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Fig. 1. (color online) Simulation model and atomic structure of MOF-5.
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Table 1. Calculated lattice constants (a) and band gap (Egap) of MOF-5 by using LDA, GGA, GW and

PW91 methods and the comparison with experiments.

LDA GGA GW PW91 SLIRAA
25.614 26.103 25.819 26.076
a/A 25.856 [12]
(—0.94%) (40.96%) (—0.14%) (40.85%)
3.26 3.35 3.28 3.49 ‘
Egap/eV 3.5127]
(—6.86%) (—4.28%) (—6.28%) (—0.28%)
SIS WEAREANIRM. F&EERRE, BEAR K
—718.0

—718.5

—719.0

—719.51

—720.01

—720.5

Total energy/eV

—721.01

—721.5 ¢

_ s s s 1 s
722'200 500 600 700 800 900 1000
Energy cutoff/eV

2 gk R i TR USe S I~ T A T R 1 R Ak
Fig. 2. The convergence of the total energy as a func-

tion of cutoff energy.
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Fig. 3. Varation of the cohesive energy of MOF-5 with

external strain.
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Fig. 4. Calculated electron density of state of MOF-5.
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Fig. 5. Variation of the band gap of MOF-5 with the

applied strains.
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Fig. 6. Effect of mechanical strain on the density of
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Fig. 7. (color online) The calculated partial density of
states (PDOS) for C, O, H and Zn atoms in MOF-5.
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B KRN T 7.83%, T C2—C3 4 i B A Ik /s
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MOF-5 b R 11 H 2% P 5 7= AR B 2 1 52 . 2 B
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L

F 2 MOF-5 Hr 3B - e A7 i i 1 38 1) 384k
Table 2. Variation of covalent bond with the applied strain of MOF-5.

e=-0.1 e =-0.05 e=0 € =0.05 e=0.1
1.378 1.431 1.571 1.639
C1—C2 1.495
(—7.83%) (—4.28%) (+5.08%) (+9.43%)
1.383 1.390 1.413 1.419
02—C3 1.401
(—1.28%) (—0.76%) (+0.86%) (+1.28%)
1.080 1.084 1.089 1.090
C3—H 1.087
(—0.64%) (—0.27%) (+0.18%) (+0.27%)
1.253 1.265 1.285 1.288
C1—02 1.276
(—1.80%) (—0.86%) (+0.71%) (+0.94%)
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Abstract

Metal-organic frameworks (MOFs) have attracted a great deal of interest from both academia and industry due to
their extensive potential applications. The tunable physical properties through the manipulation of composition have
led to increasing attention to the exploration of the MOF applications. However, the tunability of physical property of
MOF with external mechanical load, which usually steams from actual fabrication and application processes, has been
rarely investigated. Here, ab initio (first-principles) density functional theory calculations are performed to investigate
the mechanical, electrical properties and strain engineering of a typical metal-organic framework, MOF-5. Preliminary
calculations by using different pseudopotentials and cut-off energies are performed to verify the adopted critical param-
eters in subsequent simulations. Both the structural stability of MOF-5 and the effect of applied strain are investigated
from an energetic point of view. With the increase of applied strain, the cohesive energy of MOF-5 decreases, inducing
the reduction of structural stability. In addition, the variation of cohesive energy of MOF-5 shows an asymmetry under
expansive and compressive conditions. By applying strain along different directions, the mechanical properties of MOF-5
are systematically investigated, and mechanical constants including Young’s modulus, Poisson ratio and elastic constants
are obtained. In addition, by analyzing the band gap of MOF-5, the intrinsic electrical property of MOF-5 is clarified.
The band gap of MOF-5 is 3.49 eV, indicating that MOF-5 is a wide bandgap semiconductor, which is represented by the
combination effect of both [ZnsO]°" metal clusters and organic linkers. Analysis on the strain engineering of electrical
properties of MOF-5 reveals that the applied strain induces the decrease of band gap of MOF-5, and thus leading to
the increase of conductivity. This transition is induced by the decrease of conduction energy-level. Further studies on
the variations of PDOS and covalent bond show that the strain engineering of electrical property of MOF-5 intrinsically
originates from the variation of covalent bond in the organic linker. The applied strain apparently weakens the covalent
bond, and thus inducing the relaxation and redistribution of electrons, which increases the activities of electrons, and
finally leads to the overall increase of conductivity of MOF-5. This theoretical study quantitatively clarifies the tunability
of electronic band gap of MOF-5 with external strain, and provides a theoretical guidance in the design optimization

and property evaluation of gas sensors based on MOF-5.
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