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Finely dispersed Rh or Pd nanoparticles are decorated with
a small quantity of Fe atoms, originating from the controlled
reduction of two supports, the mixed oxides of ZnFe2O4–Fe2O3,
to form supported RhFe or PdFe bimetallic nanoparticles with-
out significant change in particle size. The selectivity of ethyl-
ene glycol hydrogenolysis can be manipulated by adjusting
the compositions of the catalysts. This reveals the important
underlying principle for rational design and synthesis of new
supported bimetallic nanoparticles by using two mixed oxides
with a tailored heterojunction that exerts tuning catalytic
properties.

Metal nanoparticles supported on high surface area oxides are
widely used as catalysts in many important industrial reac-
tions,[1] but the choices of metal, oxide support, additive and
pretreatment conditions are generally formulated empirically
from extensive screening of catalyst components. It has been
demonstrated that many catalytic reactions require a specific
and strong metal–support interaction to give a high catalytic
performance.[2] However, the precise modification on catalytic
properties of the metal nanoparticles by the support materials
is not fully understood and could be complex in nature. It is
becoming clear that one of the important causes for strong
metal–support interaction is the decoration of supported
metal particles with trace reactive metallic elements derived
from the support as bimetallic species. For example, much
debate exists on the nature of the active site of catalyst Cu/

ZnO/Al2O3 for methanol production from synthesis gas, despite
more than 40 years intense research on this industrial catalyst.
Recent research with advanced and sensitive instruments has
shown that a very small quantity of Zn atoms is formed on Cu
nanoparticles, which is believed to alter the electronic and
thus the adsorptive properties of the Cu dramatically.[3, 4] Simi-
larly, Pd nanoparticles modified with Zn or Ga atoms, formed
in situ from Pd/ZnO or Ga2O3 catalyst under reducing condi-
tions, are shown to give superior activity and selectivity in
a number of reforming reactions.[5, 6]

On the other hand, the enhancement of catalytic properties
by bimetallic nanoparticles through composition has been pre-
viously realized, with a range of preparative techniques.[7, 8]

Theoretical calculations to appreciate the electronic modifica-
tion of metallic surface by a secondary element have also been
well studied.[9, 10] However, the underlying principle for the con-
trolled modification of supported metal nanostructure by reac-
tive metal atoms derived from the reduction of the metal
oxide support has not been elucidated experimentally. It is
thus important to clarify the mechanism of the reduction of re-
fractory metal oxide supports and their effect in catalysis.
There is intense interest in developing a new method to con-
trol the reduction process of the support and then produce ex-
tremely small supported bimetallic particles with controllable
composition at a specific interface without the use of reactive
organic precursors or stabilizer(s) for catalytic, electrocatalytic
(fuel cells) and sensor applications.

In this work, we demonstrate that Rh or Pd nanoparticles
can be decorated with reactive Fe atoms to form bimetallic
RhFe or PdFe by controlled catalytic reduction of Fe2O3-based
support materials in H2 at temperatures below 200 8C. This can
be achieved by first introducing a limited quantity of ZnO ad-
ditives to the g-Fe2O3 support. Upon calcination, ZnFe2O4 is
formed in excess of Fe2O3 to form two support materials at
close proximity. Thus, a heterojunction of ZnFe2O4–Fe2O3 with
staggered energy levels can be established, which then ex-
tends the lifetime of excitons. It is evident that thermally excit-
ed holes (as activated oxygen) accumulated in valence bands
react with the atomic H produced on the noble metal to form
water before their recombination. Meanwhile, the corespond-
ing excited electrons can promote the reduction of FeIII to Fe0

atoms at the ZnFe2O4–Fe2O3 heterojunction interface. As
a result, a series of supported PdFe and RhFe bimetallic clus-
ters with controllable compositions can be obtained from the
reduction of two mixed metal oxide supports forming a tailored
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heterojunction (Figure 1). Notably, the concept of tailoring het-
erojunctions is known in microelectronics and optics (in multi-
layer thin films with much larger dimension) but tailoring of
heterojunction interfaces in nanosized systems in support ma-
terials has not been explored to prepare extremely reactive bi-
metallic catalysts before now.

The synthesis of the catalyst with mixed ZnFe2O4–Fe2O3

oxide supports is described in the Supporting Information (sec-
tion 1). In brief, ZnII was blended into the precipitation process
of FeIII to form a limited quantity of mixed oxides, after which
the noble metal (PdII and RhIII) was loaded (noble metal load-
ing 5 wt %). A series of characterizations has been conducted
to investigate the influence of ZnII on the the support struc-
ture. The coexistence of ZnFe2O4 and Fe2O3 is initially identified
by the combined results of synchrotron X-ray powder diffrac-
tion patterns (Figure S1) and inductively coupled plasma
atomic emission spectrometry (ICP-AES, Table S1). All the dif-
fractograms of the samples with variable Zn concentration can
be indexed as a spinel structure (space group Fd3m) without
the characteristic diffraction peaks for ZnO, which reflects that
ZnII exists in the ZnFe2O4 phase. Notably, both g-Fe2O3 and
ZnFe2O4 have a typical spinel structure.[11, 12] Meanwhile, the
ICP-AES results for samples 1–4 indicate that all the Zn concen-
trations used are below the the-
oretical value required for pure
ZnFe2O4 phase synthesis
(21.8 wt % Zn); the samples are
thus composed of a mixture of
ZnFe2O4 and g-Fe2O3, the ratio of
which can be calculated by the
ICP-AES results (Table S1). Owing
to the strong overlap of the dif-
fraction patterns, no differentia-
tion between Fe2O3 and ZnFe2O4

is observed.
Electron energy loss spectros-

copy (EELS) mapping (Figure 2)
was thus conducted to differen-
tiate between nanosized
ZnFe2O4 and g-Fe2O3 particles in
samples 2–4 with variable molar
ratios of ZnFe2O4/g-Fe2O3 (R). In
all samples, the distribution of
oxygen is uniform. However, on
the Zn mapping diagrams of
samples 2 and 3, small black

holes indicating weak or total absence of Zn signal are ob-
served, which should be assigned to the Fe2O3-rich areas,
whereas the adjacent brighter areas correspond to the
ZnFe2O4-rich areas with higher Zn concentration. Therefore,
the coexistence of the two separate solid phases is confirmed
by the uneven distribution of Zn element in the samples. To
quantify the interface of these two phases, differentiation of
the EELS digitalized signal ratios of Fe to Zn scanning across
the powder for samples 2–4 is displayed in Figure 2 (right). The
occasional peaks are caused by the drop in Zn concentration
in the ZnFe2O4-rich region with a constant Fe/Zn ratio to the
main Fe2O3 phase. Thus, the scanned regions with a higher
peak frequency represent a larger quantity of ZnFe2O4–Fe2O3

interfaces. The peak frequency is the lowest in sample 4 in which
almost pure ZnFe2O4 phase was made (calculated R = 8.6),
whereas sample 3 (calculated R = 1.0) shows more peaks than
the other samples, which indicates it has the most interfaces.

It is generally accepted that, if two semiconductors with
staggered energy levels are proximate, the alignment of their
conduction and valence bands at the interface favours the sep-
arate location of the excitons,[13–15] as illustrated in Figure 1.
The excited electrons reside in the conduction band of Fe2O3

and the holes in the valence band of ZnFe2O4. Therefore, the
recombination rate of electrons and holes is expected to de-
crease and their lifetime should be extended by the formation
of the heterojunction at the interface of the two semiconduct-
ing materials.[16] To demonstrate the effect of spatial charge
separation in this new catalyst with two supports, time-re-
solved transient absorption spectroscopy was employed. The
kinetic decay profiles of transient absorption at l= 500–
700 nm for sample 3 with the largest amount of heterojunction
interfaces (R = 1.0) and pure phases of Fe2O3 and ZnFe2O4

(used as the references without heterojunction) are shown in
Figure 3 a. The derived lifetime parameters by curve fitting[17, 18]

Figure 1. Proposed reduction mechanism of the ZnFe2O4–Fe2O3 heterojunc-
tion supports with staggered energy levels. (The bulk band values shown
above are used as indicators, with no literature on the precise band values
of corresponding nanoparticles available.)

Figure 2. Left : EELS mappings of Zn (red), Fe (yellow) and oxygen (green) for samples 2 (a, b, c), 3 (d, e, f) and
4 (g, h, i). Right: Differential EELS digital signal ratios of Fe/Zn scanned across the powder for samples 2–4.
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are summarized in Table S3. Notably, the pure phases of Fe2O3

and ZnFe2O4 showed shorter exciton lifetimes. The significantly
longer nanosecond-scale lifetimes (t3 and t4) in sample 3 can
be attributed to the separation of excited electrons and holes
across the heterojunction interface upon irradiation. Interest-
ingly, the order of magnitude of these time constants is com-
parable to those of photocatalytic chemical reactions.[19]

Electron paramagnetic resonance (EPR, Figure 3 b) and static
photoluminescence (PL, Figure S3) were analyzed to character-
ize the surface states of the samples with two distinctive sup-
ports. All EPR spectra show a signal at g�1.96, which reflects
the existence of thermally excited but trapped unpaired elec-
trons (separated electrons) on the Fe2O3 surface.[20] The intensi-
ty of the signal varies with the composition of the supports:
sample 3 (R = 1.0)> sample 2 (R = 0.6)> sample 4 (R = 8.6)>
sample 1 (R = 0.0), which follows the order of decreasing
number of ZnFe2O4–Fe2O3 interfaces indicated by EELS. Thus,
the ZnFe2O4–Fe2O3 heterojunction can indeed stabilize the ex-
citons. Some thermally excited electrons accumulated on the
surface of Fe2O3 with a prolonged lifetime before recombina-
tion with the holes from the ZnFe2O4-rich area and, hence,
were observable by EPR spectroscopy. The quantity of these
excitons clearly increases with the number of ZnFe2O4–Fe2O3

heterojunctions. Therefore, the EPR signal reaches the highest
value with sample 3 (R = 1.0), from which the spin number
1.9 � 1020 g is obtained. The PL spectra of samples 1–4 are dis-
played in Figure S3; two peaks are observed in all samples
after a careful peak fitting at l= 500 and 600 nm, respectively.
The former is due to the characteristic exciton recombination
of nanosized g-Fe2O3 (corresponding to Ii), whereas the latter
with longer emission wavelength (corresponding to Ig) is due

to the presence of neutral or singularly charged oxygen spe-
cies (thermally activated holes) in the structure as trap sites for
electrons.[21] The ratio between the integration area of the two
peaks in terms of Ig/Ii varies across the samples as shown in
Table 1, which shows the same trend with the EPR result as
sample 3 (R = 1.0)> sample 2 (R = 0.6)> sample 4 (R = 8.6)>
sample 1 (R = 0.0). Sample 3 with the highest heterojunction

content interface gives the largest value, which suggests the
highest concentration of active oxygen species (thermally acti-
vated holes).

In a typical semiconductor oxide, some thermally or photo-
excited electrons could momentarily overcome the forbidden
band gap and occupy the higher energy conduction band,
which is composed primarily of empty bands of cations. The
corresponding holes take residence in the lower energy va-
lence band that is constituted mainly of occupied p-bands of
oxygen ions. Thus, the term “hole” in semiconductor oxides
can be appreciated chemically as activated oxygen species
with lower formal charge (neutral or singularly charged
oxygen) than lattice oxygen ions. However, the majority of the
excited electrons and holes (excitons) recombine rapidly in
single phase semiconductor oxide supports with short lifetimes
(i.e. , Fe2O3 and ZnFe2O4), as reflected by the time-resolved tran-
sient absorption spectroscopy data. On the other hand, we

Figure 3. a) Normalized experimental and fitted kinetic decay profiles of transient absorption at l= 500–700 nm for sample 3, ZnFe2O4 and Fe2O3; inset: the
region of 0–0.1 normalized intensity. b) EPR spectra of samples 1–4. c) The relationship between the Ig/(Ig + Ii) from the static PL spectra and the amount of Fe0

produced calculated from the TPR results for the Rh samples 1–4. Ig and Ii represent the integration area of long emission peaks (l= 600 nm) and instant re-
combination peak (l = 500 nm), respectively, of the oxide supports in PL spectra, as shown in Figure S3.

Table 1. Ig/Ii values in PL spectra for samples 1–4.

Sample 1 (R = 0.0) 2 (R = 0.6) 3 (R = 1.0) 4 (R = 8.6)

Ig/Ii 1.25 1.75 2.35 1.40
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show that the use of two semiconductor oxides of staggered
energy levels as support could greatly prolong the exciton life-
time. With the extension of lifetime of the excitons, more acti-
vated oxygen species are accumulated on the surface, particu-
larly in sample 3 as indicated by the PL spectra. If noble metal
is in the proximity, these activated oxygen species (holes)
could then react with spilled atomic H (produced on the noble
metal surface) to form water as their lifetime constant is com-
parable to that of this chemical reaction. Thus, corresponding
electrons will reduce metal ions from the support mixture to
metal atoms. The proposed reduction mechanism of the heter-
ojunction with two semiconducting oxide supports is shown in
Figure 1.

The reaction of hydrogen and the activated oxygen (hole)
can be probed by temperature-programmed reduction (TPR).
The TPR curves of a series of Rh2O3/ZnFe2O4–Fe2O3 samples
with variable composition below 300 8C are displayed in
Figure 4 a. The total H2 consumption from the curve integra-
tion is labelled in the figure. Notably, the H2 consumption
value for sample 1 with 5 wt % Rh loading (Rh2O3/Fe2O3,
3.2 mmol gcatalyst

�1) is slightly higher than the sum of theoretical

values for transforming Fe2O3 to Fe3O4 (2.0 mmol gcatalyst
�1) and

Rh2O3 to Rh0 (0.8 mmol gcatalyst
�1), which implies that Rh2O3 and

Fe2O3 have been reduced respectively to Rh0 and Fe3O4 and
a small quantity of Fe0 is produced through the further reduc-
tion of Fe3O4 (in contact with Rh). The change in H2 consump-
tion in the Rh samples with heterojunction effect indicate the
variable amount of the produced Fe0, which is confirmed by X-
ray photoelectron spectroscopy (XPS), as shown in Figure S5.
The signal for Fe0 is observed after reduction and the intensity
increases with the amount of ZnFe2O4–Fe2O3 interface, reach-
ing a peak with sample 3 (with 5 wt % Rh loading, R = 1.0), fol-
lowed by sample 2 (with 5 wt % Rh loading, R = 0.6), then
sample 4 (with 5 wt % Rh loading, R = 8.6) and finally sample 1
(with 5 wt % Rh loading, R = 0.0). The amount of produced Fe0

can also be estimated based on the extra H2 consumption
beyond the processes of Rh2O3 to Rh0 and Fe2O3 to Fe3O4 by
using a stoichiometric equation and the values are shown in
Table S4. In combination with the characterization by PL spec-
troscopy, it is found that the amount of Fe0 in the TPR is relat-
ed to the active oxygen species (holes), giving a linear relation-
ship with respect to Ig/(Ig + Ii) (shown in Figure 3 c).

Given the fact that noble metal is the active site to produce
atomic H and assist catalytic reduction of the Fe2O3 support to
metallic Fe0 atoms, the produced Fe atoms will decorate or
react with noble metal nanoparticles to form bimetallic clusters
at close proximity. The extended X-ray absorption fine struc-
ture (EXAFS) at Rh K-edge is thus employed to reveal the inter-
action between Rh and Fe atoms. The results for a series of re-
duced Rh samples are shown in Figure 5 a and Table S6. Nota-
bly, the total coordination numbers of Rh for all samples are in
the range 6.4–7.1. These low values suggest that the metallic
Rh-containing phase produced by this method is still main-
tained in an extremely low amount despite the fact that the
progressive addition of ZnII appears to increase the metallic
size only mildly. We have estimated the average size of the
nanoparticles to be approximately 1.5 nm based on a recent
Rh EXAFS study and multiple other techniques including gas
adsorption, TEM and FTIR.[22] Indeed, our TEM images (Fig-
ure S6) typically show small Rh containing particles approxi-
mately 1–1.5 nm in size. The most striking feature observed in

Figure 4. a) TPR curves for a series of Rh2O3/ZnFe2O4–Fe2O3 samples. b) Rh 3d
XPS curves for samples 1–4 with 5 wt % Rh loading after pre-reduction.

Figure 5. a) Number of neighbour Rh (NRh) and Fe (NFe) atoms around Rh absorbing atom derived from EXAFS fittings. b) Typical EXAFS curves against radial
distance for samples 1 (R = 0.0) and 3 (R = 1.0) with a reference of Rh foil.
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EXAFS is a shorter scattering path of 2.55 � compared to the
typical Rh–Rh scattering path of 2.67 �[22] in nanosized Rh par-
ticles (Figure 5 b), which is assigned to the first shell-scattering
pair of Rh–Fe. The shorter distance is a result of the smaller
atomic size of Fe than Rh. Sample 3 (13.5 wt % Zn) gives the
highest number of first shell neighbour Fe to Rh (NFe = 5.2) fol-
lowed by sample 2 (NFe = 4.2), then sample 4 (NFe = 3.8) and fi-
nally sample 1 (NFe = 3.6), reflecting the variable composition of
RhFe nanoparticles as shown in Figure 5 a (dependent on Zn
ions added). Thus, the intrinsic high reducing potential of Rh
deeply reduces the support to give the RhFe alloy with high
Fe contents by this preparative method. For the comparative
study with Pd (PdFe has lower Fe contents), we describe this
alloy as Fe-modified Rh (RhFe) instead of FeRh despite the fact
that it has higher NFe than NRh values (Figure 5 a).

Clearly, the supported bimetallic RhFe clusters suggest the
intimate contact of the two elements, which may modify the
electronic structure of Rh in a subtle manner.[23] Thus, the
Rh 3d XPS profile was closely examined for the H2 reduced
samples with reference to adventitious carbon (284.4 eV, no ex-
posure to air ; Figure 4 b). Notably, the binding energy of Rh 3d
attenuates progressively with increasing amount of ZnFe2O4–
Fe2O3 heterojunction, which also corresponds to the increasing
content of Fe0. Sample 3 (with 5 wt % Rh loading, R = 1.0),
which has the highest amount of ZnFe2O4–Fe2O3 interface cre-
ated, shows the lowest binding energy. This can be attributed
to the fact that Fe is more prone to lose its electrons to Rh in
their shared electronic bands (electronegativities of 1.8 and 2.2
for Fe and Rh atoms, respectively). Thus, it is evident that the
electronic properties of Rh can be influenced by the adjustable
Fe0 quantity from the reduction
of ZnFe2O4–Fe2O3 supports with
controllable amount of hetero-
junction interface. To confirm
the generality of this preparative
method, supported PdFe bimet-
allic catalysts were also made
from the reduction of PdO/
ZnFe2O4–Fe2O3 samples (the cor-
responding TPR and EXAFS re-
sults are shown in Figure S4 and
Table S7). A variable amount of
Fe0 atoms could be produced
through heterojunction tuning
by using the two oxide supports.

The tunable catalytic proper-
ties of these supported RhFe
and PdFe clusters for the hydro-
genolysis of ethylene glycol (EG)
have been studied, which is con-
sidered an important model re-
action for the catalytic transfor-
mation of biomass molecules
with similar basic �CHOH�
CHOH� units. The detailed cata-
lytic results are shown in Fig-
ure S9. Methanol, ethanol, meth-

ane and carbon dioxide are detected as the major products. As
shown in the thermodynamic diagram of the system (Fig-
ure S8), methane and carbon dioxide as the main equilibrium
components are regarded as the thermodynamically controlled
products, which are produced by the breakage of all the
bonds in EG followed by extensive hydrogenation reaction or
steam reforming, respectively.[24] On the other hand, methanol
and ethanol are the partially kinetically controlled products. As
shown in Figure 6 a, the methanol and ethanol selectivities of
Rh samples show a good and rather smooth correlation to the
number of neighbour Fe atoms around Rh over a large varia-
tion of NFe = 3.6 to 4.2. In the system of Pd (Figure 6 b), a similar
change in methanol selectivity with lower NFe values is also ob-
served (ethanol selectivity shows an opposite trend), despite
the fact that the difference between samples 4 and 2 is small
due to their comparable concentrations of Fe in the PdFe alloy
(NFe = 1.7 and 1.4 in sample 2 and 4, respectively), making the
curve less smooth. We are not yet able to achieve finer tuning
of NFe within a comparable range for both systems due to the
fundamental differences between the intrinsic chemical prop-
erties of the two metals and their interactions with the sup-
port. Nevertheless, it is evident that that the selectivity for
these alcohols is clearly a function of the increase in number
of neighbour Fe atoms for Rh or Pd derived from the EXAFS
data (NFe). The influence of Fe atom on the catalytic properties
of noble metal particles is demonstrated by our DFT calcula-
tions based on a 4 � 4 � 4 atomistic model with Fe substitution
on the top layer (Scheme S1). It is shown in Figure 6 c and 5 d
that d-band electron filling of the RhFe or PdFe particles de-
creases with progressive Fe substitution corresponding to the

Figure 6. Methanol and ethanol selectivity in hydrogenolysis of EG for a) Rh samples and b) Pd samples (50 bar
H2, 250 8C; detailed catalytic conditions are shown in Figure S9). Calculated d-band centre position and relative d-
band filling degree for a series of c) Rh and d) Pd samples.
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increasing methanol selectivity. According to molecular config-
uration, methanol is the product of hydrogenolytic �C�C�
bond cleavage of EG, whereas ethanol is produced through
the partial hydrogenolytic �C�O� bond breakage. As the con-
centration of Fe atom increases, the d-band filling shifts pro-
gressively downwards owing to the lower d electron density of
Fe 3d6 than the noble metals (Rh 3d8, Pd 3d10). The decreasing
d-band filling strengthens electronic s donation from the non-
bonding orbital of the�C�O� group in EG to noble metal (the
interaction of EG with the noble metals is shown in
Scheme S2), which contributes to enhancing the M�C (M = Pd,
Rh) bond, hence breaking the C�C bond more favourably.
Thus, methanol selectivity increases with respect to the de-
creasing d-band filling by the Fe substitution for both Rh and
Pd samples. It is also interesting to find that the d-band centre
positions of the RhFe metallic phase rise with increasing Fe
content due to mixing with the energy orbital of Fe 3d, which
is higher than that of Rh 4d. The d-band of RhFe at higher po-
sition is expected to match better with the p* orbital of the �
C�O� group in EG and enhance the p back donation from
RhFe to the empty p* orbital of the substrate, leading to the
breakage of the C�O bond and thus increasing ethanol selec-
tivity. In a sharp contrast, for the Pd samples, d-band centre
position increases only slightly at one Fe atom substitution ac-
cording to our model but moves dramatically downwards at
higher Fe content, despite the incorporation of the higher
energy level Fe 3d into Pd 4d. This is attributed to the overrid-
ing effect of decreasing d-band filling, which introduces
a greater downshift in the d-band centre position than the up-
shift by the hybrid d-band in PdFe. (Fe induces a greater de-
crease in the degree of filling for Pd, which is more electron
rich than Rh.) Consequently, ethanol selectivity for Pd samples
decreases with progressive Fe substitution. The variation of
catalytic performance reflects the fine tuning of the catalytic
properties of noble metal by the decoration of Fe atoms,
which is derived from controlled reduction of the two semi-
conducting oxide supports. Although the selectivity for the
two alcohols of this reaction over Pd and Rh is not yet suffi-
cient to justify any immediate application, the concept for this
fine control in catalyst materials by using a dual support
system is clearly demonstrated. Further investigation of the
tunable supported bimetallic catalysts for other important re-
actions is ongoing.

In conclusion, a creation of ZnFe2O4–Fe2O3 heterojunction of
staggered energy by using the two separate semiconductor
oxide supports has been designated to perform the controlled
decoration of overlying noble metal nanoparticles with reac-
tive Fe atoms. It is demonstrated that this simple chemical
modification can be applied to tune the catalytic properties of
existing supported metal catalysts by introducing appropriate
additive(s) to establish a type II heterojunction structure in the
metal oxide supports with a subsequent reduction process.
Such fine control in electronic and structural modifications on
supported bimetallic catalysts enabled by designed hetero-
junctions empowers scientists to approach new catalysis reac-
tions in a rational manner and allows fine tuning of catalysts
to achieve superior performance in important reactions. It is

anticipated that this method may have the potential to identi-
fy new catalysts to meet the growing demands for greener
systems.

Experimental Section

First, solutions of Zn(NO3)2·6 H2O (50 mL) and Fe(NO3)3·9 H2O
(200 mL) were prepared in various concentrations. Next, 1 m

Na2CO3 solution (10 mL) was added slowly to the Zn(NO3)2 solution
(50 mL) to generate a white suspension of Zn(OH)x and the ob-
tained mixture added into the Fe(NO3)3 (200 mL) solution. The pH
of the final gel was adjusted to 4 by adding 1 m Na2CO3. The ob-
tained reddish gel was added slowly to a solution of Rh(NO3)3

(0.05 wt % Rh, 200 mL) or Pd(NO3)2 (0.05 wt % Pd, 200 mL) and the
pH adjusted to 9 by further addition of 1 m Na2CO3. The final mix-
ture was stirred overnight and the solid harvested by centrifuga-
tion. The samples were dried in an oven at 80 8C, then calcined at
300 8C for 2 h. Pre-reduction of the samples was performed in a 3-
necked flask with a H2 flow of 30 mL min�1 at 250 8C for 1 h.

Keywords: excitons · heterojunctions · nanoparticles ·
reduction · supported catalysts
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