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Progress on Theoretical Calculation of Kaolinite Intercalation Process
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Abstract: Intercalation is a significant control method to achieve high value of kaolinite. It is important to investigate the
intercalation process of kaolinite for the perspective of atomic and molecular scale and energy. This review represented recent work
on theoretical calculation of intercalated kaolinite, i.e., the intercalation of inorganic and organic small molecules as well as organic

macromolecular. In addition, the future development direction of intercalation of kaolinite was also prospected.
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Table 1 Calculated (B3LYP/3-21G") geometry parameters for free, intercalated and adsorbed DMSO molecule,
experimental data for the intercalated DMSO are also presented
K-DMSO (int)

Geometry parameters” Free DMSO K- DMSO (ads)

Calc. Exp.”! Exp.”"!
d(H—C,)’ 1.094 1.094 1.101 1.09
d(H—C,) 1.094 1.097 1.094 1.09
d(S—C)) 1.841 1.823 1.813 1.80 1.75
d(S—Cy) 1.841 1.828 1.824 1.80 1.81
d(s=0) 1.513 1.547 1.566 1.53 1.55
d(H—Cl—S)b 109.8 108.7 107.6 110
(JV(I-I—CZ—S)b 109.8 108.7 109.2 109
a(C,—S—C») 94.3 97.5 97.4 98.5 100
a(C—S—0) 108.8 107.5 106.2 102 107
¥(C,—Cr—O0—S)° 46.7 45.4 46.3 51

* Bond lengths in A, angles in degrees; ® Average values; © Out of plane.
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Fig. 1 (a) Snapshot of the kaolinite—-DMSO system after equilibrium is reached, (b) Mean square displacement calculated for oxygen
atoms (left) and hydrogen atoms (right) of DMSO, (c) O and T refer to the interaction energies of DMSO with octahedral

surface and tetrahedral surface, respectively!®”
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Fig. 2 Illustration of DMSO intercalated kaolinite with and without the presence of water
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£2 HEMIE RS KGR
Table 2 Calculated and experimental unit parameters and unit cell volumes

System alA b/A c/A al(°) @) 7/(°) Volume/A®
DMSO1/Kaol 5.175 8.927 10.556 90.69 102.16 89.61 476.6
DMSO02/Kaol 5.175 8.950 10.800 89.78 104.35 89.55 484.6
DMSO03/Kaol 5.153 8.936 10.940 89.97 103.60 89.84 489.6
DMSO04/Kaol 5.194 8.950 11.165 92.16 103.18 89.86 500.5
DMSO1/Kaol” 5.184 8.960 11.253 91.55 108.54 89.97 495.4
DMSO02/Kaol® 5.199 8.977 11.774 91.33 108.82 90.07 520.0
DMS04/Kaol” 5.222 8.896 11.761 91.73 108.39 89.85 523.5
DMSO1/1H,0/Kaol 5.148 8.907 10.201 92.76 101.78 89.97 4573
DMSO1/2H,0/Kaol 5.158 8.903 10.276 91.42 99.53 89.63 465.2
DMSO1/4H,0/Kaol 5.134 8.923 10.101 93.90 100.98 90.34 453.1
DMSO02/1H,0/Kaol 5.133 8.907 10.874 96.56 104.62 90.06 471.7
DMS02/2H,0/Kaol 5.147 8.901 11.233 89.41 109.23 89.89 485.9
DMSO02/4H,0/Kaol 5.148 8.909 11.218 89.45 109.25 90.06 485.6
DMSO03/1H,0/Kaol 5.150 8.932 10.898 88.02 104.70 89.98 484.6
DMSO03/2H,0/Kaol 5.153 8.936 11.232 89.97 103.60 89.84 502.7
DMSO03/4H,0/Kaol 5.183 8.977 11.838 89.52 108.20 89.87 5233
DMS04/1H,0/Kaol 5.213 9.016 11.482 91.44 107.34 89.89 515.0
DMS04/2H,0/Kaol 5.194 8.992 12.416 89.84 105.27 89.76 559.5
DMS04/4H,0/Kaol 5.170 8.954 12917 85.72 103.09 90.10 579.4
DMSO/Kaol” 5.203 8.927 11.838 90.902 108.849 89.838

Kaolinite® 5.154 8.942 7.391 91.93 105.05 89.80

Kaolinite 5.175 8.980 7.311 91.79 104.82 89.83 3283

* Calculated results from reference®; ® Experimental results from reference!™; © Experimental results from reference!®. a, b and ¢ are axial lengths of unit

translation vectors along the three crystal axes. a, f, y represent the angle between the three axes (@ and b, a and ¢, b and c), respectively.
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Table 3 Evolution of theoretical calculations of small organic molecules intercalated kaolinite (method, parameter setting
and whether water is considered)

Small organic molecule Computational method Concentration/mol
DMSOR QC(BSSE) 0.25
DMSOP DFT 0.25/0.50/1.00

Computational results

Hydrogen bonds between S=O (DMSO) and kaolinite were indicated.

The most dominant forces in the formation of stable intercalates are the hydrogen
bonds formed between the sulfonyl oxygen atom and surface hydroxyl groups, then the
Weak hydrogen bonds formed between the methyl groups and oxygen atoms of both
adjacent layers. Two endothermic processes are involved in the intercalation processs.

DMSO™ MD

(INTERFACE)

Layer (0.7) DMSO were almost parallel to the base plane with a one-layered arrangement. Both the
two surfaces were attractive to DMSO, and the affinity of octahedral surface to
DMSO is stronger than that of tetrahedral surface.

Potassium acetate!®! MD There were two structural configurations of the kaolinite/potassium acetate intercalate
complexes, corresponding to the experimentally detected ~1.1 and ~1.4 nm basal
spacings. The structure of the 1.1 nm complex was found to include a single layer of
pure potassium acetate species, in which the molecular planes are mostly parallel with
the clay layers. The 1.4 nm complex consisted of a double layer of potassium acetate
species with basically the same orientation as in the first case.

DMSOP”!

DFT-D 0.25/0.50/0.75/1.00 Water molecules significantly promote intercalation of DMSO into kaolinite because

of favorable intercalation energy.
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