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Photocatalytic Performance of HMS Doped with Chromium or
Vanadium for Hydrogen Production in Aqueous Formic Acid Solution
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(State Key Laboratory of Multiphase Flow in Power Engineering, Xi'an Jiaotong University, Xi'an 710049)

Abstract A series of transition metal doped photocatalysts, denoted as M(x)-HMS (here, M represents Cr
or V, x represents the molar ratio of M/Si in the feed reagents and HMS represents hexagonal mesoporous
silica molecular sieves), were synthesized by adjusting the value of x. The HMS materials were character-
ized and analyzed by X-ray fluorescence spectroscopy (XRF), N, adsorption-desorption isotherms, X-ray
diffraction patterns (XRD), ultraviolet-visible diffuse reflectance spectra (UV-vis), high-resolution transmis-
sion electron microscopy (HRTEM) and energy dispersive X-ray spectroscopy (EDXS). The photocatalytic
activity was investigated using high pressure mercury lamp as the light source and the decomposition of
formic acid to produce hydrogen as probe-reaction. Interestingly, the rate of hydrogen production for both
Cr(x)-HM S and V(x)-HM S shows bimodal character which coincidentally corresponds to the x value of 0.01
and 0.05, and it was interpreted in terms of the components and structures of M(x)-HMS.
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Tablel Componentsand structural parameters of M(x)-HMS

Sample HMS Cr(x)-HMS V(x)-HMS

X2 0.000 0.010 0030 0050 0.070 0010 0030 0050 0.070

Y 0.000 0.009 0029 0041 0.065 0014 0039 0068 0.176
Seer’l(m?eg Y 802 874 692 653 647 851 712 678 555

Vpll(em®g ™ 0.705 1425 0349 0122 0.122 1035 0423 0339 0324
W,/nm 33 36 33 —* — 36 32 — —
thoo/nM 48 49 48 — — 5.0 49 — —

@ x: molar ratio of M/Si in the feed reagent; b y: molar ratio of M/Si in the sample; © Sser: BET specific surface area; d V,: mesopore volume and Wy: mesopore size,
both of which were calculated from adsorption branch of N adsorption-desorption isotherms by the BJH method; © dashes indicate that the variables could not be
calculated because of collapse of the HMS materials’ framework; " dioo: (100) interplanar spacing derived from low-angle XRD data.
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Figurel N, adsorption-desorption isotherms of Cr(x)-HMS
The isotherms for (@) HMS, (b) Cr(0.01)-HMS, (c) Cr(0.03)-HMS and (d)
Cr(0.05)-HMS are shifted upward by 400, 300, 200, 100 and 0 cm®sg * STP,
respectively
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Figure2 Low-angle powder XRD patterns of M(x)-HMS
(@ HMS; (b) Cr(0.01)-HMS, (b) V(0.01)-HMS; (c) Cr(0.03)-HMS, (c)
V(0.03)-HMS; (d) Cr(0.05)-HMS, (d") V(0.05)-HMS
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Figure 3 Wide-angle powder XRD patterns of Cr(x)-HMS
(Inset: V(0.07)-HMYS)

(@ HMS; (b) Cr(0.01)-HMS; (c) Cr(0.03)-HMS; (d) Cr(0.05)-HMS; (e)
Cr(0.07-HMS)



326 A

i Vol. 65, 2007
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Figure4 UV-visspectraof M(x)-HMS
(@ HMS; (b) Cr(0.01)-HMS, (b) V(0.01)-HMS; (c) Cr(0.04)-HMS, (c)
V(0.04)-HMS; (d) Cr(0.07)-HMS, (d) V(0.07)-HMS; (€) Cr.0; (Xi'an
Chemica Co.), (€) V205 (Tianjin Medica Co.). None of the samples were
pretreated (dried or dehydrated) before test
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Figure 5 HRTEM images and EDXS of Cr(0.01)-HMS and
Cr(0.05)-HMS

(a) High magnification HRTEM image of Cr(0.01)-HMS, electron diffraction
pattern (inset) and (b) EDXS obtained from a general area of the sample; (c)
high magnification HRTEM image of Cr(0.05)-HMS; (d) low magnification
HRTEM image of Cr(0.05)-HMS containing particles of a darker contrast,
electron diffraction pattern (inset) and () EDXS obtained from a dark particle
of theimage area
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