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ABSTRACT : In order to have better insights into adsorption of organic molecules on kaolinite
surfaces, we performed quantum chemical calculations of interaction between three different model
clusters of kaolinite siloxane surfaces and benzyl alcohol, with emphasis on the effect of size and
laitice topology of the cluster on the variation of electron density and magnetic shielding tensor. Model
cluster 1 is an ideal silicate tetrahedral surface that consists of 7 hexagonal rings, and model cluster 2
is composed of 7 ditrigonal siloxane rings with crystallographically distinct basal oxygen atoms in the
cluster, and finally model cluster 3 has both tetrahedral and octahedral layers. The Mulliken charge
analysis shows that siloxane surface of model cluster 3 undergoes the largest electron density transfer
after the benzyl alcohol adsorption and that of model cluster 1 is apparently larger than that of model
cluster 2. The difference of Mulliken charges of basal oxygen atoms before and after the adsorption is
positively correlated with hydrogen bond strength. NMR chemical shielding tensor calculation of
clusters without benzyl alcohol shows that three different basal oxygen atoms (03, O4, and O3) in
model cluster 2 have the isotropic magnetic shielding tensor as 228.2 + 3.9, 228.9 + 3.4, and 2223 =
3.0 ppm, respectively. After the adsorption, the difference of isotropic chemical shift varies from 1 to
5.5 ppm for model cluster 1 and 2 while model cluster 2 apparently shows larger changes in isotropic
chemical shift. The chemical shift of oxygen atoms is also positively correlated with electron density
transfer. The current results show that the adsorption of benzyl alcohol on the kaolinite siloxane
surfaces can largely be dominated by a weak hydrogen bonding and electrostatic force (charge-charge
interaction) and demonstrate the importance of the cluster size and the lattice topology of surfaces on
the adsorption behavior of the organic molecules on clay surfaces.

Key wonds : kaolinite, benzyl alcohol, quantum chemical calculation, model cluster, lattice topology,
Mulliken charge, magnetic shielding tensor
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Fig. 1. A fully optimized benzyl alcohol molecule
cluster. Dihedral angle (£ O-C-C-C) is almost 0.
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Fig. 2. Optimized structures of adsorption of a benzyl alcohol molecule on siloxane surfaces of (A) model
cluster 1, (B) model cluster 2, (C) model cluster 3, and (D) octahedral side of model cluster 3. Dashed
eclipse in each figure is for indicating the location of an adsorbed benzyl alcohol molecule.
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Table 1. Binding energies (kJ/mol) between each model cluster and a benzy! alcohol molecule

1 2 3 3 (octahedral side)
HF/6-31G 63.3 63.8 77.0 89.9
B3LYP/6-31G 29.7 30.7 40.9 52.5
B3LYP/6-31G (d) 17.4 18.5 25.6 46.0
B3LYP/6-311+G (2d,p) 8.6 9.6 (not obtained) (not obtained)
Table 2. Sum of Mulliken charges of atoms in J7|& Bd ZZAH 39 AHA & > 29

each model cluster (not including benzyl alcohol,
electron density transfer (me))

1 2 3
System transfer -23 -22 -26
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Fig. 3. Mulliken population analysis results for model cluster 1, 2 and 3 with benzyl alcohol. Numbers on
each atom indicate the differences of the Mulliken charges (me) with and without benzyl alcohol.

of WA welet F4tE S Ae-A3 A& F Table 3. Average isotropic magnetic shielding ten-

Lo o3 oF3 AAYA o] ZAYE A A sor of basal oxygen atoms indicated by each color

Ein=s Model Cluster 1 Model Cluster 2

(ppm) (ppm)
Xt7] XtH HA Red 2362 + 1.5 2289 + 3.4 (0O4)
Blue 2283 £ 09 2282 + 32 (03)

¥ 3% 9 49 A, C= 2 23 2H 13 Green 2390 + 1.8 222.3 + 3.0 (05)

29 gradl e WA $2g §A AL v 0 00 _

A71 ¥ A4 AHGE RYFEY 7Y Y2 ' '

B39 A7) Ad AAE AN o YR 5 MasRed o 2B2205 ‘

N AFNE dx Z P Wd gae 32 A ¢ Black 2955 £ 0.6 2926 + 2.7

54 Z 2 19 A9, FAE = 399 4 Apical Oxygen 2683 + 7.2 2626 = 54

a5 2Y2H XU FHOEREHY At

%8 AAE71d §AS 9 A7) A9 @ 2] ¥ B o= ZHz ¢k 7

A RES ZED I8 49 AdA 4G 5 74 ppmlE HWA F XolF Ho ]‘—C—

w09 714 HaBd gate FH02RE s AT 2L 15 pmoE M 7 e

e SLERE B A, S w3,

oz TAYo, wiian HeA By wd 42e 4 49 v 2e2H 2= 7

I =4, 543 B os wAE IF9 § 0 AY 5 2dY AATH A (03, 04, 05)°ﬂ
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Fig. 4. Isotropic magnetic shielding tensor of oxygen sites in model cluster 1 with (A) and without (B)
benzyl alcohol, and model cluster 2 with (C) and without (D) benzyl alcohol. Numbers refer to 'O
chemical shielding (ppm). Each color refers to a group which has similar isotropic shielding (ppm). In
figure (C) and (D), blue, red, and green colors refer to 03, 04, and O5 oxygen sites, respectively.
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