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density of vibrational states (pDOS) of LytB 
bound to its natural substrate 1 as well as to 
the inhibitors (E)-4-amino-3-methylbut-2-en-
1-yl diphosphate, 2, and (E)-4-mercapto-3-
methylbut-2-en-1-yl diphosphate, 3. There is 
reasonable agreement between calculated and 

experimental data and the deviations have been 

protein conformations in protein crystals and 
in solution. As already indicated by Mossbauer 
spectroscopy and more recently by X-ray 
structure studies, the inhibitor 2 coordinates 

with its amino group and the inhibitor 
3 coordinates with its thiol group to 
the special site of the 4Fe-4S cluster of 
LytB . However, for the interaction 
of the amino inhibitor 2 there are two 

pdb database. The present work shows 
that the vibrational properties of the 
enzyme complexed with inhibitor 2 are 
better reproduced by one of the two 
structures (3ZGL.pdb) indicating that 
this structure is present in solution. 

(pDOS) of the substrate-bound form of 
LytB (a), LytB in complex with inhibitor 2 (b), 
and LytB in complex with inhibitor 3 (c). 
Right: pDOS simulations assuming model 
structures of the active site/inhibitor 
complexes: (a) substrate-bound LytB; 
(b) amino inhibitor bound LytB (3ZGL.pdb), 
(c) thiol-inhibitor bound LytB (4H4E.pdb). 

BIMETALLIC NANOALLOYS AS HIGHLY EFFECTIVE 
HYDROGENATION CATALYSTS

many conversion routes, involving numerous 

currently being explored for the production of 
bio-based chemicals. Nonetheless, a limited 
number of building blocks, so-called platform 
molecules, are emerging with the potential to 

Levulinic acid, which is easily obtained from 
the carbohydrate fraction of (preferably 

lignocellulosic) biomass, is one such platform 
molecule and can be catalytically converted to 
a multitude of value-added products, including 
polymer monomers, solvents, plasticisers 
and fuel components. In turn, the production 
of many of these end products involves the 
compound -valerolactone, which is obtained by 
hydrogenation of levulinic acid and is in itself a 
valuable platform molecule. The hydrogenation 
of levulinic acid to -valerolactone is typically 
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and most conveniently done 
with heterogeneous, supported 
metal-based catalysts, in 
particular Ru-based ones, and 
molecular hydrogen. 

The use of supported bimetallic 
heterogeneous catalysts can be 
advantageous, as combinations 
of two metal in the appropriate 
proportion and with the 
nanostructure can lead to 
superior catalytic performance, 
in terms of activity, selectivity 
and/or stability of the catalyst 
material. Even though such 
nanoalloyed bimetallic catalysts 
might have many advantages, 
so far, their exploitation has been limited for 
biomass reactions, such as the conversion of 
levulinic acid to -valerolactone. The performance 
of supported bimetallic nanoparticles is 
governed by their composition and structural 
characteristics, which are in turn ultimately 
determined by the preparation method. It 
was previously shown that an ‘excess-anion’, 

synthesis of supported Au-Pd nanoparticles. 
The nanoparticles are characterised by a narrow 
size distribution and a quite homogeneous 
random nanoalloy structure [1]. We have now 
demonstrated that the controlled preparation 
of supported Au-Pd as well as Ru-Pd nanoalloy 

method provides access to catalyst materials 
that show markedly improved performance in 
the selective hydrogenation of levulinic acid to 
-valerolactone. Indeed, nanoalloying was found 

well as the stability of the bimetallic catalysts. 
For example, Au-Pd/TiO2 showed good activity 
and excellent selectivity in the hydrogenation 
reaction, whereas its monometallic counterparts 
only showed negligible activity under identical 

was subsequently successfully extended to give 
a supported Ru-Pd nanoalloy catalyst, which 
proved to be more selective and more stable 
upon reuse than its monometallic Ru/TiO2 
counterpart. Extensive characterisation of the 
bimetallic catalysts was done by a combination 

of aberration-corrected scanning transmission 
electron microscopy (STEM), X-ray photoelectron 
spectroscopy (XPS), Fourier-transform infrared 

and X-ray spectroscopy (XAS). Taken together, 
the STEM and extended X-ray sbsorption fine 
structure (EXAFS) measurements, performed at 
beamlines  and , showed that the 
nanoparticles are indeed bimetallic and have 
a random nanoalloy structure (Figure 110). 
While the bimetallic nature of the Au-Pd 
catalyst was immediately evident from the 
Fourier Transform data at both edges, the 

and Pd precluded distinguishing between these 
two metal components. For the latter sample, 

nature) did indicate intimately mixed bimetallic 
particles. The XPS and FT-IR/CO data provided 
further insight into the consequences of the 

be discerned. For the Au-Pd based catalyst, the 
remarkable increase in activity was attributed 

with Au. The improved stability and selectivity of 
the Ru-Pd catalyst were in turn attributed to the 
dilution and isolation of Ru by Pd in the random 
nanoalloy. These results highlight the potential 
of using bimetallic catalysts for the production 
of bio-based fuels and chemicals, provided that 
use is made of carefully designed synthesis 
strategies. 

 Bimetallic catalysts show much improved performance in the selective hydrogenation of 

Au-Pd/TiO2 catalyst, which provides a remarkable improvement in productivity compared to its 
monometallic counterparts. 


