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Abstract: The development of heterogeneous catalysts for asymmetric synthesis is one of the most 
challenging topics in chemistry, as it allows obtaining enantiomerically pure compounds. Recently, 
metal layers incorporating molecular chiral cavities, obtained by electroreduction of a metal source 
in the simultaneous presence of a non-ionic surfactant and asymmetric molecules, have been 
proposed for a wide range of applications, including enantioselective electroanalysis and 
electrosynthesis, as well as chiral separation. In contrast to this previous work, solely based on 
electrochemical phenomena, herein we designed and employed nanostructured chiral encoded Pt-Ir 
alloys, supported on high surface area nickel foams, as heterogeneous catalysts for the asymmetric 
hydrogenation of aromatic ketones. Fine-tuning the experimental conditions allows achieving very 
high enantioselectivity (> 80 %), combined with improved catalyst stability.  

Introduction 

Rational engineering of chiral surfaces is of crucial importance in heterogeneous catalysis in order to 
get access to enantiomerically pure compounds (EPCs), which have important applications in various 
fields, ranging from academic topics1 to the commercial synthesis of agrochemicals and 
pharmaceuticals2. Although many chiral materials are based on organic polymers and 
semiconductors3, there are also numerous examples of metal surfaces bearing chiral surface 
features4. For instance, Ag surfaces with a high Miller index have been obtained by precision cutting, 
revealing surfaces such as Ag(643)R and Ag(643)S, being non-superimposable mirror images of each 
other7. However, such surfaces sometimes suffer also from drawbacks such as a complicated 
preparation process, limited enantiodiscrimination properties due to a small number of active sites, 
and low stability5.  



High enantioselectivity is however observed for enzymatic catalysts, able to generate a certain type 
of chiral products under mild conditions6. Nonetheless, poor stability, low efficiency under industrial 
conditions and unspecific adsorption of molecules at the active site are considered as the 
unavoidable limitations in the frame of their use for organic synthesis7. In order to mimic 
biocatalysts with inorganic materials, several approaches have been intensively studied for breaking 
the symmetry at metal surfaces, e.g. adsorption of chiral entities on metal surfaces8, chiral molecular 
grafting of metal surfaces9, cutting surfaces to generate a high Miller index plane10, and chiral 
imprinting of metal surfaces4b,11. Among them, chiral encoded metals obtained by a molecular 
imprinting approach are promising materials to retain chiral information, even after removal of the 
chiral templates4b,11. 

It is worth mentioning that chiral metal surfaces combined with mesoporous structures reveal 
outstanding properties, in particular a significant increase in active surface area, with enhanced chiral 
recognition properties12. Recently, highly ordered mesoporous structures with chiral features have 
been reported as a new class of materials, namely Chiral Imprinted Mesoporous Metals (CIMMs). 
They are obtained by electrodeposition of metal in the simultaneous presence of a self-assembled 
supramolecular template structure, composed of a hexagonal lyotropic liquid crystal phase and chiral 
molecules, acting as mesoporogens and chiral templates, respectively4b. Apart from analytical 
applications4b,11b, these metal surfaces have been used for various potential applications, ranging 
from chiral separation13 and enantioselective actuation11d to asymmetric electrosynthesis14. 
Concerning the latter aspect, CIMMs have been employed as working electrodes, yielding initially an 
only moderate enantiomeric excess (%ee) 14a. However, by fine-tuning the conditions of the 
electroreduction, a very high %ee (>95%) could be achieved, especially when using a pulsed 
electrosynthesis strategy with imprinted bimetallic Pt-Ir alloys as electrode material14b-14d.  

While chiral electrosynthesis is a less common approach, conventional asymmetric synthesis is a 
much more wide-spread option to obtain EPCs, in particular when using a heterogeneous catalyst 
with chiral surface properties, which can be easily recovered after the catalytic reaction. Typically, 
chiral heterogeneous metal catalysts have been obtained by one of the following approaches: (i) 
chiral surface grafting15; (ii) chiral ligand-modified metal nanoparticles16; (iii) molecular imprinting 
of metal surfaces17; (iv) entrapment of chiral compounds inside metal particles18. Among these 
strategies, molecular imprinting and entrapment of chiral molecules in metal layers are interesting 
concepts to establish chiral information on solid surfaces, due to their versatility in terms of the types 
of imprinted molecules and the available solid matrices, comprising noble and non-noble 
metals18,19.  

In the present study, we demonstrate that a chiral imprinted mesoporous bimetallic Pt-Ir alloy 
supported on Ni foam can be advantageously used as heterogeneous catalyst for asymmetric 
synthesis of a chiral compound via hydrogenation of an aromatic ketone. The alloy has been 
successfully prepared by co-electroreduction of Pt and Ir in the simultaneous presence of a non-ionic 
surfactant (Brij C10) and molecular chiral templates. Subsequently, in order to verify the presence of 
chiral information imprinted on the alloy surface, the enantioselective discrimination between the 
two stereoisomers of a chiral molecule (Phenylethanol, PE) has been tested by Differential pulse 
voltammetry (DPV). Finally, when using this material as heterogeneous catalyst in the presence of 
the prochiral precursor (Acetophenone, ACE) and hydrogen, a fine-tuning of the conditions of 
catalysis, in particular by using a pulsed synthesis process, allows achieving high enantioselectivity 
(up to 85 %ee). 

Results and Discussion 



Catalytic hydrogenation of aromatic ketones can be performed, among others, with platinum black in 
a hydrogen atmosphere. For examples the hydrogenation of ACE is possible with high conversion 
efficiency and selectivity for PE20. However, the uncontrolled stereochemistry results in a racemic 
mixture of R-phenylethanol (RPE) and S-phenylethanol (SPE). Typically, to obtain more or less 
enantiopure PE products, different metals have been widely used as catalysts for asymmetric 
hydrogenation21. Recently, enantioselective synthesis of PE via hydrogenation of ACE has been 
achieved by its electroreduction on electrocatalysts having the appropriate handedness, including 
noble metals (Pt), non-noble metals (Ni), and bimetallic alloys (Pt-Ir)4b,6c,13-14. The latter showed 
higher enantioselectivity and catalyst stability compared to the corresponding monometallic 
electrocatalyst. However, modifying planar surfaces with these catalyst structures leads to a 
restricted accessibility of the active chiral sites by the reactants due to diffusion limitations, 
eventually resulting in a lower catalytic performance. In order to circumvent these limitations, 
deposition of the catalytically active layer on a support with high surface area is a promising strategy. 
Nickel (Ni) foam was used in this work as a solid support to improve the diffusion of guest molecules. 
The chiral imprinted mesoporous Pt-Ir, supported on Ni foam, has been prepared by 
electrodeposition in the simultaneous presence of metal precursors, a self-assembled lyotropic liquid 
crystal, and the desired amount of chiral template as illustrated in Scheme 1. PE has been chosen as a 
molecular template to introduce specific chiral sites inside the mesoporous structure. The presence 
of a hydroxy group in PE and also as a head group of polyoxyethylene (10) cetyl ether (Brij C10), 
allows the formation of a well-defined hexagonal liquid crystal phase (H1) interacting with the chiral 
template by hydrogen-bonding. Scheme 1a illustrates the self-assembled chiral plating gel on Ni 
foam before electrodeposition. The bimetallic alloy is subsequently electrodeposited throughout the 
template structure by controlling the injected charge density (Scheme 1b). The final chiral imprinted 
mesoporous Pt-Ir on Ni foam is obtained after removal of the chiral template and surfactant as 
shown in Scheme 1c.   

 



  

Scheme 1. Illustration of the synthesis of a chiral encoded mesoporous bimetallic Pt-Ir alloy 
supported on Ni foam: a) formation of the lyotropic liquid crystalline phase in the presence of metal 
salt and chiral molecules on Ni foam; b) electrodeposition through the self-assembled template 
structure; c) Final chiral imprinted mesoporous Pt-Ir alloy supported on Ni foam after template 
removal.   

The surface morphology of the initial 3D Ni foam has been investigated by scanning electron 
microscopy (SEM) with low and high magnification as can be seen in Figure S1. The Ni foam surface is 
homogeneous and smooth, and its composition was confirmed by EDS elemental mapping. The 
structure, morphology, and elemental composition of as-synthesized chiral imprinted Pt-Ir on Ni 
foam obtained by using a charge density of 8 C cm-2 is illustrated in Figure S2 and S3. After 
electrodeposition of chiral encoded Pt-Ir, a darker homogeneous thin film covers the Ni foam (Figure 
1a and 1b). The thickness of the film can be easily adjusted by varying the deposition charge density. 
For examples the layer is 145.0, 297.3, and 458.4 nm thick when using deposition charge densities of 
4, 8, and 12 C cm-2, respectively (Figure S2 and Table S1). Moreover, the macroscopic surface 
structure at the junction between the bare Ni surface and the bimetallic layer is illustrated in Figure 
1e (inset), and EDS mapping was carried out to investigate the elemental distribution at this junction 
(Figure 1f-h and Figure S3), revealing that Pt and Ir are evenly distributed. 

To verify the mesoporous structure of the catalytic layer, HR-TEM images have been recorded and 
reveal a highly ordered hexagonal mesoporous structure with a pore size of 6.52 ± 0.35 nm (Figure 2a 
and 2b) for a sample generated with a charge density of 8 C cm-2. In addition, the alloy character has 
been investigated with X-ray diffraction (Figure S4). The XRD profile confirms the presence of the 
three main components, Pt, Ir and Ni. It clearly shows high intensity peaks at 2�} of 44.5° and 52.0°, 
corresponding to the Miller Indices (111) and (200) of nickel (Figure S4a).22 The characteristic XRD 
pattern of Pt in the alloy appears at 2�} of 40.0° and 46.5° (Figure S4b) originating from its (111) and 
(200) planes, respectively. The values are shifted to slightly higher 2�} angles compared to a pure Pt 



film on Ni foam due to the presence of Ir. 14d,23 Although the characteristic Ir peak cannot be seen 
directly in the case of the Pt-Ir sample, due to the very low amount of Ir with respect to Pt (10 % of Ir 
see Table S2), the slight shift of the Pt peak can be attributed to a partial substitution of Pt by Ir, 
which is consistent with previous studies.14d The composition and alloy structure of the chiral 
imprinted Pt-Ir film has also been studied by X-ray photoelectron spectroscopy (XPS) in comparison 
to monometallic Pt, deposited on nickel foam. The XPS spectra of Pt and Ir in monometallic as well as 
bimetallic layers obtained by using various deposition charge densities are shown in Figure 2c and 2d. 
The binding energies of 69.7 eV and 73.1 eV for Pt 4f7/2 and 58.8 eV and 61.8eV for Ir 4f7/2 are 
consistent with the standard cards of these elements.14d,23-24 Remarkably, the characteristic peaks 
of Pt and Ir of the bimetallic Pt-Ir samples are slightly shifted to a higher binding energy due to the 
charge transfer between Pt and Ir.25 Obviously the Ir signal is more affected, because it is embedded 
in a majority of Pt atoms and therefore shifts are more pronounced compared to Pt, which is the 
major component of the matrix and therefore its signal i less disturbed by the small fraction of Ir. The 
relative amount of Pt and Ir in the alloy was confirmed by inductively coupled plasma optical 
emission spectroscopy (ICP-OES), and values of 90% and 10% have been found, respectively (Figure 
S5 and Table S2). In order to measure the active surface area of the bimetallic Pt-Ir films prepared 
with various deposition charge densities, cyclic voltammograms (CV) in 0.5 M H2SO4 in the potential 
range from -0.25 to 1.25 V vs Ag/AgCl are shown in Figure 3a. The characteristic peaks between -0.25 
and 0.20 V relate to proton adsorption and desorption (hydrogen region) on Pt surfaces, while the 
characteristic oxidation of the Pt surface and reduction of PtOn appear at 0.80 and 0.45 V, 
respectively.24b Fortunately, there is only little interference of oxidation currents originating from 
the Ni foam used as a support, as shown in Figure S6. It allows us observing the electroactive surface 
area of the Pt-Ir alloy in the hydrogen adsorption and desorption regions without the interference of 
Ni characteristics. The electroactive surface area of the prepared Pt-Ir films is significantly increasing 
as a function of deposited charge density with 341, 826, 1680, and 2560 cm2 for those synthesized 
with 4, 6, 8 and 12 C cm-2, respectively, as can be seen in Figure 3b. 

  

  

Figure 1. Surface morphology characterization of a chiral imprinted mesoporous Pt-Ir film supported 
on Ni foam: a) and b) SEM images of chiral encoded Pt-Ir deposited on Ni foam; and c) and d) EDS 
mapping of Pt (green) and Ir (blue). The bottom panels demonstrate the surface morphology at the 



junction between pristine Ni foam and the part covered with Pt-Ir. e) SEM images and f), g) and h) 
EDS mapping of Pt (green), Ir (blue) and Ni (red), respectively. 

 

Figure 2. Mesoporous structure and alloy structure confirmation: a) TEM image of a chiral imprinted 
Pt-Ir film revealing the well-ordered hexagonal mesopores (scale bar 20 nm); b) HR-TEM image of 
bimetallic film (scale car of 50 nm). c) XPS spectra in the Ir binding energy region of standard Ir on Ni 
foam (black) and of RPE imprinted bimetallic Pt-Ir on Ni foam when using deposition charge densities 
of 4 C cm-2 (red), 8 C cm-2 (green), and 12 C cm-2 (blue); d) XPS spectra in the Pt binding energy 
region of standard Pt on Ni foam (black) and the bimetallic Pt-Ir on Ni foam when using deposition 
charge densities of 4 C cm-2 (red), 8 C cm-2 (green) and 12 C cm-2 (blue).  

  

Before performing catalytic hydrogenation with the synthesized materials, it is necessary to verify its 
enantioselective recognition abilities. Differential Pulse Voltammograms (DPV) in the potential range 
from 0.3 to 0.8 V versus Ag/AgCl were recorded with the foam supported alloy in solutions 
containing the 3,4-dihydroxyphenylalanine (DOPA) enantiomers. The oxidation signals show different 
intensities as a function of the imprinted PE enantiomer (Figure 3c and 3d). RPE encoded electrodes 
preferentially react with D-DOPA, whereas SPE imprinted surfaces have a higher affinity for L-DOPA, 
clearly indicating the   



 

Figure 3. Electrochemical characterization of the chiral encoded bimetallic Pt-Ir alloy on Ni foam. a) 
Cyclic voltammograms of the alloy obtained using various deposition charge densities compared to 
the flat Pt in 0.5 M H2SO4 at a scan rate of 100 mVs-1, b) Linear relationship between electroactive 
surface area and deposition charge density, c) Differential Pulse Voltammogram (DPV) of chiral Pt-Ir 
imprinted with RPE in 4 mM D-DOPA (blue) and L-DOPA (red) in 50 mM HCl as a supporting 
electrolyte, d) DPV of the chiral Pt-Ir imprinted with SPE in 4 mM D-DOPA (blue) and L-DOPA (red) in 
50 mM HCl.  

presence of chiral features in the alloy matrix. In order to exclude artefacts due to presence of chiral 
template molecules, left over from the imprinting process, the template removal was followed by 
UV-Vis spectroscopy prior to the enantioselective recognition studies. As shown in Figure. S7, the 
absorbance of a series of washing solutions was recorded as a function of rinsing time. The 
absorbance signal of PE (�„max= 250 nm) in the first rinsing solution is rather high, meaning that a lot 
of chiral templates is leaving the metal matrix. However, after several consecutive washing cycles, 
the amplitude of this characteristic peak dramatically decreases. In particular, no more chiral 
molecules can be detected in the rinsing solution after washing for 30 h.14b-14d It is noteworthy 
that even when using one type of chiral molecule (PE) for generating the recognition sites, it allows 
the stereoselective discrimination of another type of chiral molecule (DOPA) if they have similar 
stereocentre configurations11b. To further validate the different amplitudes measured for the chiral 
recognition experiment, a control experiment has been carried out after erasing the chiral 
information by applying a very aggressive positive potential to oxidize the alloy14d. As expected, 
identical amplitudes for L-DOPA and D-DOPA oxidation are measured for both electrodes after 



���Æ�‰�}�•�]�v�P���š�Z���u���š�}���À���Œ�Ç���‰�}�•�]�š�]�À�����‰�}�š���v�š�]���o�•���]�v�������^���o�����v�]�v�P�����Ç���o���_���(�Œ�}�u��-0.25 to 1.80 V versus Ag/AgCl 
(Figure S8a), very similar to what is obtained for a non-imprinted electrode (Figure S8b). 

The asymmetric synthesis of PE enantiomers via the hydrogenation of ACE has been chosen in this 
proof-of-concept study as a simple model reaction to demonstrate for the first time the utility of 
chiral encoded Pt-Ir surfaces in heterogeneous catalysis. This carbonyl compound is generally found 
in bio-oil fractions,26 and pure enantiomers of PE are significant chiral building blocks for 
pharmaceutical manufacturing to produce other high added-value products27. Although 
enantioselective electrosynthesis of phenylethanol has been previously achieved using chiral 
imprinted mesoporous Pt-Ir electrodes14d, the requirement of electrical energy and scale-up issues 
might be a concern. In order to overcome these potential limitations and to extend the scope of 
utilization of chiral imprinted metal surfaces to more traditional catalytic processes at low 
temperature, we have designed chiral imprinted Pt-Ir alloys supported on Ni foam for testing their 
application as heterogeneous catalysts for chiral synthesis. As illustrated in Scheme 2a, prochiral 
molecules are initially adsorbed at the enantioselective reaction sites and subsequently react with 
the hydrogen molecules present in the system. The hydrogenation process is selectively taking place 
under the influence of the local asymmetric environment to selectively produce chiral PE before the 
product is desorbed. Nevertheless, competing reactions at non-imprinted sites are unavoidable and 
mass transport limitations can slow down the evacuation of product, thus preventing the adsorption 
of fresh precursor molecules at the imprinted sites. This may lead to only modest enantioselectivity. 
In order to enhance the enantiomeric excess, a pulsed synthesis process, illustrated in Scheme 2b, in 
which product molecules are allowed to leave the surface during a certain waiting time without 
hydrogen supply, might be a promising alternative concept.  

During conventional asymmetric synthesis, chiral PE is produced via selective hydrogenation of 1 mM 
acetophenone in an aqueous solution under static hydrogen atmosphere. Chiral products were 
analyzed at different reaction times using high-performance liquid chromatography (HPLC). The 
retention times of ACE, RPE and SPE are 9.6, 11.2 and 11.9 min, respectively, as can be seen in the 
corresponding chromatogram in Figure S9.  

Several experimental parameters have an important influence on the final outcome of the synthesis. 
For example, the solution pH has a very significant effect on the catalytic performance, and a lower 
pH gives rise to a remarkable increase in enantiomeric excess from 49 to 80 %ee when decreasing 
the pH from 7 to 3 as illustrated in Figure S10 and Table S3. However, a too low pH (pH=1) results in a 
pronounced decrease in enantioselectivity (66 %ee) due to a too fast, and therefore unselective, 
reaction. The most suitable pH of the reaction medium is approximately 3, leading to a maximum 
enantiomeric excess. A control experiment carried out under the same conditions, but in the absence 
of chiral surface features with non-imprinted mesoporous Pt-Ir shows no significant 
enantiomericexcess (0.4 %ee). The error bar or the s.e.m. of the %ee values (±0.6 %), estimated by 
equation 2, confirms that without chiral features, there is no enantioselectivity. However, the Pt-Ir 
matrix imprinted with RPE exhibits a high %ee of 80.2 ± 2.7 % as mentioned above and shown in 
Figure 4a. When using a surface imprinted with SPE, the opposite scenario is observed with a 
preferential production of SPE as a desired product with 78.4 ± 3.1%ee. In addition, the impact of 
reaction time on the degree of enantioselectivity was studied in more detail. As can be seen in Figure 
4b, the enantioselectivity tends to decrease when prolonging the reaction time (79.6, 29.8 and 
4.0%ee for 5, 10, and 15 min reaction time, respectively) and physical blocking of the chiral active 
sites by organic compounds might be the origin of this observation 28. To better understand and 
eventually circumvent this passivation problem, the alloy has been used in a next set of experiments 
only for 5 min, followed by rinsing in water for 15 min, then immersed again in the same educt 



solution for another 5 min, followed by 15 min rinsing and then dipped a last time in the already 
partially converted solution for 5 min. This corresponds, as before, to global reaction times of 5, 10 
and 15 min, but interrupted by a cleaning step after every five minutes. Interestingly in this case the 
%ee measured after every step does not change, with an average value of 79.5%, irrespective of the 
global reaction time (see Figure S11 and Table S4). We can conclude that indeed a continuous 
prolonged exposure of the catalyst to the reaction medium leads to a blocking of the chiral sites, 
however this inhibition is reversible because full enantioselectivity can be recovered by simple 
rinsing in water.  

  

 

 

 

Scheme 2. Chiral phenylethanol is synthesized from the prochiral starting compound, acetophenone, 
using: a) a conventional hydrogenation process and b) pulsed hydrogenation at chiral imprinted Pt-Ir 
alloy surfaces. 

 



 

Figure 4 Analysis of reaction products from asymmetric hydrogenation of acetophenone: a) HPLC 
chromatograms of chiral products obtained by using chiral Pt-Ir alloy imprinted with RPE (red) and 
SPE (blue) as well as non-imprinted Pt-Ir (black); b) HPLC chromatograms of products obtained with 
RPE imprinted mesoporous Pt-Ir in 1 mM acetophenone for different reaction times using continuous 
conventional hydrogenation: 5 min (red), 10 min (brown), 15 min (green); c) and d) HPLC 
chromatograms of chiral products and histograms summarizing the enantiomeric excess (%ee) 
obtained with a chiral Pt-Ir alloy imprinted with RPE for three independent consecutive catalytic 
cycles in fresh educt solution for every cycle and rinsing in water after every full cycle: First catalytic 
cycle after a total reaction time of (i) 5 min (red), (ii) 7 min (orange), (iii) 9 min (light green); Second 
catalytic cycle after a total reaction time of (iv) 5 min (dark green), (v) 7 min (blue), (vi) 9 min 
(purple); (vii) Third catalytic cycle after a total reaction time of 5 min (brown). 

  

 

Figure 5. Pulsed asymmetric catalysis with chiral encoded Pt-Ir alloy supported on Ni foam a) HPLC 
chromatograms of products obtained with RPE imprinted mesoporous Pt-Ir in 1 mM acetophenone 
for continuous synthesis (black), pulsed asymmetric synthesis with a pulse time of 5 min (orange) and 



3 min (purple) with a total synthesis time of 15 min. The retention times of 11.2 and 11.9 min 
correspond to RPE and SPE, respectively. b) Relationship between the enantiomeric excess and 
catalytic efficiency comparing conventional and pulsed synthesis. 

 

In order to evaluate the global stability of the catalyst, the alloy has been used for several 
independent catalysis experiments, with intermittent rinsing in water only after every full catalytic 
cycle. For the first catalytic cycle, the enantioselectivity has been measured after different reaction 
times (5, 7, and 9 min), and decreases gradually from 82.0 to 58.6 and 42.5 %, respectively (Figure 4c 
and 4d). However, after rinsing in water and putting the catalyst again into a fresh educt solution for 
a second catalytic cycle, a high ee% of almost 80 % was again measured after a reaction time of 5 
min. No significant decrease is observed for the same reaction time during a third cycle. This 
comparison of individual %ee values for a given reaction time (e.g. for cases I, IV and VII in Figure 6d 
for 5 min reaction time) illustrates the high stability and reusability of the chiral alloy. As reported 
previously, the stability of the imprinted Pt-Ir is remarkably improved compared to the monometallic 
Pt analog due to the presence of Ir atoms in the Pt bulk, positively influencing the local cohesion 
energy.14d 

The enantiomeric excess can be optimized not only by using short reaction times as indicated above, 
but also by following a pulsed synthesis strategy (Scheme 2b). During a first step, the ketone educt is 
allowed to infiltrate the catalyst matrix in the absence of hydrogen. Once the prochiral precursor is 
adsorbed at the chiral reaction sites, hydrogen gas is flown into the reaction system for 5 min in 
order to generate the chiral PE product. Subsequently, the hydrogen flow is replaced by a stream of 
nitrogen for 15 min. During this relaxation period, the chiral product can desorb from the 
enantioselective sites, thus avoiding surface passivation (vide supra), and fresh precursor molecules 
can adsorb again at active sites for the next catalysis period in the presence of hydrogen. The 
hydrogen gas flow was switched on and off in several cycles to achieve high enantiomeric excess and 
an improved global yield. In a first set of experiments, a total catalytic reaction period of 15 min (3 
times 5 min) has been chosen in order to compare with the previous experiments for which 
hydrogen has been flowing continuously for 15 min. A remarkable increase in %ee from 4% to 79.8% 
is observed, which can be further improved to up to 85 % when using an even shorter pulse time of 3 
min (Figure 5).  

The amount of product generated per unit of H2 and catalyst is the second most important 
parameter in this type of experiments. With the current set-up, an overall catalytic efficiency, 
expressed by the amount of product with respect to amount of H2 and catalyst 
(moleproduct/(moleH2 moleactive sites)), in the range of 116 to 162 mol-1 is obtained, depending on 
the experimental conditions (Figure 5b). Although the catalytic efficiency slightly decreases when 
using the pulsed synthesis strategy, compared to continuous operation, this loss is compensated by 
the considerably improved enantiomeric excess.  

In order to further characterize the catalytic performance, %yield and enantiomeric excess are 
calculated and compared for conventional and pulse synthesis in Table S5. Hydrogenation of 
acetophenone on a chiral encoded bimetallic surface via a conventional procedure provides an 
average yield of 0.11% with only 4 %ee. Interestingly, when using pulsed conversion with short pulse 
durations of 5s and 3s, respectively, the %ee of phenylethanol is dramatically increasing to 80 and 
85%, with a slightly decreased yield of 0.08 and 0.09%. Even though these values are rather low, they 
can be considered as a significant improvement with respect to results reported in the literature for 
acetophenone reduction on a cinchonine-doped Pd (CN@Pd) surface4c. A very low yield of chiral 



product has been observed in this case, and in particular almost no ee% can be detected when the 
chiral template has been removed. Compared with the electroreduction of acetophenone using 
chiral imprinted bimetallic surfaces (Table S5),14d the %yield and %ee values obtained in the present 
work are quite similar. However, they could be achieved with much shorter reaction times, most 
likely due to the quasi 3D catalyst structure, ensuring an additional high active surface area. The 
overall yield might be further increased by optimizing the reactor design, for example via a flow-
through set-up, which would allow an easy and continuous switching between a H2 and N2 gas flow. 
However, this was not the primary goal of this study. We most importantly illustrate that pulsed 
asymmetric synthesis allows achieving high enantiomeric excess in heterogenous catalysis based on 
the use of the chiral imprinted metal structures, thus validating the concept as a promising 
alternative approach. 

 

 

Conclusion 

We have developed chiral imprinted mesoporous Pt-Ir alloys supported on high surface area Ni foam, 
obtained by electrodeposition in the simultaneous presence of a molecular chiral template and a 
lyotropic liquid crystal phase. The synergy between the porous Ni-foam and the mesoporous alloy 
leads to a hybrid material with interesting features in terms of catalytic behaviour. The prepared 
material retains chiral information even after the removal of chiral templates as evidenced by 
Differential Pulse Voltammetry. Most importantly, the Ni foam supported chiral Pt-Ir can be used as a 
heterogeneous catalyst for the asymmetric synthesis of phenylethanol by hydrogenation of 
acetophenone as a model compound. The resulting preferential formation of one enantiomer is 
attributed to the presence of chiral recognition sites in the porous metal structure. By fine-tuning the 
reaction conditions, especially when using pulsed synthesis, an enantiomeric excess of around 85 
%ee can be obtained, even when the material is employed for several successive catalytic cycles. This 
first example illustrates the catalytic performance of such a rather unconventional material and 
opens up interesting perspectives for the engineering of chiral surfaces for asymmetric synthesis of 
high added- value chemicals.  
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achieving high enantiomeric excess of one stereoisomer. 

S. Assavapanumat, S. Butcha, S. Ittisanronnachai, A. Kuhn, C. Wattanakit* 


