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Zeolites are microporous crystalline aluminosilicates with fully  mivnu-2 [ hydrophiic supermicropores
cross-linked open framework structures composed of corner-
sharing SiOs2 and AlOa:: tetrahedra. Zeolite A acts as a desiccant
owing to the hydrophilicity caused by the strong electric field
gradient between the sodium cation and zeolitic framework. In
contrast, the pure-silica version of LTA-type zeolites are
hydrophobic, as the micropores are surrounded by siloxane
bonds. Microporous titanosilicates with isolated tetrahedral Ti (oo e
species in the zeolitic framework have been developed as catalysts
for selective oxidation with H202. We prepared [Ti]-MCM-68 and [Ti]-
YNU-2 with MSE-type frameworks as phenol oxidation catalysts,
which exhibit high reactivity and selectivity toward hydroquinone.
In the H20 adsorption-desorption isotherms at 25 °C, [Ti]-MCM-68
had a type lll isotherm, indicative of hydrophobic ultramicropores
(< 0.7 nm), while [Ti]-YNU-2 had a type V isotherm, indicative of
locally hydrophilic supermicropores (0.7-2.0 nm). Si migration in (oans e
the zeolitic framework during steaming treatment results in the
accumulation of the site defects into the 12-ring channels and affords [Ti]-YNU-2 with hydrophilic
supermicropores, which are necessary for high catalytic activity and selectivity.
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Figure 1. (a) lllustration of an LTA framework.
Cation location: (b) site |, (c) site II, and (d) site II.
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Figure 2. lllustrations of (a) SDA 1, (b) SDA 2
and (c) SDA 3.
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Figure 3. (A) N2 adsorption isotherms (—196°C)
and (B) H20 adsorption isotherms (25°C).
Square symbol, [Si]-LTA; circle symbol, Na*/[Al]-LTA.
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Figure 4. H20 adsorption isotherms (25°C) of
(a) H*/[AI]-LTA(25), (b) H*/[A-LTA(250) and (c)
[Sil-LTA.
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Figure 5. lllustration of an MSE framework
with 8 kinds of tetrahedral sites.
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Scheme 1. Formation of a site defect during
dealumination from the zeolite framework.
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Table 1. Oxidation of phenol with H202 over various titanosilicates?

Run Catalyst Ti content? Time TON° Yield? (%)
(mmol g™") (min) Total HQ CL p-BQ
1 TS-1¢ 0.36 10 50 8.4 4.7 3.7 0.0
2  Ti-MCM-68° 0.25 10 150 171 111 5.5 0.5
3 Ti-MCM-68_cal® 0.25 10 272 32.3 22.2 8.3 1.8
4 Ti-MCM-68 0.27 20 220 28.2 15.9 111 1.1
5 Ti-MCM-68_cal 0.27 20 475 60.3 461 1.7 25
6 Ti-MCM-68_cal_w 0.27 20 40 51 1.9 29 0.4
7  Ti-MCM-68 cal_w_cal 0.27 20 360 45.8 31.4 1.7 2.7
8 Ti-YNU-2° 0.18 10 923 74.3 58.4 6.1 9.8

a. Reaction conditions: catalyst, 20 mg; phenol, 21.25 mmol; H202, 4.25 mmol; temperature, 100°C. b. Determined by ICP
analysis. c. Turnover number = (moles of [hydroquinone (HQ) + catechol (CL) + p-benzoquinone (p-BQ)] per mole of Ti site). d.
Product yields based on added H20: after exhaustive acetylation of the products with excess (CH3C0O)20-K2COs, the derivatized
products were analyzed by GC (0.25 mm x 30 m x 1.00 ym DB-1 column; internal standard: anisole; detector: FID). e. Ref. 14.
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Figure 6. H20 adsorption isotherms (25°C) of

(a) TS-1, (b) [Ti]-MCM-68, (c) [Til-MCM-68_cal,

(d) [Ti-MCM-68_cal_w and (e) [Ti-MCM-68 _
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Figure 7. N2 adsorption-desorption isotherms
(=196°C) of (A) [Ti]-MCM-68 and (B) [Ti]-YNU-2.
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Figure 9. t-Plot curves of (A) [Ti-MCM-68
and (B) [Ti]-YNU-2.
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Figure 11. lllustrations of (A) the hydrophobic ultramicropores of [Til-MCM-68 and (B) localized
hydrophilic surface within the supermicropores of [Ti]-YNU-2.
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Table 2. The values of the optimized parameters
obtained from the fitting of model to the experimental
water adsorption data of titanosilicates

Titanosilicate Cus? Se? Kr q K,
u u u

(mmol g™*) (mmol g™")

Ti-MCM-68° 7.26 1.33 17 2(3) 0.8
Ti-YNU-2 5.02 1.33 14 5 60
a. Determined from the micropore volume estimated using the
t-plot method.

b. Estimated from the 2°Si DD MAS NMR spectrum.
c. Pristine Ti-MCM-68 was used.
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