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Figure 1

XAFS (X-ray absorption fine structure) spectra were measured bc):/onflguratlon of the fluorescence spectrometer.

using the fluorescence spectrometer for the emitted X-ray from

sample. The chemical shifts betweer? @nd Ctiand between ¢ in lzumi et al. (2000). Multichannel control was for more precise
and CY' were evaluated. Tuning the fluorescence spectrometer fgtermination of crystal and detector positions compared to the
each energy, the €and CU site-selective XANES for Cu/ZnO spectrometer by Stojandt al. (1992).
catalyst were measured. The first one was similar to the XANES of Sample was placed on a plane tilted from horizontal plane and
Cu metal and the second one was the 5 : 5 average of XANES fy¢ Rowland circle was in the vertical plane. The top surface of
CU sites + Cu metal. The population ratio of copper site of théample can be tilted by micrometer to the direction of the incident X-
Cu/ZnO catalyst was found to be Cu metal ;@u Cu atomically ~ ray from the horizontal plane (angl Fig. 1) and also to the
dispersed on surface = (#03) : 22+14) : 8@x5). Site-selective direction perpendicular to incident X-ray and in the same horizontal
XANES for Ct" site of Cr/SiQ catalyst was also studied. plane (angle; Fig. 1). The angleB and was 6 - 13and 7 - 13
during measurements.

Cylindrically-bent Johansson-type Ge(111) crystal [50()
25(V) mnf, R = 220(x1) mm, Crismatec] moves in tialirection
and rotates by PC control. The geometry of small angl8saofly
. is superior to the geometry of beam entranc® aid exit 458 in
1. Introduction . . . . .

terms of signal/noise ratio. A receiving slit was placed between

When XAFS spectroscopy is applied to sample which consists 0sfample and bent crystal, 100 mm apart from the sample (slit 1; Fig.

morg thgn one kind of site, obtained information is the.average f(lé The Nal(TI) scintillation counter (SC, SP-10) and the slit 2 move
all sites in the sample. Heterogeneous catalysts are typical examplés

) . . ) IN"y- and zdirections and rotate by PC control. The centers of
that consist of several kinds of sites. To overcome this problem, a .
) sample, bent crystal surface, and slit 2 were always on the Rowland
fluorescence spectrometer was designed to analyze fluorescence X-

) circle during spectrum scan. Independent control of these positions
rays from samples in the XAFS measurements. XAFS spectra Wle||
be site-selective (selection of species or state for the X-ray absorbira
atom) when the fluorescence spectrometer is tuned todher K3

peak energy corresponding éach site based on the chemical shift

of each site. by the adjustment of micrometers fqry, z, and rotation around the

Supported Cu/ZnO catalysts consist of several sites BfaBd . . . .
| . . . axis in the crystal surface and perpendicular tdthetation axis of
Cu under the reaction conditions of methanol synthesis. Supporte[:)d

) . , ent crystal.
Cr/SiO, catalysts consist of monochromate, dichromate, and

polychromate C! species, the corresponding reduced species, and .
2.2. Sample preparation

a-Cr,0; like phase. In both cases, it is important to obtain L
independent local structure and electronic state information for each A Qu/ZnO catglyst was prepared by the cq-preupltatlon'method
site to understand the surface catalytic process. Flzuml & Nagamori, 2990). Copper gnd zinc r.utrates were dlssolyed
in water, and co-precipitated by adding a sodium carbonate solution.
Filtrated and washed powder was dried at 393 K and calcined at 623
) K. The Cu content was 5 wt%. The sample was heated B3+

2.1. Design of fluorescence spectrometer kPa) at 523 K and in CO (27 kPa) + K27 kPa) at 523 K. A

A Johansson-type fluorescence spectrometer (Fig. 1) was designgfsjo, catalyst was prepared by the incipient wetness method
to realize higher Bragg angle reflection 55.6 - 83dbe applicable  (jzumi & Nagamori, 2000). A Cr@solution was reacted with SjO

to many fluorescence lines @and K3 of K - As) by frequently-  (Davison 952). The Cr content was 15 wi%. The sample was
prepared Ge or Si crystal-face diffractions, such as (333), (440), evacuated at 293 K and interacted with ethanol (10 kPa) at 373 K.

(800). The details of the fluorescence spectrometer were describethus-activated catalysts were transferred toirasitu Pyrex cell

Keywords: site selective, XAFS, fluorescence
spectroscopy, energy resolution, active site

nabled free choice of Rowland radii 127.7 - 240.9 mm. The
8nfiguration in Fig. 1 effectively focuses the divergence which
originated from the incident X-ray beam, polarized horizontally.

Additional optimization of X-ray intensity at SC was carried out

2. Experimental
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capped by Kapton windows. The activities of catalysts werslit length (vertical) of slits 1 and 2 (Fig. 1). The FWHM was as

reproduced after use for site-selective XAFS measurements. small as 3.0 eV when the sizes of slits 0 — 2 were 2.9H)(V),
8.0(H)x 0.5(V), and 8.0(HX 0.5(V), respectively.
2.3. Emission and XAFS spectrum measurements Figure 2 illustrates the Cu Kemission spectra for Cu/ZnO

The Cu Kt and Cr K3 emission spectra and the Cu and Cr K-catalyst activated in CO +;Hat 523 K. The I, peaks shifted by
edge site-selective XAFS spectra were measured at the Undulate)-9 €V, from Cu metal. The shift corresponds to <ite, however,
beamline 10XU of SPring8 (Proposal Nos. 1999B0220-NX-np anwider peak width (4.0 eV for Cu/Zn@s.3.5 eV for Cu metal; Fig.
1998A0295-NX-np) and Bending magnet beamline 7C of KEK-PF2) suggests the Cu/ZnO consists of’Gand Cl sites and the
(Proposal Nos. 99G060 and 98P025). In both beamlines, Si(11&ission spectra were the convoluted peak.
double crystal monochromator was used. Qu &mission was Cr KB emission spectra were measured for Cr metaD£and
monitored with Ge(444) reflection. The excitation energy wa¥zCrOs;. The peak top and FWHM was evaluated based on the
9000.1 eV. Spectrum scan step was DdfiBragg angle0.5 ev) fitting with two Gaussians for main and weaker shoulder peaks. The
and an emission spectrum consists of 80 steps. Accumulation tii®: Peak energy shifted by +0.8 eV on going frofi ©rCr" and —
of a step was 60 s. CrfKemission was monitored with Ge(333) 1.6 eV on going from CF and C¥'. The KB peak of Cr/SiQ
reflection. The atomosphere in acrylic house, which covergatalyst interacted with ethanol shifted by +0.6 eV from Cr metal,
completely the spectrometer, was purged with helium.  Theuggesting the €fsite was major in the reaction condition.
excitation energy was 6020.9 eV. Spectrum scan step wasdf.01  The energy resolution of this fluorescence spectrometer equipped
Bragg angle 0.3 eV) and an emission spectrum consists of 12@vith bent crystal was estimated based on the formula by
steps. Accumulation time of a step was 60 s. Georgopoulos & Knapp (1981). The energy resolution is calculated

Site-selective Cu K-edge XAFS spectra were measured by tunig§ be 2.5 eV under the condition that the Qu leak width was 3.0
the fluorescence spectrometer at 8046.6 8Y £ 70.654) and €V. The slit size effects were larger than those of Rowland radius
8050.9 eV @z = 70.567) for Cu/ZnO. The accumulation time of a and X-ray penetration depth into the bent crystal. The convolution
step was 10 - 100 s, and the summation of several good spectra wef#h the lifetime width for Cu i 2.11 eV is=2.4 eV, smaller than
done. Site-selective Cr K-edge XANES spectra were measured Byperimental FWHM 3.0 eV. In the case of CB,Kpeak, the
tuning the fluorescence spectrometer at 5947.568g\ (73.218) for convolution of theoretical energy resolution 1.8 eV and lifetime
the Cr/S|Q The accumulation time of a step was 60 s. width =1.1 eV is=1.5 eV. Thus, the difference of tune energies of
site-selective XAFS should be taken larger than the chemical shift
3. Results and Discussion (Fig. 3). 67 and 71% of site selection is expected for Cu and Cr K-

edge, respectively. The site selection increases as the energy

3.1. Chemical shift and line width of the emission spectra ution is i d and the ed q 4 soft X
Cu Ka emission spectra were measured for Cu metal, CuCl, amrgSO ution is improved and the edge energy decreases toward soft X-

CuCl. The peak top and FWHM (full width at a half maximum) rays.
was evaluated based on the fitting with a Gaussian for each peak of
Cu Ko, CrKp,

1000 ! Core hole lifetime width 2.11 eV CrK core hole lifetime width 1.08 eV
Resolution 3.0 eV Resolution 3.5 eV
800 4.3 eV 4.3eV
11 T T «—>1BeV ] 1|
E / 4
g 600 0.8
=
G 0.6}
g 400 0.4;
L=
0.2r 1
200 ,, i
0* ‘ . : 6 -4 -2 0 2 4 6 6 -4 20 2 4 6
8045 8050 8055 Relative Energy / eV
Emission Energy/eV Figure 3
Figure 2 The estimation of site selection of CwK(left) and Cr K3, (right). Two

Cu Ka; emission spectra for activated Cu/ZnO catalyst (a) and Cu metal (tg.mi_ssion peaks (Gaussian) separated by 4.3 eV and two peaks of core hole
The experimental data are plotted as points and the Gaussian fittings thlme width (Lorentzian) separated by 1.6 eV are drawn.

drawn as solid lines. Two arrows indicate tune energies for site-selective
XAFS measurements. 3.2. Site-selective Cu K-edge XANES

The conventional fluorescence XANES spectrum for the Cu/ZnO
Ka, and Ka, and flat background. The peak top energy shifted bgatalyst (Fig. 4c) did not have a shoulder at 8988 eV nor a peak top
+1.6 eV on going from Cuito CU and by —0.6 eV on going from Cu at 9000 eV, which were typical for CuO (Fig. 4h). Hence, site-
to CU' both for Ko, and K, peaks. The HWHM values varied selective XAFS of Cuiand Cliwere measured. The tune energies
according to the changes of slit length (horizontal) of slit 0 and ofvere 8046.6 and 8050.9 eV, as arrows in Fig. 2.
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Figure 4
Site-selective XANES spectra for Cu/ZnO catalyst tuned to 8046.6 eV (a) and to 8050.9 eV (b). Conventional XANES spareCfdc); Cu
metal (d), CeO (e), [Cu(tepa)][BP§ (f), and CuO (h). XANES for Clatomically dispersed on ZnO generated by FEFF8 (g).

1998; Rehret al, 1991). The theoretical XANES was similar to

3.0 . . XANES of model complex [Cu(tepa)][BFh(tepa = N(CHCH,-2-
e .-’\\ pyridyl)s). The fit was evaluated basedRn
25+ g . . N2 2
B = [Ix(ex) = x(fit) dE/ [lx(ex|"dE
20| Lo ] Conventional XANES was best fitted with 7 : 3 mixture of Cu

and Cl site-selective XANES. Cuand Cl site-selective XANES

Normalized intensity

1.5+ were best fitted with 8 : 2 mixture of XANES for Cu metal +QGu
and 50 : 25 : 25 mixture of XANES for Cu metal +,0u+ CU site

1or i atomically dispersed on ZnO, respectively. Hence, the Cu site ratio

osl | is estimated to be Cu metal : £u: CU atomically dispersed on
ZnO = 7Q+23) : 22+14) : §(#5) for activated Cu/ZnO catalyst.

0t i

3.3. Site-selective Cr K-edge XANES

Site-selective Cr K-edge XANES for Cr/SiOnteracted with
ethanol was measured by tuning the fluorescence spectrometer
5947.5 eV (Fig. 5a). The XANES pattern is similar to that gOgr
Figure 5 (Fig. 5¢). Based on the pre-edge peak intensitp@893 eV for Fig.
Site-selective  XANES spectra for Cr/SiOcatalyst. Fluorescence 4a, b, and d, site-selective XANES consisted of a contribution of
spectrometer was tuned to 5947.5 eV (a). Conventional XANES for Qr/SiC§4(t3)% from the C} site, whereas the conventional XANES (Fig.
(b), CrO; (c), and KCrO (d). 4b) consisted of 782)% of the C}' contribution.

1 1 1 1
5060 5980 6000 6020 6040 6060
Energy (eV)

The site-selective XANES tuned to 8046.6 eV (Fig. 4a)
resembled the XANES of Cu metal (Fig. 4d). The rising- edg%u
position shifted to higher energy for site-selective XANES tuned t%e
8050.9 eV (Fig. 4b) compared to Fig. 4a, demonstrating the
contribution from the Cusite. The peak top position at 8984 eV
was the same as that of Qu(Fig. 4e). The region of 8993 - 9008 References
eV was intense, similar to the case of,Guthough the peak split Ankudinov, A. L., Ravel, B., Refr, J. J., and Condradson, S. D. (19883

R 7 757
into two peaks. The peak position 9028 eV was the same as that o ev. BS8, 7565 - 7576.
Georgopoulos P. and Knapp, G. S. (1981 7ppl. Crystallogrl4, 3 - 7.
Fig. 4d (Cu metal).

Izumi, Y. and Nagamori, H. (2000ull. Chem. Soc. Jp73, 1581 - 1587.

Based on obtained site-selective spectra (Fig. 4) and th?um Y., Oyanagi, H., and Nagamori, H. (200B)ll. Chem. Soc. Jpi73,
estimation of site selection (Fig. 3), the conventional XANES (Fig. 2017 -2023.

4c) was fit by two site-selective XANES, and site-selective XANESRehr, J. J., Mustre de Leon, J., Zabinsky, S. I., and Albers (199&)n.
was fit by standard spectra in Fig.4d - h. Note that the XANES of Chem. Soc113 5135 - 5140.

CU site atomically dispersed on wurzite ZnO(0001) surface (Fig. 4¢dtojanoff, V., Hamalainen, K., Siddons, D. P., Hastings, J. B., Berman, L. E.,
was generated by FEFF8 for a model cluster within 6A from the Cu Cramer, S., and Smith, G. (199Rev. Sci. Instrun63, 1125 - 1127.

center in a SCF and multiple scattering modes (Ankudgtosl,
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