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Fig. 1. (color online) (a) The optimized structure of T-graphene; (b) buckled T-graphene; (c) the structure of

T-graphene derivatives-n (n = 1-5) (this figure is n = 5).
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Table 1. Lattice constants of T-graphene and its derivatives-n (n = 1-5), C—C bond lengths between

adjacent atoms in tetragon rings dring, C—C bond lengths of the linear carbon chains connecting two

tetragon rings do, d+1, d+2, d+3, average binding energy E}, and total magnetic moment of a unit cell Ms.

Cynn=0-5 a /A dring/ A do/ A d+1/ A d+2/ A d+3/ A Ey /e\/-atom’1 M /ugcell’1

C4 3.447 1466  1.374
Cé(n=1) 4782 1513 1.321
Cg(n=2) 6.027 1470 1.246  1.351
Cio(n=3) 7.330 1494 1.279
Cia(n=4) 8597 1473 1314  1.252

Cia(n=15) 9.895  1.479 1.291

—8.709 0

—8.062 0

—8.394 0
1.330 —8.179 0.961
1.348 —8.324 0
1.269 1.342 —8.224 0.863
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Fig. 2. (a) Average binding energy of one C atom vs

n; (b) C—C bond lengths in tetragon ring vs n.
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Fig. 3. (color online) The phonon spectra of T-graphene derivatives: (a) n =4; (b) n = 5.
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4
Fig. 4. (color online) (a)—(f) Contour plot of the deformation charge density in the z-y plane of a series of materials
(n =0-5).

X IR g & Bk R R R B R AR, XL
B 4 (a)—(f) h BT 2253, BI AT H % Fh 4 i o
VU F AR B o BEAR A iR 55 1. LRAh e AT DU 52 2
n NTEE n BB C—C I o B 1 AR X 5
I AAAAEZES. Zn AEE(n = 0BRSL) I, B
b o SIS E om gS SC RS, o B R R 1 0 Al
5E 5 (a) RIS R, 58 EEBCKH o X R
AR, Mo AN, REE L o BKEERA

(b)yn=1

(MTIRE) (a)—(f) RIBE (n = 0—>5) 1 @-y SFTHZE 5 Hagis 25 FE 1A

AR ZE AR, AT DX o B 55 E g o, 50T
VU F T TR ) o SRS L 55, [FIRE o RS L 1K)
AT 5B 5 (b) AT E B 0 A X B, T B 7 S ) o
B oA P A S T SRR AR . H I 5 B AR AR T LA
BE— PR B R AL XTEEIE 5 (a) 55 (b)
A BUREL, noR @ BCS BN e L CCRK
AT B AR, Zn NEE (n = 0FRSM) I,
C—C @K EI M KA HITEAAE A, 2T

D —2 o —1 o 1 ° 2 d
;_20—1000102( r_3°_2°_1°1° 2031
T T ; T T T T T T T T T
1.36 i 1.32 1 [ —
1.32 |
1.281 n=0 128} ne1
1.24 |
: : : : 1.24
o <X
=) 1361 ] = 1320
B 132 ] s
8 < 1928
1.281 ] 28]
2 SRR -
1.24 | 4
m T T T T T m 1'24
1.36 |- 4
1.32
1.32 | 4
L 4 1.28 |
1.28 S 8
1.24 | 4
L L L L L 1.24 L L L L L L L
-2 —1 0 1 2 -3 —2 —1 0 1 2 3
Bond position Bond position
El5  (MTRE) T BASMATEY -n B 450 (n = 0—5) IkEE LM C—C KM (a) n=1EERS; (b) n=AHRS
Fig. 5. (color online) Distribution of C—C bond lengths of the linear carbon chains of T-graphene derivatives-n

(n =0-5): (a) n is even; (b) n is odd.
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Abstract

Recent years there has been aroused a growing interest in designing two-dimensional (2D) structures of carbon
allotropes, owing to the great success in graphene. The T-graphene is a newly proposed 2D carbon allotrope possessing
tetragonal symmetry other than hexagonal symmetry of graphene. Also, the energetic and dynamical stabilities of
T-graphene have been revealed. So motivated, we investigate the structural stabilities and electronic properties of T-
graphene and especially its derivatives-n(n = 1-5) by using the first-principle calculation based on the density function
theory. By changing the atomic number (n) of the linear carbon chains connecting the two tetragon rings of T-graphene,
a series of sp-sp? hybrid structures can be formed, which is named T-graphene derivatives-n. The calculation results show
that the structural stabilities, chemical bond types and electronic structures of these materials depend greatly on the
parity of n. Owing to a strong T-bond formed by eight carbon atoms in T-graphene, it becomes the one with the lowest
energy in all these materials studied in this work. An interesting phenomenon is found that the T-graphene derivatives-n
with even n are dynamically stable as witnessed by the calculated phonon spectra without imaginary modes, while those
with odd n are dynamically unstable. The metallic behaviors are present in the T-graphene derivatives-n with even
carbon atoms in the linear carbon chains, showing an alternating single and triple C—C bonds. Besides, we observe
that the metallicity of the T-graphene derivatives-n with even n becomes stronger as n increases. On the other hand,
the linear carbon chains with odd carbon atoms are comprised of continuous C=C double bonds. These T-graphene
derivatives-n with odd n also show metallic behaviors, but turn into magnetic materials (except for n = 1), the magnetic
moments are about 0.961ug (n = 3) and 0.863us (n = 5) respectively, and ferromagnetic ordering is the only possibility
for the magnetism, which rarely occurs in carbon material. Our first-principle studies indicate that the introducing
carbon chains between the tetragonal carbon rings of T-graphene constitute an efficient method to obtain new two-
dimensional carbon allotrope. With different numbers (even or odd) of carbon atoms on the chains, the constructed 2D
carbon allotropes could show contrasting dynamical and magnetic properties. These findings provide a theoretical basis

for designing two-dimensional carbon materials and carbon-based nanoelectronic devices.

Keywords: T-graphene, T-graphene derivatives-n, electronic structure, first-principle calculation
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