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Abstract

In this work, the structural stability, mechanical anisotropy, and stress-tuned electronic structures
of a two-dimensional carbon material, TRIG-yne, were investigated by first-principles calculations.
The results show that TRIG-yne has no imaginary frequencies in its phonon spectrum and a cohesive
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energy comparable to those of typical two-dimensional carbon materials, indicating a stable struc-
ture, and its Young’s modulus and Poisson’s ratio exhibit pronounced anisotropy. Pristine TRIG-yne
is an indirect bandgap semiconductor, and the electronic states near the Fermi level are mainly con-
tributed by p orbitals. Under stresses applied along different directions, the bandgap variation shows
distinctly different trends: compression along the x direction reduces the bandgap, while tension
along the x direction enlarges it; compression along the y direction has little effect on the bandgap,
whereas tension along the y direction closes the bandgap and drives the system into a metallic state.
The significant differences in the electronic structure changes induced by the same magnitude of
stress along different directions indicate a strong coupling between the mechanical anisotropy and
electronic properties of TRIG-yne. These results suggest that the electronic structures of TRIG-yne
can be effectively tuned by the stress direction and type, providing a theoretical basis for the devel-
opment of novel direction-sensitive electronic devices.
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Figure 1. (a) Optimized supercell structure of TRIG-yne; (b) Phonon dispersion curves of TRIG-yne
& 1. (a) HILEHI TRIG-yne #BHILEH; (b) TRIG-yne HIFE FREHIZ

Ecoh = (1)

H i Eqp /2 TRIG-yne R fER, 8 n Foml@ Rt C IR, B Rox BAILL C 7 Re
H[14]. THHEAGH] TRIG-yne AR N—7.23 eV/atom, 548 S80S et BHAHIE14], 318
HEMIFEE -

3.2. iFftRE

NP FLZE TRIG-yne F /568, THE T HM % C = 173.65 GPa, Ci, = Cyy = 14.44 GPa,
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Figure 2. (a) Young’s modulus of TRIG-yne; (b) Poisson’s ratio of TRIG-yne
2. (a) TRIG-yne B ECHRE; (b) TRIG-yne BU7AMALL

3.3. BETSEN
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Figure 3. (a) Band structure and (b) projected density of states (PDOS) of the elec-
tronic orbitals for TRIG-yne
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Figure 4. (a) Compressive stress of 4 GPa along the x-axis; (b) tensile stress of 4 GPa along the x-
axis; (c) compressive stress of 4 GPa along the y-axis; (d) tensile stress of 4 GPa along the y-axis

4. (a) B x WIEMELERI S 4 GPa; (b) & x BHHEIMBLIRR ST 4 GPa; (c) & y HHEMELER
714 GPa; (d) By dHFEINRIER F] 4 GPa
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Table 1. Bond length variations of C-C bonds in TRIG-yne under stresses along different directions

# 1. TR EFMAERF ST TRIG-yne # C-C 4

8 73 55 At Ci-C2 (A) C2-C3 (A) Ci-C1 (A) C3-Cs (A)
ToR Sy 1.471 1.349 1.373 1.247
x MR 4 4 GPa 1.454 1.326 1.376 1.225
x Hhhfi 4 GPa 1.486 1.386 1.379 1.263
y 4 E 46 4 GPa 1.443 1.351 1.329 1.243
y filihifi 4 GPa 1.501 1.354 1.437 1.245
4. &g
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BRI, FELRWT:
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(2) TRIG-yne ] /72714 i BAA W35 25 W) etk o B IRBEEAE O°F0 180° 7 M Be K, #9°4 171.24 GPa, fE
46°, 134°, 226°H1 314°J5 [ApE EHAK, Z19 17.81 GPa; JHFAHLAE 0.08 & 0.8 Z A28k, HJ7 kit 5
My IR — 5

(3) AME TRIG-yne MIAIEH 2 SR, HFBN 0.067 eV, FKAES LA FAEE N p JUldB T
DR, s BUIE FL T DT BRI S5 -

(4) W x My Fmljtn 4 GPa N JyJa, AR5 N 5 VB VIR O . x 7 ) 45 (6 7 B 22 0.0041
eV, FLETRTRRIG A 0.1447 eV y J7 A R4 {6717 FRES T8 22 0.0784 eV, R R T8 2 &, R R %%
AR I o FRIRIR/INB R I EAS [F] 77 1) b5 I L 258 A B AN, R B TRIG-yne #1775 % 0] 51
5o 7R AR RS RS .

RS SRR, TRIG-yne W HLF 251 T id I B 77 75 a1 AL ) SR B EAT A 804, R R L 5 Ta
JRHL T AR R AL T B AR
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