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Development of carbon-based solid acid with nanotube structure
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Protonated titanate nanotubes with an inner diameter of 6 nm were successfully
synthesized by hydrothermal treatment of Ti0O, with NaOH and subsequent proton exchange.
This material exhibited much higher catalytic activity that conventional solid acid
catalysts such as zeolite and ion—exchange resins. Friedel-Crafts alkylation proceeded
effectively over protonated titanate nanotubes at room temperature. The remarkable
catalytic performance is due to the synergetic combination of Brensted and Lewis acid
sites.
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Fig. 1 (a) SEM and (b) HRTEM images of the
protonated titanate nanotubes. (c) Enlarged HRTEM
image of (b). SEM images of titanate nanosheets
with a (d) monoclinic or (e) orthorhombic crystal
structure.
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Fig. 2 XRD patterns for titanate materials.
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Fig. 3 Pore size distribution for titanate materials.

Table 1 Friedel-Crafts Alkylation over various
titanate materials®

: -1
Surface area__ACid amount [mmol g”] Yield ~ TOF
Catalyst P oy .t
m~g7] Bronsted acid  Lewis acid [min"]
Titanate nanotube 400 0.10 0.25 92.0 7.3
Titanate nar_w_sheet 75 0.03 0.12 76 0.7
(monoclinic)
Titanate nanosheet
(Orthorhombic) 106 0.05 0.16 7.6 0.5
Layered tlt_a_nate 5 } ; o 0.0
(monoclinic)
Layered titanate
(orthorhombic) 16 ) ) 0 0.0
TiO, (anatase) 300 - 0.13 0 0.0

[a] Reaction conditions: catalyst (0.2 g), toluene
(0.1 mol), benzylchloride (0.02 mol), reaction
temperature 300 K, reaction time 4 h.
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L: Lewis acid
B: Brensted acid
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Fig. 4 FT-IR spectra of pyridine adsorbed on titanate
materials.
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Fig. 5 FT-IR spectra of CO adsorbed on (a) titanate

nanotube and (b) titanate nanosheet.
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Figg 6 P MAS NMR spectrum for
trimethylphosphine oxide-adsorbed titanate
materials.
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Fig. 7 Reaction mechanism for Friedel-Crafts
alkylation of toluene with benzylchloride on the
protonated titanate nanotube.
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Fig. 8 Time courses of benzyltoluene formation using
various solid acid catalysts. Reaction conditions:
catalyst (0.2 g), toluene (0.1 mol), benzylchloride
(0.01 mol), reaction temperature 373 K.
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Fig. 9 Time courses of benzyltoluene formation using
various solid acid catalysts. Reaction conditions:
catalyst (0.2 g), toluene (0.1 mol), benzylchloride
(0.02 moal), reaction temperature 300 K.
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