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Theoretical Studies on Supra-molecular Interaction between Host
Layer and Halide Anion of Layered Double Hydroxides
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Abstract An interaction model between the host and the guest of layered double hydroxides (LDHs) is proposed.
The structure parameters and vibration frequencies of LDHs are calculated using density functional theory B3LYP
method at the 6-31G(d) level, and the interaction energies are evaluated with the B3BLYP/6-31G(d) and B3LYP/6-311++
G(d, p) methods, respectively. The supra-molecular interaction between a host layer and a guest anion has been
investigated by analyzing the geometric parameters, charge population, frontier orbital, interaction energy, and
thermodynamic parameters. The results show that the binding process of the host layer and halide anion is spontaneous.
There is a strong supra-molecular interaction between the host layer and a guest anion F~ or Cl~. The host-guest
interaction energies of Mg,Al(OH),; :F~ and Mg,Al(OH) ; :Cl™ are —592.45 and —444.01 kJ - mol™, respectively. Supra-
molecular interactions are resulted mainly from the electrostatic interaction and the hydrogen-bond. The frontier orbital
of the host layer interacts with that of the guest anion, and the electron is transferred from HOMO of halide anion to
LUMO of the host layer. Moreover, MgsAl(OH);;:F~ is more stable than the Mg,Al(OH),;:Cl".
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Table 1 Optimized geometric parameters of LDHs

Geometry Layer Layer:F~ Layer:CI-
Al(1)—0(2) 0.1952 0.1952 0.1937
Mg(14)—0(2) 0.2070 0.1978 0.1997
Al(1)—Mg(14) 0.2994 0.2982 0.2916
Mg(11)—Mg(14) 0.3057 0.3102 0.3116
Mg(14)—Mg(15) 0.2990 0.2933 0.2955
O(2)—H(22) 0.0967 0.1019 0.0996
H(22)---X(36) - 0.1511 0.2105
O(2)—H(22)---X(36) - 155.5 156.9

X denotes CI, F-; Layer denotes MgsAl(OH);, ; bond length in nm, bond

angle in degree
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Table 2 Atom charges and Mulliken bonding population
of LDHs (e)
Atom Layer Layer:F~ Layer:CI”
Al(1) 1.4718 1.4671 1.4898
0(2) -0.8824 -0.9631 -0.9318
H(22) 0.4626 0.4699 0.4518
Mg(14) 1.0330 1.0153 1.0271
X(36) - -0.5305 -0.6552
Layer 1.0000 0.5305 0.6552
H(22)---X(36) - 0.1058 0.0979
0O(2)—H(22) 0.2430 0.1243 0.1701
Al(1)—0(2) 0.1264 0.1005 0.1121
Mg(14)—O0(2) 0.1309 0.1527 0.1447

X denotes CI-.F-; Layer denotes Mg Al(OH);;
0.1309 e, I JZMR 142 @ o 75 BRI 2 ] B i -4
Ah, AR BRI R,
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Table 3 Interaction energy and thermodynamic parameters of LDHs
Structure AE/(kJ-mol™)  BSSE(kJ:-mol™) ZPEC(kJ-mol™) AEczec/(kJ mol™) A HS/(kJ+mol™) A.S5/J-mol™-K™") A GZ/(kJ-mol™)
Layer:F~ —798.40 198.97 6.98 -592.45 -595.80 -122.37 -559.31
Layer:Cl” -480.32 32.12 4.19 -444.01 -445.44 -108.43 -413.11

RPLERERZE T L CI 0.1532 Hartree, [H1fij LDHs
FRZRE FHUEM BAE AR, TR E£-& 1K
TR R TR E.

24 FEEHEEIERARURRNESE

£ B3LYP/6-31G(d)/KFF, i1, 2, 3)I15 1%
F| T Layer: FHl Layer: Cl-3= & {4 [a] A 5.4 FH GE LA
RS2 500, 5 A 3. 4 BSSE Ml ZPE K IE )5,
LDHs J2H 5 &+ (F-, CIORIA BAE FHE AEc e
4391k -592.45 F1-444.01 kI -mol™. J 1, BSSE £
EAEA 518 198.97 F1 32.12 kI mol™, &5 4 T K 1E |
AEHE MY 24.9% 1 6.69%, FIT L H 4 FE 2118 LDHs
F KA BAE A RERT, 61T BSSE KL IE &k & b2
1. A6, 1 B3LYP/ 6-311++G(d, p)ITH 15514 &
FARFHE A FHAE 23 51 —-599.01 F1-433.45 kI -mol™,
5 B3LYP/6-31G(d) 153 2& BSSE #% 1E Fir 15 1 A
HAEFRE K /IMELE, BT LLR FIB3LYP/6-31G(d) 1144
LDHs % 1AM HAF T HE (%4 BSSE £ IE) & Al FE1Y.
It H., Layer:F-F &40 i AH BAE FIRE L Layer: CIfi%
148.44 kI -mol™, Xi5#] LDHs JZ2# 5 FH/E M He#x
5, A B Layer: FAOE SRR ERGE.

THEAF 2 AGR 4531 H-559.31 FI-413.11 kJ -
mol ™, J 48 XHE Fli 5 < 2 1 A2 3 i s/, v &
G A AR FEAR. Miyata P SLE 15
T LDHs X Fy# 2 B2 & F Cl, 54
LDHs FA&)ZM 5 G 2 B & I 22 28000
gE A —80 I H, AHSF ASS T, PR EARJZ M
BA W EAE TR F AR, MIEmAL 2
AR, (HEEG 451 AGS N G, Bf A EMZE R
G FE AR

3 & i

FH#ERE1Z bR 5T T LDHs ER2 5 K 2%
[ 85— ) R 4 F-VE L A5 T LR 4538: (1) LDHs
FHERE AW RHEFE, ChHe— KR,
I HARKS 2 FRAFIR, MRS FRRAFIR. (2)
LDHs 1) 3 &R B AF A5 B 8 o TR, %
AL FE T L R B E . E R R BAE R B8 AEC e
39 -592.45 F1-444.01 kJ -mol ™', ¥t B IE i A9
Mg Al(OH);,: F %5 H Mg Al(OH);:: CIf4 5. (3) LDHs

EMERS )R B T RTAUE R AR, TR
S5 i 2 B F-) HOMO [ 22 ) LUMO 54 %5.
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