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Figure S1. TG-DTA curves of the LDHs sample (A) NiAl- LDHs;[40] (B) MgFe-LDHs and

evolved gas analysis (H,O and CO5) [42]
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Figure S2. Schematic structures of (A) carbonate-LDH, (B) monodentate-LDH and (C)

bidentate-LDH.

Figure S3. Top views of (A) Ni-carbonate-LDH, (B) Ni-monodentate-LDH and (C)

Ni-bidentate-LDH.
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Figure S4. Top views of (A) Mg-carbonate-LDH, (B) Mg-monodentate-LDH and (C)

Mg-bidentate-LDH.
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Figure S5. the snapshots at 30 ps of the NVT (365, 380 °C respectively) dynamic simulations of

(A) Ni-C-LDH, (B) Ni-Mono-LDH, (C) Mg-C-LDH, (D) Mg-Mono-LDH with AG.
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Figure S6. Free energy along MD trajectory of Ni-carbonate-LDH, Ni-monodentate-LDH and
Ni-bidentate-LDH, respectively.
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Figure S7. Snapshots at 5, 10,15, 20, 25, 30ps of the NV'T (365, 800 °C) dynamic simulations
of (A): Ni-CLDH-1 (B): Ni-CLDH-5 to show the migration of cations and the structure

variations.

Calculation of Gibbs free energy
The Gibbs free energy (G) of a given structure is calcaulated according to the definition:
G=H-TS (1
where T is temperature of the system; H and S represnt the calculated enthalpy and entropy,
respectively.
For solid, the influence of the pressurre on H and S and the translational and rotation
contributions can be neglected, thus H and S are determined by eqs 2 and 3:
H(T)=E¢iectEzpet+Evin(T) )
S(T)=SconttSvib(T) 3)
where E 1s the total electronic energy of the system at 0 K; Ezpg is the zero-point vibrational
energy which is a linear sum of the fundamental harmonic frequencies; Eyiy(7) is the vibration

contribution; Sconr and Syip(7) are the configurational and vibrational entropy, respectively.
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According to statistical mechanics, the vibrational partition function

I
= z 4
v = 21 exp(—hv, /kT) @)

Thus the Ezpg and vibration energy Eyib, using the harmonic oscillator approximation, at

the temperature 7 are caculated as:

R1
Epe :;Ezhvi ()

i

"™ k4 1—exp(=hv,/kT)

R 5y hv,exp(=hv,/kT) (6)

where k is Boltzmann’s constant; R is the ideal gas constant; v; is the i-th normal vibration
frequency; 4 is Planck’s constant.
Seconf and Syin(7) are defined by eqs 7 and 8, respectively.

S =—RN,(X,InX, +X,InX, +X,InX,) (7)

conf

S (T)= Rz hv, | kT exp(=hv, / kT)
v —  l—exp(=hv,/ kT)

RZlnu—exp(—hv,. / kT)] (8)
where, Nt is the total moles of species; Xa, Xw and Xy are the mole fraction of anion, water
molecule, and vacancy, respectively.

For the gas molecules, the translational and rotation contributions must also be considered.
Thus the enthalpy in the ideal gas approximation is given by

Hy(T)=Eeect Ezpet Evin(T)FErol 1)t Evrans(T)+RT )

where FEyans(7) is the translational enthalpy; E.(7) is the rotational enthalpy. They are

equivalent to 3/2RT, and R is the gas constant. RT is equivalent to the pJ term, that is necessary

to obtain the enthalpy of a gas.

The entropy of gas in this study is calculated as
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Sg(D: Strans(paj) J’_Srot(T) +SVib(D (10)
where Sians(7) 1s the translational entropy; S;i(7) is the rotational entropy, respectively.

The translational and rotational partition functions are

N 27aMkT ’
9 vans = T (11)
NN S
and ¢, =( A BC J{&;Zk T} (non-linear molecule) (12)
o
Thus the translational entropy and rotational entropy are determined by

2aMkT | kT
Syans (2, T) =k ln{ : } —t+5/2 (13)

h p

(7[] ] I 2 3/2

Smt(T)—k{ln[ P (87;2”] +x (14)

where /5, I4 and Ic are the moments of inertia of the molecule; 4 is Plank constant; o is the
symmetry number; x equals 3/2 for water and 1 for COy; p is 0.1 MPa and M is the molecular

mass.
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