing McMillian-Allen-Dynes formula, we find that the superconducting transition temperatures (7%) for
Cmem-LiaCq are 13.2 K and 9.8 K, respectively, at ambient pressure and 5 GPa. We also find that two phonon modes
Biz and Ag at I' point have strong coupling with " electrons. Among lithium carbide compounds, the superconduc-
tivity is only observed in LiCs below 1.9 K. Besides LiCa, theoretical calculations also predicted superconductivity in
mono-layer LiCg, with T, being 8.1 K. So if the superconductivity of C'mcm-Li2C2 is confirmed by experiment, it will be
the first superconducting compound containing one dimensional carbon chains and its 7. will be the highest one among
lithium carbide compounds. Thus experimental research to explore the possible superconductivity in Cmem-LizCs is

called for.

Keywords: electron-phonon coupling, superconductivity, first-principles calculation
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