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Theoretical Calculation on the Structure and Vibratioanl Spectra of
Framework Titanium Located in Sinusoidal Channel of Ti-MWW

LI Na JIANG Yan-Jiao QIAO Yi-Ming ZHOU Dan-Hong*
(College of Chemistry and Chemical Engineering, Liaoning Normal University, Dalian, Liaoning 116029, China)

Abstract: Density functional theory was applied to study the structure and vibratioanl spectra of framework
titanium located in the 10-membered ring channel of Ti-MWW. The calculations were carried out at B3LYP/6-
31G(d,p) level of theory based on the 36T cluster models, leading to the results that the [Ti(OSi),] species prefer
to locate at the T3 site. The stretching vibrations correlated to [Ti(0Si),] occur between 924~987 ¢m™, including
three vibrational modes as the collection of asymmetric stretching motions of four Ti-O-Si centred on tetrahedral
Ti(IV) center, in which the strongest band at 958 ¢cm™ is attributed to the Ti-specific vibrational frequency. The
960 cm™ band is absent from the Ti-species at the T2 and T8 sites. Adsorption of H,0 on Ti(OSi), has no influence
on the 960 ¢cm™ band. The hydrolysis of [Ti(0Si),] resulted in [Ti(0Si);OH], showing the Ti-specific vibrational
frequency shifted to 969 em™. In addition, we also explored the structures and vibrational spetra of framework

boron and hydroxyl nest. The calculated frequencies are in good agreement with the reported experimental values.
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Table 1 Geometric parameters for T(OSi), in the optimized T3@36T model with relaxation of 2L, 3L

and 4L framework atoms and the vibrational frequencies (scaled by 0.961)

Vodel d(T-0" / nm d(T-Si?) / nm W(T-0-Si) / e

T3-011  T3-012  T3-012 T3-013 T3-Si2 T3-Si3 T3-Si3 T3-Si3

Ti-2L 0.1714 0.1727 0.1727 0.173 5 03060 03155 03155 03111 1122 1129 1243

Ti-3L 0.1748 0.1773 0.1774 0.173 9 03039 03063 03060 0.3360 983 993 1 020

Ti-4L 0.1753 0.1778 0.1777 0.176 5 03018 03035 03036 0.3376 952 958 999

Si-2L 0.1588 0.1591 0.1591 0.160 2 03046 03108 03109 0.3036

Si-3L 0.1595 0.1607 0.1606 0.159 4 03031 03061 03075 03127

Si-4L. 0.1609 0.1618 0.1618 0.1610 02951 02991 02988 03223 1 088 1110 1126

B(H)-2L 0.1888 0.1379 0.1379 0.1410 03379 02900 02898 0.2816

B(H)-3L 0.1833 0.1382 0.1383 0.1406 03323 02883 02878 0.2829

B(H)-4L 0176 6 0.1396  0.1395 0.1410 03166 02798 02804 0.2973 931 934 1281
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Table 2 Calculated Ti/Si and B(H)/Si substitution energies based on the models with different constrains

kJ+mol™
JAY - AV
Model-2L Model-3L Model-4L Model-2L Model-3L Model-4L
T2 130.58 68.32 47.45 0.54 3.85 13.35
T3 123.80 59.66 34.69 11.67 9.04 13.35
T8 104.22 121.80 73.97 13.35 -33.14 -27.45
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