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Company  Website 

aƛŎǊƻǘǊŀŎ 
 

microtrac.com 

tŀǊǊ LƴǎǘǊǳƳŜƴǘ 
/ƻƳǇŀƴȅ 

 

parrinst.com 
 

wƛYŀǊōƻƴ 

 

rikarbon.com 

{ŎƘǊǀŘƛƴƎŜǊ 

 

schrodinger.com 

¢ƘŀƭŜǎbŀƴƻ 

 

thalesnano.com 

¦ƳƛŎƻǊŜ 
 

umicore.com 

   

Exhibitors at the 29th ORCS Conference 
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Thursday, 
February 13 

Title Authors Affiliations 

8:15-9:00 Keynote Lecture: In Situ 
Formation of Molecular Complexes 
from Heterogeneous Catalysts: 
Oxidative Functionalization of 
Alkanes, David Flaherty 

David Flaherty School of Chemical and 
Biomolecular Engineering, 
Environmental Science and 
Technology Building, Room 
2204, 311 Ferst Drive, 
Georgia Institute of 
Technology 

 Chemistry of Catalytic Materials   

9:00-9:25 MXenes as Thermal Catalysts for 
the Aldol Condensation and 
Oxidative Coupling of Aniline 
Reactions 

O. Pavel1, C. Bala1, B. 
Cojocaru1, P. Gonz§lez-
Dur§n2, P. Garc²a-Aznar2,  
L. Tian2, G. Sastre2, A. 
Primo2, Vasile Parvulescu 
1*, H. Garcia2  

1. Department of Org. 
Chem., Biochemistry and 
Catalysis, Univ. of Bucharest, 
030016-Romania 
2. Instituto Universitario de 
Tecnolog²a Qu²mica, Consejo 
Superior de Investigaciones 
Cient²ficas-Universitat 
Politecnica, Universitat 
Politecnica Valencia, 46022 
Valencia, Spain 

9:25-9:50 A Deeper Understanding of 
Heterogenous Catalyst Design 
Considerations to Optimize Your 
Flow Reactions 

Steve Wainwright Johnson Matthey, PO Box 1, 
Belasis Avenue, Billingham, 
TS23 1LB, UK 

9:50-10:20 Coffee Break Sponsored by Parr 
Instrument Company 

 

 Green & Sustainable Chemistry 
 

  

10:20-10:45 A New Vision for Bioethanol: 
Biocatalysis for Oxidation to 
Acetaldehyde Employing Process 
Intensification 

Victor K. Sharma, 
Prathusha Kothinti, 
Thomas Binder, Alan M. 
Allgeier 

Center for Environmentally 
Beneficial Catalysis and 
Chemical and Petroleum 
Engineering Departments, 
The University of Kansas, 
Lawrence, KS, 66045, USA 

10:45-11:10 Conversion of Lactates to Bio-
based Sustainable Acrylics over 
Bifunctional FAU Zeolite Catalysts  

Christopher P. Nicholas,1* 
Sophie Brauer,2 Benjamin 
R. Hoekstra,1 Lyle E. 
Monson,1 Isaac Mastalski,2 
Yutong Pang,2 
and Paul J. Dauenhauer2 

1. L¬kril Technologies 
Corporation, Chicago, IL 
60612 (USA) 
2. Chemical Engineering and 
Materials Science, University 
of Minnesota, Minneapolis,  
MN 55455 (USA) 

11:10-11:35 Electrocatalytic Conversion of 
Biomass-Derived Phenolic 
Compounds to Cycloalkanes 

Meheryar R. Kasad1,2, 
Christina M. Wark1, 
James E. Jackson3, Scott 
Calabrese Barton1 and 
Christopher M. 
Saffron1,2* 

1Dept. of Chemical 
Engineering and Materials 
Science, Michigan State 
University, East Lansing, 
MI 48824, USA   2Dept. of 
Biosystems and 
Agricultural Engineering, 
Michigan State University, 
East Lansing, MI 48824, 
USA 3Dept. of Chemistry, 



      
Michigan State University, 
East Lansing, MI 48824, 
USA 

11:35-12:00 New BioBased surfactants from food 
production sidestreams 

Alice di Matteo1, Nicoletta 
Ravasio1, Valeria 
Pappalardo1, Federica 
Zaccheria1, Shaun 
Leivers2, John-Erik 
Haugen2, Giuseppe 
Cappelletti3, Giovana 
Speranza3 

1CNR SCITEC ñGiulio Nattaò 
sede Golgi, via C. Golgi 19, 
20133 Milano, Italy 
2CNR Nofima, ¡s, Norway 
3Dept. Of Chemistry, 
Universit¨ di Milano, via C. 
Golgi 19, 20133 Milano, Italy 

12:00 Closing Remarks 
Shingo Watanabe Linde Advanced Material 

Technologies, 
ORCS Chair 

 

 

 

 

 

 

 

 

 

  



      

Technical Programs 

Monday Morning, February 10, 2025 

ǘƛƳŜ ŜǾŜƴǘ 
І млπCŜōπнр 

уΥнл π уΥол hǇŜƴƛƴƎ ǊŜƳŀǊƪǎΥ {ƘƛƴƎƻ ²ŀǘŀƴŀōŜ 
{Ŝǎǎƛƻƴ /ƘŀƛǊΥ YŀǊƭ !ƭōǊŜŎƘǘ 

уΥол π фΥмр м !ǳƎǳǎǘƛƴŜ !ǿŀǊŘΣ ¢ǳǊƴƛƴƎ ǇƻǊŜ ǎǘǊǳŎǘǳǊŜ ŀƴŘ ŎƻƻǊŘƛƴŀǘƛƻƴ ŜƴǾƛǊƻƴƳŜƴǘ ŦƻǊ 
ƻȄƛŘŀǘƛƻƴǎ ƻǾŜǊ ƛǊƻƴπōŀǎŜŘ ƳŜǘŀƭπƻǊƎŀƴƛŎ ŦǊŀƳŜǿƻǊƪǎΣ aƛŎƘŜƭŜ {ŀǊŀȊŜƴ 

фΥмр π фΥпл 

/ƘŜƳƛǎǘǊȅ ƻŦ /ŀǘŀƭȅǘƛŎ aŀǘŜǊƛŀƭǎ LΥ π ½ŜƻƭƛǘŜ Ŏŀǘŀƭȅǎƛǎ 
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ethanol and furfural 
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Introduction 
The industrial manufacturing of aromatic hydrocarbons is nowadays based almost 

exclusively on the carbon fossil feedstock. Since these compounds are widely used in industry 
as solvents as well as monomers for polymers and intermediates in the synthesis of 
pharmaceuticals, pesticides and many other chemicals, an alternative route to produce 
aromatics in a renewable way would represent a significant step forward towards independency 
from fossil feedstock[1]. Some alternatives to produce aromatics, in particular benzene, toluene 
and xylenes (BTX), have been proposed, starting from olefines and furan-derived compounds 
[2]. While these chemicals can be considered green and renewable being derived from biomass, 
several steps are needed to obtain them. A novel approach was recently proposed by Gancedo 
et al. [3], where BTX are produced starting from furfural (FFL) and ethanol (EtOH), both 
obtained from biomass through a limited number of steps. In that preliminary study, 
aromatization of FFL and EtOH is achieved by solid acid catalysts, namely the HZSM-5 
zeolite. This catalyst promotes dehydration of ethanol to ethylene, decarbonylation of furfural 
giving furan and subsequent condensation of these two products eventually forming BTX. 
However, some issues still should be solved, such as low selectivity towards BTX and catalyst 
deactivation due to coke formation. 

In the current work these preliminary studies were expanded by evaluating performance 
of different zeolites, tuning their morphology and the silica/alumina ratio (S/A). Moreover, the 
metal addition, such as zinc and gallium, was studied, with the aim of increasing the BTY yield 
and at the same time inhibiting catalyst deactivation. 

 

Materials and Methods 
The zeolites used in this research were purchased from Zeolyst International in the 

ammonia form and turned into the acid form by calcination at 550ÁC. The metal modification 
was done by first dissolving the metal precursor, namely a nitrate salt, in water (250 mL) and 
then using this solution to functionalize the zeolite either by ion-exchange or by evaporation 
followed by calcination at 550ÁC. The catalytic performance was evaluated in a plug flow 
reactor operating at 300-500ÁC, loaded with 1 g of the catalyst diluted with glass beads. The 
reactants were fed with the syringe pumps; FFL was purified prior to experiments by 
distillation under vacuum, whereas EtOH was used as such. The products were analyzed with a 
gas-chromatograph (liquid phase), a micro gas-chromatograph (gas phase) and Karl-Fischer 
titration. Fresh and spent catalysts were characterized with IPC-OES, TEM, SEM-EDX, 
nitrogen physisorption and pyridine adsorption combined with FT-IR. 

Results and Discussion 
First, the effect of the zeolite structure was investigated, finding that the only pristine 

zeolite able to form BTX in appreciable amounts is HZSM-5 in agreement with the recent 
results published by Gancedo et al. [4]. Moreover, the S/A strongly affects the catalyst 
performance, mainly deactivation by carbon deposition. To this end, S/A values that gave 
better results were 50 and 80, whereas the catalyst with the S/A of 23 similar to the only one 
reported in the literature[3], exhibited severe deactivation issues. Experiments with the single 
reactants (only EtOH or FFL) demonstrated that FFL is mainly responsible for the coke 
formation. Careful analysis of the carbon mass balance confirmed that formation of carbon 
occurs in two phases, with the first carbon formation deactivating the catalytic sites responsible 
for the BTX production, whereas the second phase completely blocks any catalytic activity. 
While addition of gallium did not significantly affect the BTX yield, it decreased the second 
coke formation. In the case of zinc, it can either promote the BTX production or coke 
formation, depending on the methodology of the metal introduction on the zeolite, and the 
subsequent acid properties of the material (Figure 1). In fact, the synthetic approach strongly 
affects the amount and ratio of Bronsted and Lewis acid sites, that is found to be the main 
parameter defining the catalyst performance. 

Figure 1. Total production of BTX before catalyst deactivation (at TOS = 150 min).  
Significance 

This work expands the current knowledge in the novel approach to produce BTX 
starting from ethanol and furfural, with a particular focus on the promotion effect of metal 
modifications. Developed catalysts are tested by Aalto University and VTT in aromatization of 
more complex raw materials. Moreover, in this project several industrial partners, such as 
Borealis, Neste, and Valmet are involved which contribution is gratefully acknowledged. 
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Introduction 
Heterogenous catalysts play a critical role in biomass or derived feedstock 

conversion to biofuels and biochemicals. Carbon material is frequently utilized as a catalyst 
support due to its high porosity, hydrothermal stability, and chemical inertness. Particularly, 
carbon-based materials are still the most important and practical for preparation of noble metal 
catalysts (e.g., Pt, Ru, Pd) [1, 2]. Advanced material science has explored the design and 
synthesis of various nanostructured carbon, such as one-dimension nanotubes or fibers and 
two-dimensional graphene sheets. From a practical application perspective, however, activated 
carbon (AC) and carbon black (CB) are typically an ideal first choice for carbon catalysts due 
to their low cost and widespread availability.  

The mechanical and chemical properties of the carbon including size, shape, 
strength, pore size and distribution, surface functionality, and thermal stability must all be 
considered when evaluating a catalytic support. These qualities can impact properties of the 
metal, thus impacting the activity and reactivity of a finished catalyst. Application of carbon in 
academic and industrial catalytic pursuits requires the fabrication of a support with specific 
form and shape for the desired process. In this work, highly mesoporous carbon pellets were 
designed and synthesized with various target chemical and physical properties. Strength, 
hydrothermal stability, surface area, porosity, and surface functionality were among the areas 
explored. The correlation between metal dispersion and physical and chemical properties of the 
carbon were investigated. Findings from this work provide new insights for designing and 
engineering mesoporous carbon supports for practical applications.  
 
Materials and Methods 

Carbon extrudates (diameter = 0.8 ï 3 mm) were made through a proprietary 
extrusion, drying and pyrolysis process at various conditions. BET (Brunauer-Emmett-Teller) 
surface area measurements were utilized to determine carbon surface area, and both nitrogen 
adsorption/desorption and mercury porosimetry were used to characterize pore size and 
structure. Surface chemistry was analyzed by TGA-IR. Bulk crush strength were measured by 
mechanical stress tests using a TA.HD+ instrument. Carbon size was measured using a 
Microtrac Partan3D analyzer. Catalysts were prepared using incipient wetness (dry) 
impregnation. Reactivity, longevity, and stability tests were carried out in a continuous flow 
reactor at various temperatures and pressures.     
 
Results and Discussion 
 Carbon supports were prepared and modified with a variety of different chemical 
and physical targets. It was found that the type of bio-binder utilized in synthesis had a 
significant impact on the mechanical strength of carbon pellets, while only slightly influencing 
BET surface area (150 ï 200 m2/g). No significant difference was observed in the pore size 
distribution (Ϥ40 nm, uniform). This consistent, targeted mesoporosity is highly desired in 
several catalytic applications. This structure varies greatly from typical commercial activated 

carbon pellets, which are frequently dominated by microporosity and high surface area (Ϥ1100 
m2/g).  

Pyrolysis temperature during synthesis was also explored. Increasing pyrolysis 
temperature was related to a linear increase in surface area, as shown in Figure 1a. Fines (<850 
Õm) generated under mechanical stress decreased with increasing pyrolysis temperature, which 
demonstrates an increase in mechanical strength. Results suggest that the dehydration, 
polymerization, and carbonization process of the bio-binder determines its interaction with 
carbon black, which in turn impacts the strength and porous structure of pellets.  

The size of the carbon extrudates and the surface functionality of the final carbon 
support greatly impact catalytic reactivity and stability. A glycerol hydrogenolysis process was 
utilized to demonstrate catalytic properties. Activity of catalysts supported on the mesoporous 
carbon trended directly with the length:diameter ratio of the carbon. Furthermore, various 
levels of carbon surface functionality were also considered. An increase in long term catalyst 
stability was seen when various surface functional groups were introduced to the carbon 
surface, as can be seen in the stability over 500 hours time on stream (ToS) in Figure 1b.   
 

 
Figure 1. (a) Carbon BET surface area and % fines from crush strength as a function of 
pyrolysis temperature, (b) glycerol hydrogenolysis conversion as a function of reaction time on 
a surface functionality modified carbon support and an unmodified support 
 
Significance 

Mesoporous carbon pellets have been successfully engineered and produced at 
commercial scale by controlling the binder system, extrusion conditions, and pyrolysis process. 
The impact of size, pyrolysis temperature, and surface functionality, have been thoroughly 
explored, allowing for the tailoring and customization of the carbon support for various 
applications. Findings from this work highlight the importance of rational design of supports 
for catalytic conversions. 
References 
1. Lam E., Luong J. H.T., ACS Catalysis 4, (2014) 
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There are two trends that drive the need for dedicated carbon carriers for fixed bed 
applications: on the one hand, in pharmaceutical and aroma chemical processes there is 
a strong desire to convert slurry beds to so-called 'flow chemistry', which is much more 
efficient and helps to prevent metal losses. On the other hand, there is currently a huge 
variety of new 'sustainable' processes coming up, such as waste recycling, deriving 
chemicals from biomass-based raw materials, and the production of hydrogen. All of 
those have in common, that the processes typically contain a huge portion of water and 
therefore are often carried out under harsh hydrothermal conditions, where standard 
carriers, such as alumina, silica or even zirconia are no longer a viable option. 
There are already some examples of carbon carriers on the market, but they often lack 
in mechanical stability, and they typically have only micropores, which induces serious 
diffusion issues, limiting the selectivity or yield. 
We present a new class of carbon carriers, which are almost purely mesoporous, and 
which show comparable mechanical features, as for instance to y-alumina extrudates, 
which are used routinely in large fixed bed applications. The new carriers remain fully 
stable under hydrothermal conditions at any pH value. The carbon material is already 
produced at ton-scale and has an industrial application in the production of sugar-based 
chemicals. 
We prepared Pt-Au/carbon catalysts with our new carrier material as well as other 
available activated carbon extrudates and compared the catalysts for the catalytic 
oxidation of glucose to glucaric acid over a continuous fixed bed.[1] 
The catalyst with our new carrier clearly showed the best yield and selectivity. 
 

Table 1. Yields and Selectivity for various Pt-Au/Carbon catalysts. 
 

Carrier type Yield Selectivity 
New carbon carrier 52% 87% 
Donau Suoersorbon K4-35 22% 66% 
Donau Supersorbon SX30 18% 68% 
Norit RX3 Extra 20% 70% 

In summary, a new carbon carrier is presented, that is predestined for the continuous 
conversion of larger molecules in fixed-bed processes, particularly under hydrothermal 
conditions. 
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DLP printing of porous ɔ-Al2O3 catalysts: a revolutionary shaping 
method for the efficient conversion of organic molecules 
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20500 Turku/¡bo, Finland. 
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Introduction 
3D printing is expected to revolutionize catalyst shaping as it paves the way for completely 
new solid catalyst architectures to meet the requirements of high mass and heat transfer rates 
[1]. Digital Light Processing (DLP) is a highly desirable approach among different printing 
alternatives owing to excellent printing resolution and high printing speed [2]. In DLP printing, 
UV-light radiation triggers the localized polymerization of a photocurable resin. The resin can 
be mixed with the catalyst material prior to DLP printing, resulting in a 3D object that 
comprises catalyst particles dispersed in a polymeric matrix (green body). The organic 
molecules are removed with thermal energy. Suitable mechanical stability is usually ensured 
with subsequent thermal sintering to consolidate the ceramic particles. However, this approach 
is detrimental in catalysis as it destroys the internal porosity of the catalyst. Herein, a new 
paradigm to DLP print pure ɔ-Al2O3 catalytic supports with suitable mechanical stability and a 
relevant surface area is presented. Infiltration of colloidal nanoparticles of boehmite was 
adopted to replace thermal sintering and to preserve the catalyst porosity. Deposition of gold 
nanoparticles was conducted on the 3D structures and the catalytic activity of the 3D printed 
catalysts was demonstrated in the oxidative dehydrogenation of bioethanol to acetaldehyde. 

Materials and Methods 
The ceramic resin for 3D printing comprised polyethylene glycol diacrylate as the reactive 
oligomer, phenylphosphineoxide as the photoinitiator, SUDAN III as the UV light adsorber 
and boehmite as the precursor ɔ-Al2O3. Propanol was used as non-reactive diluent. The de-
binded 3D printed objects were immersed in a 5 wt% colloidal boehmite solution to improve 
the mechanical stability. Deposition-precipitation of gold was performed using either urea 
(DPU) or ammonia (DP) as deposition agents. The catalytic experiments were carried out in a 
tubular reactor and the products were analyzed with online gas chromatography. 

Results and Discussion 
DLP printing enabled to print alumina supports with a high precision (Fig.1). The infiltration 
of colloidal boehmite successfully improved the mechanical strength of the 3D printed 
alumina. Indeed, a seven-fold increase in the compressive strength (from 0.3 to 2 MPa) was 
observed, making the catalyst structures stable for further processing. The method preserved 
the textural properties of the alumina: the surface area of the 3D printed elements was 150 
m2/g, a value only 15% lower than the correspondent alumina in powder form. The presence of 
different precursors and thus different speciation of gold in the liquid phase resulted in  
different penetration of gold in the porous alumina structure. When using urea as the deposition 
agent, gold was deposited exclusively on the outer surface, while a uniform distribution of gold 

was observed when using ammonia. The kinetic experiments proved the catalytic activity of 
the 3D printed objects (Fig.2a) and remarkable differences between different deposition 
methods were observed. As the gold nanoparticles were dispersed exclusively on the external 
surface, selective oxidation to acetaldehyde was partially enhanced as ethanol reacted mainly 
with the Lewis acid sites of the alumina support promoting dehydration reactions. The even 
distribution of gold substantially enhanced the oxidation properties as gold nanoparticles were 
available in the entire porous structure (Fig.2b). 
 

 
Figure 1. Design of printed geometries. CAD design (left), green body (center) and ɔ-Al2O3 
(right). 
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Figure 2. a) Ethanol conversion vs temperature and b) selectivity to acetaldehyde vs 
conversion. 

Significance 
The potential of the high resolution DLP printing was exploited to create a new standard for 
the design of catalyst structures with high geometrical complexity. The applications are 
expected to be vast: the flow properties can be tuned with the modern topology optimization 
tools and the geometry be realized by the constrain-free DLP printing technology. 
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Molecular Transition Metal Catalysts for Arene Alkylation and Alkenylation: Progress on 
Improved Catalysts and Mechanistic Understanding 
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Abstract 
          
 The selective catalytic functionalization of CïH bonds of hydrocarbons remains one of the 
foremost challenges facing synthetic chemists. For example, alkyl and alkenyl arenes are 
produced on a scale of billions of pounds per year. Current commercial catalysts (e.g., Friedel-
Crafts catalysts or zeolites) for arene alkylation are based on acid-mediated olefin activation. New 
catalysts that operate by a different pathway that involves transition metal-mediated CïH 
activation followed by olefin insertion into metal-aryl bonds offer potential advantages. The 
presentation will focus on the development and study of new transition metal catalysts for arene 
alkylation and alkenylation based on molecular complexes of Ru, Rh, Pd and Pt with an emphasis 
on Rh and Pd catalysts that convert arene, olefin and Cu(II) carboxylates to alkenyl arene with 
high selectivity and turnovers.   
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Isopropanol for Aqueous Organic Redox Flow Battery with PtCu Alloy 
Electrocatalysts 

Jinyao Tang, and Zhenmeng Peng* 
Department of Chemical Engineering, University of South Carolina, Columbia, SC 29208 

(USA) 
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Introduction 
Renewable energy sources generate power without greenhouse emissions, providing a 

sustainable and inexhaustible alternative to fossil fuels. Redox flow batteries (RFBs) emerge as 
a promising approach as moderately cost-effective large-scale energy storage systems. Organic 
redox flow batteries have garnered significant attention due to the  cost-effectiveness of earth-
abundant elements like carbon, hydrogen, oxygen, and nitrogen compared to the traditional 
vanadium-based flow batteries. Recently, isopropanol (IPA) has been investigated as a 
regenerative organic compound, undergoing oxidation to acetone (ACE), which could be 
reduced back to IPA. However, the catalysis of IPA/ACE presents challenges, particularly 
regarding catalyst poisoning, which reduces efficiency and lifespan. This necessitates the 
discovery of a new and more robust catalyst that can resist poisoning and maintain 
performance over time. In this study, we successfully synthesized and characterized PtxCu 
alloys with various Pt:Cu ratios and tested their catalytic activity of IPA oxidation, identifying 
that PtCu has the highest activity and stability. The temperature effect showed that the 
activation energy for IPA oxidation on PtCu is 14.42 kJ/mol at 0.45 V vs. RHE, while the 
concentration effect studies revealed that the IPA concentration is a dominant factor in reaction 
kinetics. Additionally, in-situ attenuated total reflectance-Fourier transform infrared 
spectroscopy (ATR-FTIR) showed that the poisoning species accumulate less on the PtCu 
surface compared to Pt. Finally, a PtCu-catalyzed IPA/ACE RFB demonstrated durability of 
over 200 cycles in an H-cell configuration.  

Materials and Methods 
The PtxCu (x = 1, 2, 3, 4) and Pt catalysts were synthesized by controlling the molar 

ratio of K2PtCl6 and Cu(NO3)2Ŀ3H2O precursors. For PtxCu, 0.1 mmol K2PtCl6 and the 
corresponding 0.1/x mmol Cu(NO3)2Ŀ3H2O were first dissolved in 19 mL DI water. Then, 78 
mg of carbon black was added to the solution with rigorous stirring at 500 rpm for 30 min, 
while purging with argon gas. Next, 150 mg of NaBH4 was dissolved in 1 mL H2O and added 
into the precursor dispersion, allowing the reaction to proceed for 1 h under argon protection. 
The product was then washed three times with DI water and vacuum dried at 70  overnight 
for further testing.   

Results and Discussion 
We successfully synthesized and characterized a series of PtxCu alloy catalysts with 

varying Pt:Cu ratios. These PtxCu catalysts were screened for stability in the IPA oxidation 
reaction by comparing the peak current density retentions for 100 cycles. PtCu emerged as the 
target sample due to its highest stability and lowest Tafel slope (Figure 1a). The 
electrochemical properties of PtCu catalyst for IPA oxidation were investigated under different 
scan rates, temperatures and concentrations. This result indicated that the IPA oxidation on 
PtCu is a diffusion-controlled reaction with a low activation energy of 14.4 kJ/mol at 0.45 V 

vs. RHE. The effect of IPA concentration revealed that a moderate concentration of 1 M IPA 
provided the highest stability. Kinetic analysis and mechanistic study on various IPA and H+ 
concentrations suggested that the first proton transfer is the RDS for IPA oxidation on PtCu, 
rather than the desorption of ACE, which contributes to its stability. 

In-situ ATR-FTIR spectroscopy was employed to identify the surface species formed 
during IPA oxidation on PtCu from 0 to 1.0 V vs. RHE with potential and time control. As 
illustrated in Figure 1b, the intensities of C-H stretching and bending increased with the 
applied potential [1, 2], indicating a rise in the surface coverage of IPA on the PtCu catalyst 
[3]. Additionally, the intensity of C=O feature bond at ~1682 cm-1 in ACE  increased gradually 
[1]. PtCu demonstrated a significantly lower ACE coverage compared to Pt, with a difference 
(ȹIPt-PtCu) of 0.23. As the potential increases, the value of ȹIPtCu of 0.06 is only half of ȹIPt, 
indicating a stronger resistance to ACE poisoning. This observation aligns with our kinetic 
calculation that the desorption of ACE is not RDS, while Pt exhibits lower stability due to ACE 
poisoning.  

 

Figure 1. a. Peak current densities of PtxCu samples (x = 1, 2, 3, 4) and Pt in 1 M HClO4 + 1 
M IPA for 100 cycles respectively. b. In-situ AIR-FTIR spectra of IPA oxidation on PtCu 
catalyst from 0 ï 1.0 V vs. RHE. 

Significance 
This study highlights the viability of PtCu catalysts in enhancing IPA oxidation 

performance, offering a pathway for more efficient and scalable energy storage solutions. An 
H-cell utilizing PtCu as the catalyst demonstrated promising cyclability over 200 cycles, 
highlighting the potential of IPA as a lower-cost alternative in energy storage systems. 
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Heck, Silicon Broke Baldwinôs Rules! 
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Abstract 

In 2010, the Nobel prize was awarded to Richard Heck for the palladium-catalyzed coupling 
reactions that he developed and the early mechanistic insights he shared that shaped our current 
understanding of the field of transition metal cross coupling. Replacing carbon with silicon 
(just one row down on the periodic table) proved to enable a viable new silyl-Heck 
methodology for constructing allyl and vinyl silanes. The silyl-Heck reaction was developed in 
the laboratory of Donald A. Watson at the University of Delaware (notably at the same Brown 
Laboratories where Heck's Labs once were) with first publication in 2012.  This talk will 
describe the development of the silyl-Heck reaction, rational design of second-generation 
catalysts, and the intramolecular silyl-Heck variants that proved to divert from Baldwin's Rules 
for favorable ring closures.  

References 
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A. Watson* Angew. Chem. Int. Ed. (2012) 3663-3667 
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10166-10172 
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Figure 1. The results of a palladium catalized intramolecular silyl-Heck reaction that diverge 
from what is expected in analogous carbon reactions. 





      

Tuesday Morning, February 11, 2025 

ǘƛƳŜ ŜǾŜƴǘ 
І {Ŝǎǎƛƻƴ /ƘŀƛǊΥ {ƘƛƴƎƻ ²ŀǘŀƴŀōŜ 

уΥол π фΥмр мс 
wŀƴŜȅ !ǿŀǊŘΣ ¢ƘŜ ǊƛǎŜ ƻŦ ƴƻƴπƴƻōƭŜ ƳŜǘŀƭǎ ƛƴ ƘƻƳƻƎŜƴŜƻǳǎ ŀƴŘ ƘŜǘŜǊƻƎŜƴŜƻǳǎ 
ŎŀǘŀƭȅǎƛǎΣ  
aŀǘǘƘƛŀǎ .ŜƭƭŜǊ 

фΥмр π фΥпл 

{ŜƭŜŎǘƛǾŜ /ŀǘŀƭȅǘƛŎ wŜŀŎǘƛƻƴ ƛƴ /ƘŜƳƛŎŀƭ {ȅƴǘƘŜǎƛǎ LLL π /ŀǊōƻƘȅŘǊŀǘŜ /ƘŜƳΦ 

мт όнύ /ƻƴǘƛƴǳƻǳǎ tǊƻŘǳŎǘƛƻƴ ƻŦ ·ȅƭƛǘƻƭ ƻƴ {ƻƭƛŘ CƻŀƳ /ŀǘŀƭȅǎǘǎΣ  DŜǊƳŀƴ !ǊŀǳƧƻπ.ŀǊŀƘƻƴŀ 
 

фΥпл π млΥлр му όмпύ ! {ǳǎǘŀƛƴŀōƭŜ /ŀǘŀƭȅǘƛŎ tǊƻŎŜǎǎ ŦƻǊ ǘƘŜ {ȅƴǘƘŜǎƛǎ ƻŦ {ǳƎŀǊ !ƭŎƻƘƻƭǎΣ  WƻǎŜ ¢ǊŜƧƻ 
 

млΥлр π млΥор tŀǊǊΥ /ƻŦŦŜŜ .ǊŜŀƪ ϧ bŜǘǿƻǊƪƛƴƎ  

млΥор π ммΥлл 

{ŜƭŜŎǘƛǾŜ /ŀǘŀƭȅǘƛŎ wŜŀŎǘƛƻƴ ƛƴ /ƘŜƳƛŎŀƭ {ȅƴǘƘŜǎƛǎ L±  
{Ŝǎǎƛƻƴ /ƘŀƛǊΥ bƛŎƪ .ǊǳƴŜƭƛ 

 

мф όсύ CƛǾŜπƳŜƳōŜǊŜŘ ŎȅŎƭƛŎ ŎŀǊōƻƴŀǘŜ ǎȅƴǘƘŜǎƛǎ ŦǊƻƳ ƭƛƳƻƴŜƴŜ ŘƛŜǇƻȄƛŘŜ ŀƴŘ /hнΥ ƳŜŎƘŀƴƛǎƳΣ ƪƛƴŜǘƛŎǎ ŀƴŘ Ƴŀǎǎ ǘǊŀƴǎŦŜǊΣ CŜŘŜǊƛŎŀ hǊŀōƻƴŀ 
 

ммΥлл π ммΥнр 
нл όннύ .!{C Dw99ƴ /!¢![¸{¢ ¢9/Ibh[hD¸ π {¦{¢!Lb!.[9 !b5 9CCL/L9b¢ tw9/Lh¦{ a9¢![ ¦{!D9Σ Iŀƴǎ 5ƻƴƪŜǊǾƻƻǊǘ 

 

/ŀǘŀƭȅǎƛǎ ŦƻǊ tƘŀǊƳŀŎŜǳǘƛŎŀƭǎ LΥ wƘ Ŏŀǘŀƭȅǎƛǎ  

ммΥнр π ммΥрл нм όммύ {ŎŀƭŀōƭŜ LƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ŀƴ 9ƴŀƴǘƛƻǎŜƭŜŎǘƛǾŜ 5ƛπwƘƻŘƛǳƳ /ŀǘŀƭȅȊŜŘ /ȅŎƭƻǇǊƻǇŀƴŀǘƛƻƴ ǘƘǊƻǳƎƘ ŀ wŜŀŎǘƛǾŜ !ǊȅƭŘƛŀȊƻŀŎŜǘŀǘŜ LƴǘŜǊƳŜŘƛŀǘŜΣ 9ǊƛŎ {ŀŎƛŀ 
 

ммΥрл π мнΥмр нн όмлύ CŀŎƛƭŜ wŜŎƻǾŜǊȅ ŀƴŘ wŜŎȅŎƭƛƴƎ ƻŦ ŀ {ƻƭǳōƭŜ 5ƛǊƘƻŘƛǳƳ /ŀǘŀƭȅǎǘ ƛƴ !ǎȅƳƳŜǘǊƛŎ /ȅŎƭƻǇǊƻǇŀƴŀǘƛƻƴ Ǿƛŀ ŀ /ŀǘŀƭȅǎǘπƛƴπ.ŀƎ {ȅǎǘŜƳΣ ¦ƴWƛƴ wȅǳ 
 

мнΥмр π мнΥор ¢ŜƴǘŀǘƛǾŜΥ vǳƛŎƪ LƴǘǊƻŘǳŎǘƛƻƴ ƻŦ hw/{ 9ȄƘƛōƛǘƻǊǎ ϦtƛǘŎƘ ǘƛƳŜΗΗϦ 
 

 

мнΥор π моΥол [ǳƴŎƘ ōǊŜŀƪ  ϧ bŜǘǿƻǊƪƛƴƎ 

 

 
 

 
 

 

  



The rise of non-noble metals in homogeneous and heterogeneous 
catalysis  
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Introduction 
The cost-effective and waste-free synthesis of materials, life science products and 

organic products of all kinds requires efficient chemical transformations. The development of 
more active and selective catalysts is a key factor in achieving improved processes and 
providing the basis for a sustainable chemical industry. Despite continuous progress in all areas 
of catalysis, there is still room for significant improvement in the sustainability and efficiency 
of organic syntheses and the industrial production of most chemicals.  
 
Results and Discussion 

The talk will show how new and improved homogeneous and heterogeneous non-
noble metal catalysts can be developed by learning from each other. In particular, the 
phenomenon of cooperative catalysis will be addressed in the context of non-noble metal-based 
catalysts. In particular, it will be shown that recently developed molecularly defined and 
nanostructured cobalt, nickel, and especially manganese and iron catalysts enable catalytic 
(de)hydrogenation processes with high yields and unprecedented selectivity. Examples 
demonstrating the potential of such catalytic processes with bio-relevant metal complexes 
compared to more traditional catalytic reactions will also include reactions for energy 
technologies. In addition, the principle of cooperative catalysis will be demonstrated in the 
context of modern palladium catalysts for carbonylation reactions. Through rational design, 
novel ligands and complexes have been synthesized that enable unprecedented efficiencies in 
such transformations.. 

 

 
Figure 1.  Schematic representation for the synthesis of single atom Fe-catalyst with 
mesoporous N-doped carbon support.  
 

As one example, the preparation of Fe-single atom catalysts (Fe-SACs) entrapped 
in N-doped mesoporous carbon support will be reported (Figure 1), which allows the 
preparation of different kinds of amines (Figure 2), which represent privileged class of organic 

compounds and find increasing application in daily life. The optimal Fe-SACs allow for the 
reductive amination of a broad range of aldehydes and ketones with ammonia and amines to 
produce diverse primary, secondary, and tertiary amines including N-methylated products as 
well as drugs, agrochemicals, and other biomolecules (amino acid esters and amides) utilizing 
green hydrogen.  
 

 
 
Figure 2. Reductive amination reactions with Fe-SACs. 
 
Significance 

New non-noble metal catalysts (both homogeneous and heterogeneous ones) have 
been prepared. Applying these catalysts a variety of hydrogenation and dehydrogenation 
reactions for chemical synthesis and green energy technologies can be performed with 
unprecedented efficiency. 
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Scalable Implementation of an Enantioselective Di-Rhodium Catalyzed 
Cyclopropanation through a Reactive Aryldiazoacetate Intermediate 
Eric R. Sacia, Stephen P. Lathrop*, Laurie B. Mlinar, Onkar N. Manjrekar, Kaid C. Harper, 
Steven M. Richter  
AbbVie, Inc., 1401 Sheridan Rd., North Chicago, IL 60064 
* corresponding stephen.lathrop@abbvie.com  

Introduction 

The synthetic versatility of diazo compounds in production of many pharmaceutically relevant 
functional groups is broadly reported.[1] Amongst the available transformations using diazo 
intermediates, cyclopropanation provides a compelling route to install a complex motif in high 
enantioselectivity.[2] However, low onset temperatures for exothermic, gas-generating 
decomposition of diazo intermediates provide significant challenges towards the safe, reliable 
implementation of these transformations on larger scale.  To mitigate risk, generation of the 
diazo intermediate from an aryl sulfonyl hydrazone via the Bamford-Stevens reaction in a 
base-mediated elimination provides diazo intermediates in high yield while minimizing 
accumulation of hazardous intermediates.  In this presentation, we will discuss the 
development of a continuous-flow process for the safe formation of a reactive aryldiazoacetate 
intermediate,[3] extraction of reaction byproducts, drying of the aryldiazoacetate, and its direct 
use in a fed-batch dirhodium-catalyzed enantioselective cyclopropanation reaction, particularly 
through the lens of process design, catalyst performance, and safety. 

Materials and Methods 
 Reagents and solvents were used as received without further purification unless stated 

otherwise. Rh2(S-TPPTTL)4 was prepared according to the literature procedure.[4] Purity 
results reported by HPLC are listed in area percent. Analytical HPLC was performed on an 
Agilent 1200 HPLC system equipped with a UV-DAD detector. DSC data was collected using 
a Mettler Toledo Differential Scanning Calorimeter. ARC data was collected using Netsch 
Accelerating Rate Calorimeter 254. Heat of reaction data along with gas flow measurements 
were collected using Omnical SuperCRC (Chemical Reactivity Calorimeter).  For large scale 
preparation of the aryldiazoacetate, the corresponding mesityl hydrazone was charged in 2.5 
equivalents of DCM and mixed with 1.1 equivalents of TMG in DCM using an inline helical 
static mixer.  The Bamford-Stevens reaction was allowed to proceed throughout the 30 minute 
residence time, and the reactor outlet was fed to a fed-bath reactor equipped with the targeted 
vinylpyridine, HFIP, 2-fluoropyridine, and the Rh2(S-TPPTTL)4 catalyst in DCM. 

Results and Discussion 
To facilitate this chemistry, an appropriate arylsulfonyl hydrazone starting material and 

organic soluble base was screened to enable a BamfordīStevens diazo-generating flow process 
at temperatures well below the thermal onset temperature.  Initial modifications of base to 
promote the elimination reaction of a tosylsulfonyl hydrazone showed that increasing base 
strength alone did not facilitate reaching targeted residence times (< 30 min).  By a 
combination of modification of base and aromatic substituent on the arylsulfonyl hydrazone, a 
20X improvement of rate was demonstrated, facilitating rapid conversion at temperatures 
further from the solution decomposition temperature. In order to enable the safe scale-up of 
this chemistry, first the degradation initiation temperatures of both the optimized 

mesitylsulfonyl hydrazone starting material (Tinit = 65 ÁC) and reaction solutions containing 
TMG were measured (Tinit = 52 ÁC).  Reaction conditions were selected that could still 
facilitate rapid kinetics to minimize aryldiazoacetate accumulation while avoiding conditions 
prone to thermal runaway. 

 
   Figure 1. Scheme demonstrating the Bamford-Stevens reaction to form the diazoester 
intermediate and enantioselective product via di-rhodium catalyzed cyclopropanation. 

 
To prevent deactivation of the catalyst in the subsequent cyclopropanation reaction, the 

BamfordīStevens reaction byproducts must be efficiently removed.  This was achieved via a 
continuous aqueous extraction using an in-line liquidīliquid membrane separator (Figure 1).  
Due to the negative impacts of water on the subsequent cyclopropanation, water levels below 
100 ppm in the final aryldiazoacetate solution were maintained by adsorption.  Finally, the 
kinetics of the cyclopropanation reaction with the Rh2(TPPTTL)4 catalyst were measured at 
small scale in an Omnical SuperCRC calorimeter and used to predict potential accumulation of 
the diazoacetate intermediate during fed-batch operation.  Performance vs. this model was 
assessed using Process Analytical Technology, specifically IR, which was also used to monitor 
reactive intermediate accumulation online during operation. 

The complete process was successfully executed on a 100 g scale, setting the 
foundation for the wider application of this and related chemistries on a kilogram scale in the 
future within AbbVie. The optimized reaction conditions led to a significant safety advantage 
in conducting the process in flow, reducing the aryldiazoacetate inventory during operation and 
maintaining catalyst performance throughout the duration of the synthesis.  

Significance 
This work reports the development and demonstration of a continuous-flow process for 

the safe formation, extraction, and drying of an aryldiazoacetate which enables direct use in a 
fed-batch dirhodium-catalyzed enantioselective cyclopropanation reaction to provide a 
cyclopropane derivative of interest for small molecule pharmaceutical production.   
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Introduction 
Chiral dirhodium carboxylates are pivotal catalysts for donor/acceptor carbene 

transformations, offering high yields and enantioselectivity in synthetic chemistry. However, the 
high cost and market volatility of rhodium necessitate effective catalyst reuse and recovery 
strategies to ensure economic viability. We herein introduce a ócatalyst-in-bagô concept for 
recovering and recycling homogeneous dirhodium catalysts in asymmetric cyclopropanation 
reactions. Drawing inspiration from recent advancements by the Davies group, we utilize large 
chiral dirhodium tetra-carboxylate catalysts, such as the C4-symmetric Rh2(S-TPPTTL)4 (MW 
2464) [1], which are significantly larger than typical reagents in carbene reactions. This 
substantial size difference allows for effective catalyst separation using a semipermeable 
membrane. We present a 'catalyst-in-bag' system that encapsulates these large catalysts within a 
reusable dialysis membrane, effectively minimizing rhodium loss and maintaining catalytic 
efficiency. We identify suitable membranes and conditions to allow transfer of reagents through 
the membrane, while retaining the catalysts in the bag, resulting in systems that maintain good 
yields (75%) and enantiomeric excess (90-94 ee%) for up to five cycles of recycling without loss 
of catalytic performance.  

Materials and Methods 
In a 20 mL vial equipped with a magnetic stir bar and 4¡ activated molecular sieves (~100 

mg, 100 wt%), styrene (115  ‘ὒ, 1.0 mmol, 5.0 equiv), 2,2-trichloroethyl 2-(4-bromophenyl)-2-
diazoacetate (74.5 mg, 0.200 mmol, 1.0 equiv.) and 10 mL of ethyl acetate were added and stirred 
for 5 min. The catalyst-in-bag containing Rh2(S-TPPTTL)4 (5.00 mg, 1.0 mol%) was soaked in 
ethyl acetate for 1 day and then placed in the vial. The solution was stirred overnight at room 
temperature. Upon reaction completion, while the solution was passed through a celite filter to 
remove the molecular sieves, the catalyst-in-bag was immersed in another vial containing 10 mL 
ethyl acetate for 2 hours to extract the products remaining inside the bag. The reaction mixture 
and washing mixture were then combined and concentrated under vacuum. The crude residue 
was purified by flash column chromatography. 

Results and Discussion 
Figure 1a describes the overall catalyst-in-bag system for cyclopropanation. This system 

utilizes a semi-permeable membrane shaped like a teabag [2] that contains the rhodium catalyst 
in place of tea leaves. The catalyst-in-bag design allows free passage of solvents and small 
substrates through the bag while effectively trapping the larger rhodium catalyst inside the bag. 
An on/off experiment confirmed the direct influence of the catalyst-in-bag on the reaction 

progress; removal of the bag halted the reaction, which resumed upon reintroduction. This 
demonstrates that the kinetic evaluation via in situ IR of the catalyst-in-bag system is not only 
reliable but also shows the integrity of the system.  

 
Figure 1. (a) Illustration of reaction-recycle-recovery workflow in the catalyst-in-bag system. 
(b) On/off test based on the presence or absence of a bag. 
 

To investigate the recyclability and stability of the catalyst-in-bag system, the bags were 
reused multiple times in EtOAc at 25ÁC. The membrane showed reproducible performance and 
that it could be reused for up to 5 cycles without any significant changes in yields and 
enantioselectivity compared the first catalyst-in-bag cycle. We evaluated the robustness by 
measuring rhodium permeation and reaction kinetics during continuous use. ICP-MS 
spectroscopy confirmed minimal rhodium leakage, with concentrations ranging from 1.9 to 3.5 
ppm in the external solution across all cycles. The kinetic profile measured via ReactIR also 
showed nearly identical reaction rates over the 5 cycles. These results demonstrate that the Bz-
membrane maintains a robust catalyst-in-bag structure during the 5 cycles of reaction, allowing 
the catalyst to be stored and reused.  
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Figure 2. Recycling studies of the catalyst-in-bag system. (a) Catalytic performance (Left bar: 
Yield (%), right line: ee(%)) (b) Kinetic studies using ReactIR. 

Significance 
Our catalyst-in-bag system offers a simplified approach for recycling dirhodium catalysts 

in cyclopropanation reactions. The system is adaptable, scalable, and has the potential for 
practical use with opportunities to improve efficiency through membrane optimization. 
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Title: The Role of Catalysis in Advanced Pharmaceutical Manufacturing 
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Abstract: Catalytic reactions in the pharmaceutical industry represent a major skill set that is 
required to assemble drug active ingredients.  Several examples will be provided of key steps in 
the preparation of global health drugs that require catalytic transformations to achieve their 
objectives. 
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Introduction 
Nitroarenes are common intermediates in pharmaceutical chemistry, serving primarily 

as precursors to more elaborated nitrogen-containing functional groups. As such, nitroarene 
reduction to corresponding anilines is a common transformation used in pharmaceutical 
manufacturing. While many methods are used to reduce nitroarenes, even at multi-kilo scales 
and beyond, the development of robust, safe, economical, and scalable chemical processes can 
be difficult. Furthermore, achieving high efficiency and chemoselectivity with highly complex 
substrates remains particularly challenging.  

Across our organization, attempts to employ more traditional metal-catalyzed reduction 
methods on advanced pharmaceutical intermediates, across multiple chemically distinct 
systems, have often not proven viable in terms of chemoselectivity or scalability. Evaluation of 
alternate catalytic systems for efficient and controlled nitroarene reduction highlighted a 
recently reported organocatalytic reduction method using bipyridine (BIPY) catalysts and 
diboron reductants. To better understand the viability of this chemistry for process 
development, we undertook a systematic evaluation of this reaction type. This chemistry serves 
as a useful case study of the process of adapting new reactions, particularly novel catalytic 
systems, for practical application beyond laboratory research scales.  

Materials and Methods 
General conditions for selective conversion of nitroarene substrates to the corresponding 

aniline are as follows (see Figure 1): Nitroarene substrate and 1-5 mol% 4,4ô-BIPY catalyst 
were dissolved in 10 vol DMF in a multi-necked reactor and stirred via mechanical/overhead 
stirring. 4.0 total equivalents of tetrahydroxydiboron (bis-boronic acid; BBA) were charged at 
25 ÁC in 1.0 or 0.5 equivalent portions, allowing each exothermic event to fully abate before 
the subsequent addition. After the final addition of tetrahydroxydiboron, the reaction was 
stirred for an additional ~10 minutes (generally ~30 minutes total reaction time) before 
assessing reaction completion by LC/MS. After full reaction conversion, product solids were 
precipitated by the addition of water to the reaction mixture. Solids were isolated by filtration, 
washed with 3 x 5 vol water, and dried under vacuum to constant weight. 

For catalyst, diboron source, and reaction solvent screenings, the procedure was 
generally consistent with the provided general conditions. 

 
 

   
Figure 1. General reaction conditions for BIPY-catalyzed diboron based nitroarene reductions. 

 

Results and Discussion 
A variety of specific reaction conditions were evaluated to optimize this reaction class 

for use at scales relevant to pharmaceutical manufacturing. Alternate pyridine catalysts were 
assessed, and several alternate catalysts were identified. Interestingly, catalyst loadings much 
lower than currently reported in the literature are well tolerated across a variety of substrates, 
with full conversion observed in < 60 minutes from 5.0-0.01 mol%. 

The effect of solvent identity was assessed, showing a distinct preference for polar-
aprotic solvents, particularly high-boiling polar aprotic solvents. While these solvents have 
attractive attributes for use at large scales, they also have shortcomings related to direct product 
isolation from reaction mixtures. To address these shortcomings, solvent doping studies were 
conducted in a wide range of organic solvents and were shown to rescue reaction conversion in 
most cases, thus expanding the viability of this reaction class for process development.   

This reaction system affords very rapid turnover and hence causes extreme and rapid 
exothermic events. Extensive evaluation of reaction conditions were conducted to understand 
and mitigate thermal hazards to enable kilo-scale operation. Portion-wise addition of diboron 
reductant using batch reaction conditions was found to be viable, but required additional safety 
and engineering controls. Alternatively, this reaction was found to be readily adapted to flow 
reaction systems, addressing process safety concerns but also complicating reaction isolation 
and increasing process mass intensity. Ultimately, this chemistry was demonstrated at 
kilogram-scale on multiple pharmaceutically relevant nitroarenes under both batch and flow 
conditions. 

Significance 
Herein we demonstrate the broad applicability of catalytic diboron-based nitroarene 

reduction for use kilogram scales, expanding the viability of this reaction class in process 
chemistry development. Further, this process optimization campaign serves as a useful case 
study to understand the challenges and rewards of adapting novel chemistry for use at 
industrial scales. 
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Navigating through challenging API intermediate synthesis scale up via 
heterogeneous catalytic hydrogenation in continuous-flow packed bed 
reactor 
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Abstract 
Continuous-flow hydrogenation (CFH) using packed bed reactors (PBR, aka trickle 

bed or fixed bed) is omnipresent in the petroleum and bulk chemical industry due to high 
performance, low cost, increased safety, and atom economy. In comparison, fine chemicals 
such as Active Pharmaceutical Ingredients (API) and intermediates are more complex, have 
lower production volumes, and shorter product cycles which have prompted the 
pharmaceutical industry to rely primarily on the existing infrastructure of multipurpose batch 
reactors.  Nevertheless, in recent years advanced technology and unique engineering solutions 
have considerably increased the prospects and successful trials of CFH within the 
pharmaceutical industry.  

In a multistep API synthesis, flow through heterogeneous catalysts confined in PBR 
offers opportunity to directly telescope into next step. Such flow-in-flow approach avoids work 
up involving hazardous and unstable compounds and pyrophoric catalysts, minimizes unit 
operations and streamlines the overall process. This advantage came to the fore in the desired 
API synthesis where an unstable intermediate formed in the hydrogenation step could be 
directly telescoped into the final step for API synthesis (Also, in flow). Lab development and 
scale up of the flow hydrogenation step using CFH/PBR involved navigating through various 
challenges primarily stemming from the use of a reducible solvent, product/catalyst stability, 
substrate purity and solubility.  The study highlights some of the challenges encountered and 
the applied mitigation strategies that resulted in successful demonstration of this step to 
manufacture kilograms of the desired API in a telescoped process. 
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Introduction 
Enlicitide decanoate (MK-0616) is a potential first-in-class oral PCSK9 inhibitor 

currently in Phase 3 clinical trial being studied for hypercholesterolemia and atherosclerosis. 
Its macrocyclic peptide structure consists of eight amino acids of which six are noncanonical. 
This study focuses on developing a heterogeneous flow hydrogenation process for reducing the 
nitrile group to amine and removing the Cbz protecting group from a proline-threonine 
dipeptide. A trickle bed flow reactor was employed, offering advantages such as minimal 
pressure drop, robust process control, and less impurity formation. The trickle bed reactor with 
identified granular catalyst optimized for selectivity, particle size and mechanical strength, 
ensured precise reaction parameter control and high yield. Catalyst lifetime and scalability used 
in flow hydrogenation process was evaluated under optimal reaction conditions, demonstrating 
successful scale-up of the flow hydrogenation process. Compare to its batch counterpart, the 
developed flow process significantly reduced catalyst usage, lowering production costs while 
improving efficiency and scalability. Furthermore, the integrating of a fiber-optic probe for 
real-time temperature monitoring across the catalyst bed facilitated process optimization. These 
advancements highlight the potential of this environmentally friendly, cost-effective flow 
hydrogenation, especially for large scale production. 



Closing the gap in Continuous Manufacturing: From Feedback Control 
to Real-Time Process Monitoring 
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Transmetalation and coupling reactions with Grignard reagents are rapid and highly 

exothermic, that can cause safety and selectivity issues during batch scale-up [1]. It has been 
well established that continuous flow processes can reduce or eliminate heat and mass transfer 
limitations, that are otherwise inhibitory in large-scale batch reactions [2]. At Takeda 
Pharmaceuticals, we have developed a flow chemistry platform comprised of two tubular and 
one stirred tank reactor for the generation and reaction of a Grignard reagent, affording an 
advanced intermediate for an active pharmaceutical ingredient currently under development.  

The process is highly sensitive to small changes in the stoichiometry of the reagents, 
resulting in the generation of hard to purge impurities. The process control strategy in 
manufacturing involved offline HPLC analysis and a multicriteria IPC strategy that ensured 
conversion was maximized and the levels of 2 key impurities were maintained below a critical 
level. This resulted in a 5-scenario IPC and a complex calculation table to adjust feed flow 
rates, that was prone to operator errors and required multiple attempts to successfully pass. 
Most importantly, it did not provide continuous monitoring of the process to ensure that 
disturbances were addressed, and product quality maintained. As an additional complication, 
one of the feed materials is prone to decomposition which causes a variable input concentration 
to the process.  

To measure the state of the process, we have implemented an online mid-FTIR to track 
the variable input materials as well as an online UPLC to track conversion and impurity levels. 
A multistage process control strategy was implemented utilizing real-time data from the FTIR 
to maintain input stoichiometry and a more advanced model predictive controller to maintain 
the desired critical quality attributes within range. While the UPLC yields reliable 
measurements this is at the cost of a low measurement frequency. To manage the low 
observability, we have implemented a data-driven soft sensor to fill in the gaps between the 
UPLC measurements allowing reliable implementation of continuous model predictive control. 
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Figure 1. Representation of the multistep continuous flow process towards the preparation of a 
key advanced pharmaceutical ingredient intermediate highlighting the use of in-line process 
analytical tools (PAT) such as FTIR and UPLC for the development and implementation of an 
advanced model predictive controller.. 
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Introduction 
Cosmetic emollients and poly-Ŭ-olefin (PAO) base oils together represent ~ $9 billion 

global market. The majority of the existing products are currently produced from petroleum, 
contribute significantly to greenhouse gas emissions. Mineral white oils and cyclosiloxane 
compounds are serving the emollient market for the past 5 decades. Currently, the use of 
cyclosiloxanes is restricted by REACH regulation because of their bio-accumulation. The 
consumption of mineral white oils is declining because of consumers negative perspective 
towards petroleum. Thus, global cosmetic brands and cosmetic manufacturers are seeking 
renewable alternatives for safer health and environment. Similarly, lubricant manufacturers are 
seeking renewable alternatives to mitigate regulations and avoid penalty associated with 
accidental release of conventional lubricants into the environmental. RiKarbon, Inc is 
developing a host of technologies to produce upcycle oils from abundant non-food biomass 
feedstock for the aforementioned applications. This presentation will provide a brief summary 
of our thermo-catalytic approach to valorize biomass into high value performance emollients 
and bio-PAOs.    

Materials and Methods 
Technologies have been developed and commercialized over the past decade to produce 

low carbon numbers oxygenated functional compounds, e.g. furanic compounds, from non-
food biomass such agricultural waste, forest wood residue, municipal solid wood waste etc. We 
procure such functional compounds having mature supply chain at a competitive price and 
upgrade them to branched hydrocarbons with unique structures and desirable viscosity and 
volatility ranges for the aforementioned applications. The upgrade process involves catalytic 
coupling and deoxygenation reactions in batch and fixed bed flow reactors with high energy 
efficiency and minimal separation complexity.  

Results and Discussion 
Several upcycled oils were synthesized by catalytic coupling and deoxygenation 

reactions. The coupling reaction between biomass derived alkylfurans and bio-aldehydes 
produced our upcycled oilôs precursors. Several homogeneous and solid Bronsted acid 
catalysts, e.g., sulfuric acid, acetic acid, solid sulfonic acid resins, sulfonic-acid-functionalized 
cross-lined polystyrene resins, microporous acid zeolites and phosphrous impregnated SiO2 
were tested for the synthesis of the precursor molecules.[1-3] Fluorinated Aquivion PW98 
catalyst performed the best among all resin catalysts and produced over 90% yield of precursor 
with >98% selectivity in 6 hr, at 65 oC and neat condition. Among microporous acid zeolites, 
HY gave a moderate yield, whereas HZSM-5 was ineffective because of diffusion limitation of 
large precursor molecules in microporous zeolites. A P-containing mesoporous siliceous (P-
SiO2) catalyst exhibited a high performance, and the yield of the precursor was comparable to 
Aquivion PW98 in much shorter reaction time (1.5 hr vs. 6 hr). Homogeneous phosphoric acid 
shows no activity, even with double the amount of P-concentration. No reaction occured using 
the filtrate of the catalyst, indicating that P-SiO2 functions as a heterogeneous catalyst.  

The precursors were then hydrodeoxygenated to the corresponding upcycled oils 
having branched carbon chain. Branching provides unique volatility and viscosity properties 
for end-use applications. The hydrodeoxygenation (HDO) reaction was performed using metal-
metal oxide catalysts [3, 4] and commercial base metal oxides. Up to 95% yield of upcycled 
oils observed. Mechanistic studies indicated that metal sites of the catalysts hydrogenates the 
furan rings of the precursors and mild acidic sites facilitate ring opening of the hydrogenated 
intermediates followed by dehydration of hydroxyl intermediates. High amount of water co-
product is formed in this step which covered the hydrophilic catalyst surface and inhibited the 
reaction during the process scale up in a batch reactor. This challenge was mitigated by 
performing the reaction in a process-intensified fixed bed flow reactor.      

Significance 
We developed a scalable and cost-competitive method to produce 100% bio-based 

renewable oils by upcycling non-food biomass feedstock for cosmetic and lubricant 
applications to mitigate customers regulatory pain, improve decarbonization and create product 
circularity. The end products have been evaluated by global companies and commercialized in 
collaboration with large entities.  
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Introduction 
Evonik is one of the worldôs leading specialty chemicals companies with operations in 

more than 100 countries. Evonikôs catalyst business has been a leader in the industry for more 
than 75 years and makes an important contribution to Evonikôs sustainability strategy. With the 
goal of driving the transformation of the chemical industry towards carbon neutrality, we are 
investing a significant share of our innovation resources into novel catalysts systems. We enable 
our customers to achieve sustainable, resource-efficient and profitable processes with solutions 
tailored to their needs, true to our promise óLetôs make a differenceô. 

Today, chemical businessesô cost optimized linear economy is based on fossil resources. 
Making use of bio-based feedstock is one way towards sustainability.1 Feedstock of the future is 
expected to move to bio-based and recycled waste. hydrogenation is a key process for the 
transformation of the feedstock into valuable downstream chemicals. Choosing the right catalyst 
for the specific challenges of such new feedstocks is essential for commercial success. 2 

 

Materials and Methods 
The catalysts shown in case studies were prepared using commercially available carbon, 

alumina and other supports and metal solutions under proprietary recipes. Characterization and 
testing of those catalysts was carried out using High Throughput Screening (HTS) parallel 
reactor autoclave system HP ChemCam II ï 8 batch reactors in parallel operation. Gas phase 
chromatography analyses were carried out on a ñ7890Bñ from Agilent equipped with a DB-wax 
30 m x 0.25 mm x 0.25 Õm. For the reuse/recycling studies a 100 ml ñLimbo 350ò from Buchi 
equipped with a gas inlet stirrer was used. 

 

Results and Discussion 
In this presentation, Evonikôs advancements on enabling sustainable circular economy 

will be highlighted, focusing on new catalysts developments and considerations on choosing a 
proper catalyst. In particular, the role of Precious Metal Powder Catalysts, sold under the brand 
of NoblystÈ P series, is explored. Those heterogeneous catalysts are typically used for slurry 
type reactions that are carried out in batch or continuous slurry or fixed bed process.  

 Evonik Catalysts provides expertise and support at all stages of commercialization: from 
the Lab scale through Pilot and Demo Plant stages to full-scale Plant Production, or, in other 
words, from grams to 100 kt of product. For both sustainability and profitability reasons, it is 
also important to consider subsequent recovery of the spent catalyst (ñthe precious metal loopò), 
which also is covered in this presentation. 

Three case studies will be shown as a demonstration of those principles. In the first case, 
ñDirect hydrogenation of fatty acids to alcoholsò, the slurry-phase hydrogenation of free fatty 
acids is discussed, showcasing challenges with typical catalysts used in this reaction and targets 

for catalyst improvement. High Throughput Screening (HTS) was utilized to identify the best 
performing catalytic system (Figure 1a), and gas chromatography was used to monitor activity 
of the reused catalyst and ensure the stability of the process (Figure 1b).  

 

 
Figure 1a. Case 1 - Catalyst Screening Study in the parallel Reactor Autoclave System. 

 
Figure 1b. Case 1 - Catalyst Reuse: product yield vs catalyst utilization cycle 

 
Second case covers direct hydrogenation of fatty acids to alkanes, and, in a similar 

manner, the third case discusses hydrogenation of succinic acid, one of the US DoE defined 
platform biomolecules. 
Significance 

Highlighted case studies demonstrate critical aspects to consider for designing a 
successful and economically viable catalytic process. . This not only includes the selection of 
the right catalyst, but also choosing the right strategy to ensure catalyst process stability for 
maximized product-to-catalyst ratio. 
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Introduction 

Research on new approaches toward generation and utilization of renewable energy 
sources has attracted much attention. Lignin based biomass has great potential in producing 
biofuels and other useful bulk chemicals upon being depolymerized if the oxygen contents are 
removed [1-3]. The earliest heterogenous approaches toward catalytic hydrodeoxygenation 
(HDO) of lignin molecules led to ring hydrogenation, thereby giving low energy density fuel. 
Selective hydrodeoxygenation (Selective HDO) is a potentially high impact approach towards 
generating high energy fuels from lignin components. This can be accomplished by selective 
deoxygenation of the lignin components with retention of aromatic rings.  

The hypothesis of this work is that the reactivity of supported Pd catalysts for the selective 
hydrogenation of benzyl alcohol, a model lignin compound, will be a function of Pd nanoparticle 
size.  Various methods and precursors have been employed to synthesize a series of Pd/silica 
catalysts with increasing nanoparticle size.   

Materials and Methods 

Synthesis of 2 wt% Pd on SiO2 supports was carried out by different methods [dry 
impregnation DI, charge enhanced dry impregnation (CEDI) and switched solvent synthesis 
(SwiSS)] and different metal precursors [Pd(NO3)2, K2Pd(NO2)4 and Pd(OAC)2]. Catalysts were 
characterized using XRD, STEM imaging and FTIR-CO adsorption. 

Results and Discussion 

From the characterization, XRD showed low particle size with CEDI, moderate size with 
SwiSS and large size with DI. In preliminary data at relatively high conversion, DI samples 
prepared with Pd(NO3)2 and Pd(OAC)2 showed full conversion (> 99 %) of benzyl alcohol and 
high selectivity towards toluene (> 99 %) while the Pd catalyst prepared using K2Pd(NO2)4 gave 
high selectivity (> 99 %) but low conversion (44 %). All the tests here were carried at 200  
and 2 bar H2 for 3 hrs.  

To accurately compare the effect of nanoparticle size in the kinetic regime (low 
conversion), activity was measured at 100  and 2 bar H2 pressure. The XRD of the Pd(NO3)2 
(Figure 1a) showed the Pd deposited on the silica surfaces in different sizes with CEDI (0.83 
nm) < SwiSS (3.1 nm) < DI (8.3 nm). From the HDO results, these catalysts showed different 
activities with DI catalyst giving higher conversion of benzyl alcohol to toluene followed by 
SwiSS with CEDI catalyst giving lowest activity within the run time ((Figure 1b).  It would thus 
appear that large nanoparticles have intrinsically higher reactivity than small particles.  

Chemisorption studies are underway to enable the calculation of turnover frequencies for the 
various nanoparticle sizes. 

 

      
(a)                                                                        (b) 

Figure 1. (a) XRD pattern of the Pd(NO3)2 catalysts; (b) Kinetic studies of the HDO of 
benzyl alcohol 
 

Further HDO tests were conducted on vanillyl alcohol, 2-methoxyphenol, 3-
methoxyphenol and 2-Methoxy-4-propylphenol. Vanillyl alcohol HDO in methanol generated 
two products (toluene and 2-methoxy-4-methylphenol) with retained aromatic rings and high  
conversion. 2-methoxy-4-methyl-phenol, 2-methoxyphenol, 3-methoxyphenol and 2-Methoxy-
4-propylphenol could not be activated in methanol even at increased temperature and pressure. 
Moreover, activating them in dodecane yielded nonselective products. Conversion recorded is 
in order of 2-Methoxy-4-propylphenol > 3-methoxyphenol > 2-methoxyphenol ~ 2-methoxy-4-
methyl-phenol. Exploring the possibilities of transfer hydrogenation from methanol or water 
solvent to cut down on hydrogen utilization and cost, we have carried out the studies in the 
absence of hydrogen gas. Methanol showed reduced conversion and selectivity when compared 
to H2 pressure while water showed poor conversion and selectivity. 

Significance 

Knowledge of a nanoparticle size effect on particular biomass conversions will guide 
catalyst synthesis for those systems.  
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Introduction 
Adipic acid (AA) is an essential component used to obtain Nylon-6,6, lubricants, 

fertilizers, adhesives, and insecticides. Obtaining this important substance from biorenewable 
feedstocks has been an object of investigation in the past few years, motivated by the 
environmental impacts of the conventional process. The ring-opening hydrogenolysis of furan 
2,5-dicarboxylic acid (FDCA) or tetrahydrofuran 2,5-dicarboxylic acid (THFDCA) has been 
proposed as an alternate route to obtain AA, However, high AA yields from these previous 
compounds has only been demonstrated using strong acids, harsh solvents, and ionic liquids, 
limiting its practical application. Besides, AA yields from furanic compounds using 
heterogeneous catalysts have been at most 38% [1]. Therefore, further investigations using 
solid catalysts are urgently needed to overcome challenges and transform this alternative route 
into a more competitive process. This study investigated the production of AA via the 
hydrodeoxygenation (HDO) of cellulose-derived tetrahydrofuran 2,5-dicarboxylic acid 
(THFDCA) by metal-metal oxide catalysts (4% wt. Pt-MOx/TiO2 and 4% wt. Pt/MOx - MOx: 
WOx, MoOx, and ZrOx) at varying temperatures (180ÜC, 220ÜC, and 240ÜC) and amounts of 
MOx (MOx:Pt molar ratio). Through the analysis of product distribution, reaction rates, catalyst 
characterizations, density functional theory (DFT) calculations, and Kinetic Monte Carlo 
(KMC) simulations, we gained insights into the role of interfacial sites on the surface of MOx. 
It was also observed that the dynamic interactions between functional groups and active centers 
also depend on temperature, and it is crucial to achieve a high selectivity towards AA. 

Materials and Methods 
Three different types of 4% wt. Pt-MOx/TiO2 (MOx: WOx, MoOx, and ZrOx) were 

prepared by a wet impregnation method, following the procedures in [1]. 
Tetraammineplatinum (II) nitrate, TiO2 P25, ammonium paratungstate, ammonium 
heptamolybdate tetrahydrate, zirconium (IV) oxynitrate hydrate, WO3, MoO3, and ZrO2 were 
used as received without further purification. The reactions to evaluate AA yields were 
performed using 50 mg of catalyst for 4 hours at 180ÜC and 220ÜC and 24 bar H2 as initial 
pressure in a stainless-steel rectangular prism reactor with a capacity for seven 1.5 mL reaction 
vials. Reaction rates were obtained using the same reaction system but with 5 mg of catalysts 
for 30 min of reaction. The product mixture was filtered using a 0.2 Õm syringe filters and 
measured in a HP 1260 series HPLC equipped with a Bio-Rad Aminex HPX-87 H (300 
mmĬ7.8 mm) column. An aqueous solution of 5 mM of H2SO4 was used as the mobile phase, 
with a flow of 0.5 mL minī1. The refractive index detector (RID) was used to measure the 
concentration of the compounds in the reaction mixture. The column and RID temperatures 
were 50ÜC and 35ÜC, respectively. H2-TPR, O2-pulse chemisorption, CO-pulse chemisorption, 

NH3-TPD, and isopropylamine titration experiments were performed in a Micromeritics ASAP 
2920È to characterize the catalysts reducibility, amount of O-VAC, noble metal dispersion, 
total acidity, and total amount of BAS. 

Results and Discussion 
The activity results show that only the catalysts that contain both Pt and Mo produced 

AA at 220ÜC, with yields of 24% for Pt-MoOx/TiO2 (4% wt. Pt, 1:1 Mo:Pt molar ratio) and 
34% for 4% wt. Pt/MoO3. At 180ÜC, these catalysts exhibited high selectivity towards reducing 
the carboxyl group. The observed products during the HDO of THFDCA suggest that 2-
hydroxyadipic acid (2-HAA) is the first intermediate after the ring-opening of THFDCA. 
Computational studies using DFT indicate that the hydrodeoxygenation of the OH group in the 
2C of 2-HAA takes place through an acid catalyzed dehydration mechanism, involving a 
Brßnsted acid site (BAS) from the surface of MoOx. The yield towards AA reached 55% at 
220ÜC and 65% at 240ÜC for both catalysts by increasing the amount of Mo to a theoretical 
TiO2 monolayer coverage (5:1 Mo:Pt molar ratio ï See Figure 1a) in 4% wt. Pt-MoOx/TiO2 
and decreasing the Pt content to 0.1% wt. in Pt/MoO3. O2-Pulse chemisorption coupled with 
the THFDCA consumption rate suggests that oxygen vacancy (O-VAC) sites are not involved 
in the ring-opening hydrogenolysis of THFDCA. CO-pulse chemisorption experiments show a 
decrease in CO-uptake as the amount of Mo is increased on 4% wt. Pt-MoOx/TiO2, indicating 
that Pt is being covered by MoOx particles (Figure 1b). On the contrary, decreasing the amount 
of Pt in Pt/MoO3 creates more active sites by the increase of Pt dispersion. For both cases, the 
highest AA yield is found in the catalysts where more Pt-MoOx interfacial sites are present on 
the surface (0.1 Pt/MoO3 and Pt-MoOx/TiO2 5:1 Mo:Pt molar ratio). 
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Figure 1. a) Product distribution from the HDO of THFDCA on 4% wt. Pt-MoOx/TiO2 at 
different Mo:Pt molar ratios. b) apparent Pt dispersion (%) on 4% wt. Pt-MoOx/TiO2 catalysts. 

Significance 
¶ It was proved that AA can be obtained via THFDCA at high yields by Pt-MoOx catalysts. 
¶ Chemical probe characterizations indicate that the ring-opening of THFDCA could take 
place in an interfacial site. 
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Introduction 
Chemical catalysis by platinum group metal (PGM) based materials is an essential synthetic 
technology in the fine chemical industry. The role of a catalyst is to accelerate the rate of a 
reaction, while not itself being consumed in the reaction. This allows target molecule 
production to be both efficient and economically viable. Supported (heterogeneous) PGM 
catalysts used in fine chemical reactions are made of platinum group metals particles (Pd, Pt, 
Ru, Rh) immobilised on a porous support (e.g. activated carbon, oxides, graphite). Their 
reactivity is controlled by a range of factors including the size and shape of the crystallites, 
their dispersion on the support, doping with other metals (e.g. Pb, Fe, Cu), the metal oxidation 
state and the nature of the support itself. 
 

Discussion 
A key consideration in catalyst and process design is the expected lifetime of the catalyst and 
the acceptable loss over time of catalytic activity and/or selectivity. It is important to prevent 
unexpected activity loss wherever possible, as this causes costly unplanned process shutdowns 
and early catalyst replacement. By more effectively identifying the root cause of the 
deactivation in a process the correct mitigation can be implemented in a timely and cost-
efficient manner.  
 
While all catalysts will experience a loss in performance, understanding and controlling the 
mechanisms behind that loss can vastly improve the economics of the process. This 
presentation will cover each of the main areas of deactivation and provide advice for 
identifying, preventing and/or overcoming deactivation in different catalytic systems.  
 
Catalyst deactivation can occur through a range of mechanical, chemical, and thermal 
processes. For simplicity, these can be grouped into five mechanistic groups: metal poisoning, 
metal loss, metal agglomeration, fouling, and support breakdown (Figure 1). 
 

 
Figure 1. Mechanisms of catalyst deactivation 

 
 

Significance 
While all forms of deactivation are possible, some affect slurry reactions, while others are 
more likely to occur in fixed-bed systems depending on the chemistry and process setup. 
However, all deactivation leads to the loss of available metal surface area and therefore an 
undesirable change to activity or selectivity in catalyst performance. 
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The current lack of sustainability of and the limited portfolio of recycling processes for synthetic 
polymers have posed serious threats to the environment. Using reaction pathway analysis, we are 
pursuing a portfolio of strategies for redesign and recycling of polymers for sustainability. Pyrolysis is a 
promising method for resource recovery from plastic waste that is compatible with current petrochemical 
infrastructure that thermally converts polymers in the absence of oxygen into valuable chemical 
feedstocks and monomer.  To provide further insight into polymer pyrolysis, a greater understanding of 
the mechanistic and kinetic details of the underlying reaction network is needed.  To handle the 
complexity of mechanistic modeling of polymer degradation, we have developed both continuum and 
kinetic Monte Carlo (kMC) models.  Alternatively, redesign efforts focusing on polymers that can be 
reused and recycled to monomers can lead to sustainable solutions for the plastics waste problem.  One 
pathway to success is to identify bioprivileged molecules, biology-derived chemical intermediates that 
can be efficiently converted to a diversity of chemical products, including both novel molecules and drop-
in replacements, and molecules emanating from them that can be used as monomers leading to recyclable 
polymers. We have developed a framework for molecule discovery and reaction pathway design that is 
automated and flexible and can be used to screen for bioprivileged candidates and target molecules.  The 
application to discovery of known and novel monomers for poly(hydroxyurethanes) that are derived from 
biobased molecules and lead to recyclable materials will be discussed, and computational methods to 
evaluate the recyclability of different polymers will be outlined. 
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Introduction 

Acetic acid (AA) is industrially synthesized via methanol carbonylation in the Cativa 
process, which relies on a corrosive HI promoter and expensive homogeneous complexes, 
[IrI2(CO)2]- and [RuI2(CO)3]. [1] It requires an energy-intensive separation to recover the 
precious catalyst. Recently, a heterogeneous catalyst - atomically dispersed ReO4 supported on 
an inert mesoporous SBA-15 - has shown promise for methanol carbonylation, achieving over 
93% selectivity toward AA and 60% methanol conversion over a 60-hour reaction. [2] However, 
experimentally determining the structure of the catalytic site responsible for this activity remains 
challenging, and the atomistic picture of the mechanism is not well understood. In this study, a 
mechanistic investigation for methanol carbonylation on silica-supported monopodal ORe(=O)3 
sites is conducted using density functional theory (DFT), natural bonding orbital (NBO) analysis, 
and microkinetic modeling.  
 
Materials and Methods 

DFT calculations for reaction intermediates and transition states (TS) were performed 
using ORCA 5.0.4. The large basis set ma-def2-TZVP and ɤB97x-D3BJ functional were 
employed. The NBO analysis was carried out with the NBO7 program, utilizing the same basis 
set. To evaluate the feasibility of proposed mechanisms, the energetic span model was applied 
to the explored catalytic cycles and compared with the experimentally derived energy span.  
 
Results and Discussion 

We hypothesized that methanol carbonylation on ReOx/SiO2 proceeds through a 
series of elementary reactions analogous to the Cativa process: (1) C-O bond scission of -OCH3 
to form -CH3, (2) C-C coupling between -CO and -CH3 to form -COCH3, and (3) C-O bond 
formation of -COCH3 and -OH. Various ligand configurations were systematically screened to 
modulate the barriers and the thermochemistry of individual reactions, aiming to identify ligand 
combinations that minimize the energy span. 
 
(1) CïC coupling: this elementary step was found to be kinetically favorable in both Re(V) (Y 
= O) and Re(III) (Y = CO) complexes in experiment (Figure 1A). Notably, the reaction barriers 
for C-C coupling on Re (III) complexes are consistently lower than those on Re (V) complexes 
across all cases of X ligands. NBO analysis of the TS electronic structures revealed that the 
reduced activation energy barriers of Re (III) complexes stem from the delocalization of one of 
the two metal lone electron pairs. In contrast, Re(V) complexes retain a single localized lone 
pair, which hinders interaction with the C-C antibonding orbitals.  
 
(2) C-O bond cleavage: As shown in Figure 1B, this reaction proceeds more favorably on Re(V) 
sites. Reducing the oxidation state to Re(III) by replacing Y=O with Y=CO  significantly 
increases the activation energy barrier, thereby inhibiting the reaction. The NBO analysis reveals 
that in the Re (V) cases, the lone pair delocalizes into the antibonding orbital of the OïCH3 bond, 

weakening the bond and facilitating cleavage, thereby stabilizing the TS complexes. In contrast, 
in the Re (III) cases, the lone pair participates in back-donation between the CO ligand and the 
Re center, rendering it unavailable for TS stabilization. For Y = vacant, the ORe(OCH3)(X) 
complexes are under-coordinated and unstable. Although the reaction barriers in this case are 
comparable to those for Re(V) complexes, NBO analysis indicates that these low barriers are not 
associated with the Re lone pairôs effect on the TSs, as observed for Re(V).  
 

 
Figure 1. Electronic energy barriers of (A) C-C coupling and (B) C-O scission on various Re 
sites and the natural orbitals of Re lone pairs.  
 
Figure 2 demonstrates the primary limitation to the catalytic activity of single-atom Re sites: 
higher oxidation states limit CO binding after C-O bond scission (forming Re(VII)), while lower 
oxidation states hinder CïO cleavage due to a large reaction energy, causing a thermodynamic 
sink in the catalytic cycle. Thus, we 
propose that multiple Re atoms with 
different oxidation states are 
required to explain catalytic activity, 
suggesting a more intricate, 
polynuclear active site structure.  
 
Significance 
This work systematically eliminates 
several potential mechanisms and 
highlight the critical role of Re 
reduction in catalyst activation. 
While CïC coupling is kinetically 
favorable, especially in Re(III) 
complexes due to TS stabilization, 
CïO bond scission poses challenges, 
either leading to the formation of inactive Re(VII) complexes or encountering high energy 
barriers. These findings suggest that the observed high catalytic activity likely involves 
multinuclear sites or unconventional ligand environments enabling cooperative mechanisms. 
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Figure 2. Electronic reaction energies (bars) and 
electronic barriers (circles) of the C-O bond cleavage on 
Re (V) and Re (III) for different ligands X. 
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Molecular Catalysts Design with Massively Parallel 

Physics-Based Computational Workflow 
 

Pavel A. Dub 
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Identification of molecular catalysts capable of providing both high selectivities and 

reaction rates is a great challenge for modern homogeneous catalysis, traditionally relying 

on a long and expensive trial-and-error approach. Here we describe a digital approach 

for molecular catalyst design based on the first-ever computational workflow that can 

predict both catalystôs selectivity and/or turnover frequency from quantum mechanics. 
 ��

 
Fig. 1. Schrºdinger Automated Digital Workflow for Homogeneous Catalyst Design. 
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Introduction  
Selective conversion of lactic acid to acrylic acid has been a major challenge over the 

last 25 years, with yield of acrylics rarely greater than 50-60% over most catalysts studied. For 
experimental ease, we often utilize alkyl lactates (ML/EL) as feed in our studies, while 
maintaining the same dehydration mechanism as for lactic acid. Two primary conversion paths 
are postulated. Dehydration occurs on the sodium sites and involves the lactate hydroxyl group 
and decarbonylation occurs on Brønsted acid sites (BAS) and involves the lactate carboxylate 
group. Selectivity can be tailored through modification of BAS site population via titration. [1]  

As ML approaches a Na-FAU site, ion exchange / hydrolysis yields sodium lactate, 
methanol, and a BAS. Therefore, sodium lactate is proposed to only undergo dehydration to 
sodium acrylate on the in-situ generated BAS. Reverse ion exchange between sodium acrylate 
and the BAS then generates acrylic acid as the primary dehydration product and regenerates a 
Na-FAU sites for subsequent catalytic cycles.  

Meanwhile, decarbonylation is proposed to occur when ML displaces sodium lactate 
on a BAS. Decarbonylation of ML over BASs at elevated temperatures is known. [2] 
Decarbonylation produces byproducts of methanol, carbon monoxide, and acetaldehyde. 
Introduction of a nonreactive titrant, such as pyridine [1], alkyl substituted pyridines [3], or 
multifunctional amines [4] that bind on BASs can suppress methyl lactate decarbonylation and 
improve dehydration selectivity. We study FAU based catalyst formulations with engineered 
base additives and their impact on the catalytic performance. Lactate hydrolysis becomes 
important and was studied because during our experimental evaluation of the catalytic 
dehydration of alkyl lactates, aqueous 6.9 mol% (30 wt%) solutions of methyl and ethyl lactate 
were observed to slowly accumulate alcohol and lactic acid in storage at room temperature [5].  
 
Materials and Methods 

Reactivity measurements were performed at atmospheric pressure using a catalytic 
packed bed reactor contained in a modified Agilent gas chromatography (GC) inlet or fixed bed 
lab plants at 1-20g loading using improved GC methods [6]. Dehydration reaction temperature 
was 300ºC, WHSV varied from 0.2 to 7.5 h-1. Catalysts varied according to reaction. Feed was 
typically aqueous methyl lactate solutions of 30wt%. Prior to reaction, the catalyst bed was 
calcined in situ under helium or nitrogen at 300°C for 2 to 10 h. Continuous liquid reactant flow 
used a Cole-Parmer 78-8110C syringe pump to a vaporizer embedded in the valve box of the 
GC, or to a separate vaporizer at larger scale where the liquid reactant feed was vaporized and 
carried by the carrier gas to the reactor. Reaction effluent was separated using an HP-FFAP 

column (Agilent Technologies) and analyzed using a quantitative carbon detector (QCD, 
Polyarc) in conjunction with a flame ionization detector (FID). 
 
Results and Discussion 

1,2-bis(4-�S�\�U�L�G�\�O���H�W�K�D�Q�H�� �������%�3�(���� �D�Q�G�� �������¶-trimethylenedipyridine (44TMDP), at a 
nominal loading of 40wt% or two molecules per Na-FAU supercage, afforded a dehydration 
selectivity of 96+3% over 2000 min time on stream, exceeding the selectivity target of 90% for 
commercial viability. Amine loadings in Na-FAU remained constant for 12BPE but decreased 
as much as 83% for 44TMDP. Although 12BPE and 44TMDP have molecular sizes 
approximately 90% of the Na-FAU window opening diameter, infrared spectroscopy indicated 
that both flexible amines interact with internal active sites of Na-FAU. Tuning the weighted 
hourly space velocity (WHSV) from 0.9 to 0.2 h-1 afforded a yield as high as 92% at a selectivity 
of 96% with 44TMDP impregnated Na-FAU, demonstrating the highest yield reported to date. 

Significance 
Commercialization of lactic-to-acrylic 
technologies need yields of ~90�����W�R���D�F�K�L�H�Y�H���F�R�V�W���S�D�U�L�W�\���Z�L�W�K���W�R�G�D�\�¶�V���S�H�W�U�R�F�K�H�P�L�F�D�O�O�\���G�H�U�L�Y�H�G��
acrylics. The FAU based bifunctional catalysts modified with engineered bases studied here 
allow drop-in replacement of acrylics with a sustainable, bio-based alternative at similar cost. 
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Figure 1. Lactate hydrolysis occurs in water with mechanism depending on concentration. 
Methyl lactate dehydration selectivity over amine impregnated Na-FAU in this work 
compared to values from literature over zeolites, inorganic salts, and hydroxyapatite.  



�(�O�H�F�W�U�R�F�D�W�D�O�\�W�L�F���&�R�Q�Y�H�U�V�L�R�Q���R�I���%�L�R�P�D�V�V���'�H�U�L�Y�H�G���3�K�H�Q�R�O�L�F���&�R�P�S�R�X�Q�G�V��
�W�R���&�\�F�O�R�D�O�N�D�Q�H�V��

�0�H�K�H�U�\�D�U���5�����.�D�V�D�G�������
�����&�K�U�L�V�W�L�Q�D���0�����:�D�U�N�������-�D�P�H�V���(�����-�D�F�N�V�R�Q�������6�F�R�W�W��
�&�D�O�D�E�U�H�V�H���%�D�U�W�R�Q�����D�Q�G���&�K�U�L�V�W�R�S�K�H�U���0�����6�D�I�I�U�R�Q�������
��������
�����±���'�H�S�W�����R�I���&�K�H�P�L�F�D�O���(�Q�J�L�Q�H�H�U�L�Q�J���D�Q�G���0�D�W�H�U�L�D�O�V���6�F�L�H�Q�F�H�����0�L�F�K�L�J�D�Q���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����(�D�V�W��
�/�D�Q�V�L�Q�J�����0�,�����������������8�6�$������
�����±���'�H�S�W�����R�I���%�L�R�V�\�V�W�H�P�V���D�Q�G���$�J�U�L�F�X�O�W�X�U�D�O���(�Q�J�L�Q�H�H�U�L�Q�J�����0�L�F�K�L�J�D�Q���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����(�D�V�W��
�/�D�Q�V�L�Q�J�����0�,�����������������8�6�$��
�����±���'�H�S�W�����R�I���&�K�H�P�L�V�W�U�\�����0�L�F�K�L�J�D�Q���6�W�D�W�H���8�Q�L�Y�H�U�V�L�W�\�����(�D�V�W���/�D�Q�V�L�Q�J�����0�,�����������������8�6�$��
�
���F�R�U�U�H�V�S�R�Q�G�L�Q�J���V�D�I�I�U�R�Q�F�#�P�V�X���H�G�X��

�,�Q�W�U�R�G�X�F�W�L�R�Q��
�7�K�H�� �W�K�H�U�P�R�F�K�H�P�L�F�D�O�� �G�H�F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�I�� �O�L�J�Q�R�F�H�O�O�X�O�R�V�L�F�� �E�L�R�P�D�V�V�� �E�\�� �I�D�V�W�� �S�\�U�R�O�\�V�L�V�� �I�R�U�P�V��

�E�L�R���R�L�O�V�� �U�L�F�K�� �L�Q�� �S�K�H�Q�R�O�L�F�� �F�R�P�S�R�X�Q�G�V���� �7�K�H�V�H�� �D�U�R�P�D�W�L�F�� �R�[�\�J�H�Q�D�W�H�V�� �F�D�Q�� �E�H�� �F�D�W�D�O�\�W�L�F�D�O�O�\��
�K�\�G�U�R�G�H�R�[�\�J�H�Q�D�W�H�G�� �W�R�� �F�\�F�O�R�D�O�N�D�Q�H�V���� �S�R�W�H�Q�W�L�D�O�� �F�D�Q�G�L�G�D�W�H�V�� �I�R�U�� �V�X�V�W�D�L�Q�D�E�O�H�� �D�Y�L�D�W�L�R�Q�� �I�X�H�O��
�E�O�H�Q�G�V�W�R�F�N�V���� �7�K�H�� �S�U�H�V�H�Q�W�� �V�W�X�G�\�� �L�Q�Y�H�V�W�L�J�D�W�H�V�� �D�T�X�H�R�X�V���S�K�D�V�H�� �H�O�H�F�W�U�R�F�D�W�D�O�\�W�L�F�� �K�\�G�U�R�W�U�H�D�W�P�H�Q�W��
���(�&�+���� �R�I�� �S�K�H�Q�R�O�L�F�� �F�R�P�S�R�X�Q�G�V�� �X�Q�G�H�U�� �P�L�O�G�� �F�R�Q�G�L�W�L�R�Q�V�� ���”�� ������ �•�� �D�Q�G�� �D�W�P�R�V�S�K�H�U�L�F�� �S�U�H�V�V�X�U�H������
�X�W�L�O�L�]�L�Q�J���K�\�G�U�R�J�H�Q���H�T�X�L�Y�D�O�H�Q�W�V���S�U�R�G�X�F�H�G���L�Q���V�L�W�X���E�\���Z�D�W�H�U���V�S�O�L�W�W�L�Q�J�����8�V�L�Q�J���U�H�Q�H�Z�D�E�O�H���H�O�H�F�W�U�L�F�L�W�\��
�I�U�R�P���V�R�O�D�U���D�Q�G���Z�L�Q�G���H�Q�H�U�J�\�����(�&�+���P�D�\���H�Q�D�E�O�H���E�L�R���R�L�O���X�S�J�U�D�G�L�Q�J���D�W���U�H�J�L�R�Q�D�O���G�H�S�R�W�V���Q�H�D�U���E�L�R�P�D�V�V��
�S�U�R�G�X�F�W�L�R�Q���D�U�H�D�V����

�0�D�W�H�U�L�D�O�V���D�Q�G���0�H�W�K�R�G�V��
�$�F�W�L�Y�D�W�H�G�� �F�D�U�E�R�Q�� �F�O�R�W�K���V�X�S�S�R�U�W�H�G�� �U�X�W�K�H�Q�L�X�P���D�Q�G���S�O�D�W�L�Q�X�P�� ���5�X�3�W���$�&�&���� �H�O�H�F�W�U�R�F�D�W�D�O�\�V�W�V��

�Z�H�U�H���V�\�Q�W�K�H�V�L�]�H�G���E�\���L�Q�F�L�S�L�H�Q�W���Z�H�W�Q�H�V�V���L�P�S�U�H�J�Q�D�W�L�R�Q���I�R�O�O�R�Z�H�G���E�\���U�H�G�X�F�W�L�R�Q���X�Q�G�H�U���K�\�G�U�R�J�H�Q���J�D�V��
�D�W�� �������� �•���� �(�&�+�� �R�I�� �D�O�N�\�O�� �D�Q�G�� �D�O�O�\�O���V�X�E�V�W�L�W�X�W�H�G�� �S�K�H�Q�R�O�L�F�� �F�R�P�S�R�X�Q�G�V�� �Z�D�V�� �L�Q�Y�H�V�W�L�J�D�W�H�G�� �R�Q�� �W�K�H��
�5�X�3�W���$�&�&���H�O�H�F�W�U�R�F�D�W�D�O�\�V�W�V���L�Q���E�D�W�F�K���P�R�G�H���J�D�O�Y�D�Q�R�V�W�D�W�L�F���H�[�S�H�U�L�P�H�Q�W�V�����U�X�Q���L�Q���G�L�Y�L�G�H�G���+���F�H�O�O�V������

�3�U�R�S�R�V�H�G�� �U�H�D�F�W�L�R�Q�� �S�D�W�K�Z�D�\�V�� �Z�H�U�H�� �D�V�V�H�V�V�H�G�� �E�\�� �T�X�D�Q�W�X�P�� �F�K�H�P�L�F�D�O�� �F�R�P�S�X�W�D�W�L�R�Q�V�� �W�R��
�G�H�W�H�U�P�L�Q�H�� �W�K�H�U�P�R�G�\�Q�D�P�L�F�D�O�O�\�� �I�D�Y�R�U�D�E�O�H�� �P�H�F�K�D�Q�L�V�P�V���� �)�L�U�V�W�� �W�K�H�� �E�L�Q�G�L�Q�J�� �H�Q�H�U�J�L�H�V�� �R�I�� �S�D�W�K�Z�D�\��
�U�H�O�H�Y�D�Q�W�� �V�S�H�F�L�H�V�� �Z�H�U�H�� �F�D�O�F�X�O�D�W�H�G�� �R�Q�� �5�X�� �D�Q�G�� �3�W�� �V�L�Q�J�O�H���I�D�F�H�W�� �V�X�U�I�D�F�H�V���� �2�S�W�L�P�L�]�H�G�� �D�G�V�R�U�S�W�L�R�Q��
�F�R�Q�I�L�J�X�U�D�W�L�R�Q�V���I�R�U���D���J�L�Y�H�Q���P�R�O�H�F�X�O�H���Z�H�U�H���W�K�H�Q���X�W�L�O�L�]�H�G���W�R���D�V�V�H�V�V���W�K�H���U�H�D�F�W�L�R�Q���W�K�H�U�P�R�G�\�Q�D�P�L�F�V��������

�5�H�V�X�O�W�V���D�Q�G���'�L�V�F�X�V�V�L�R�Q��
�%�L�P�H�W�D�O�O�L�F�� ���5�X�3�W���$�&�&���� �H�O�H�F�W�U�R�F�D�W�D�O�\�V�W�V�� �R�X�W�S�H�U�I�R�U�P�H�G�� �W�K�R�V�H�� �E�D�V�H�G�� �R�Q�� �V�L�Q�J�O�H�� �P�H�W�D�O�V��

���5�X���$�&�&�� �D�Q�G�� �3�W���$�&�&������ �)�X�U�W�K�H�U���� �D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�H�� �D�Q�G�� �D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�R�O�� �S�U�R�G�X�F�W�� �V�O�D�W�H�V�� �D�Q�G��
�U�H�D�F�W�L�R�Q���H�I�I�L�F�L�H�Q�F�L�H�V���Z�H�U�H���H�[�S�O�R�U�H�G���D�V���D���I�X�Q�F�W�L�R�Q���R�I���I�H�H�G�V�W�R�F�N���I�X�Q�F�W�L�R�Q�D�O���J�U�R�X�S�V���V�X�F�K���D�V���D�O�N�\�O����
�D�O�O�\�O�����K�\�G�U�R�[�\�O���D�Q�G���P�H�W�K�R�[�\�O�����,�W���Z�D�V���R�E�V�H�U�Y�H�G���W�K�D�W���W�K�H���S�U�H�V�H�Q�F�H���R�I�� �D�O�O�\�O���D�Q�G���P�H�W�K�R�[�\�O���J�U�R�X�S�V��
�G�H�F�U�H�D�V�H�G�� �F�\�F�O�R�D�O�N�D�Q�H�� �\�L�H�O�G�V���� �$�G�G�L�W�L�R�Q�D�O�O�\���� �S�O�D�X�V�L�E�O�H�� �U�H�D�F�W�L�R�Q�� �S�D�W�K�Z�D�\�V�� �Z�H�U�H�� �L�G�H�Q�W�L�I�L�H�G�� �E�\��
�H�[�D�P�L�Q�L�Q�J�� �W�K�H�� �U�H�D�F�W�L�Y�L�W�\�� �R�I�� �V�L�G�H�� �S�U�R�G�X�F�W�V�� �D�Q�G�� �S�U�R�E�D�E�O�H�� �L�Q�W�H�U�P�H�G�L�D�W�H�V���� �,�W�� �Z�D�V�� �V�K�R�Z�Q�� �W�K�D�W��
�K�\�G�U�R�G�H�R�[�\�J�H�Q�D�W�L�R�Q���S�U�H�F�H�G�H�G���D�U�R�P�D�W�L�F���U�L�Q�J���V�D�W�X�U�D�W�L�R�Q���G�X�U�L�Q�J���F�\�F�O�R�D�O�N�D�Q�H���I�R�U�P�D�W�L�R�Q���E�\���(�&�+����
�(�O�H�F�W�U�R�F�D�W�D�O�\�W�L�F�� �F�O�H�D�Y�D�J�H�� �R�I�� �D�� �G�L�D�U�\�O�� �H�W�K�H�U���� �D�� �P�R�G�H�O�� �I�R�U�� �W�K�H�� �����2������ �H�W�K�H�U�� �O�L�Q�N�D�J�H���� �Z�D�V�� �D�O�V�R��
�L�Q�Y�H�V�W�L�J�D�W�H�G�����&�R�P�S�X�W�D�W�L�R�Q�D�O���D�V�V�H�V�V�P�H�Q�W���R�I���E�L�Q�G�L�Q�J���H�Q�H�U�J�L�H�V���V�X�J�J�H�V�W���D���S�U�H�I�H�U�H�Q�F�H���I�R�U���5�X���D�Q�G���W�K�H��
�V�W�H�S���I�D�F�H�W���R�I���3�W�����7�K�L�V���L�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���L�P�S�U�R�Y�H�G���S�H�U�I�R�U�P�D�Q�F�H���R�I���W�K�H���E�L�P�H�W�D�O�O�L�F���H�O�H�F�W�U�R�F�D�W�D�O�\�V�W�V����
�)�X�U�W�K�H�U���� �W�K�H�� �P�H�F�K�D�Q�L�V�P�V�� �E�\�� �Z�K�L�F�K�� �W�K�H�V�H�� �U�H�D�F�W�L�R�Q�V�� �S�U�R�F�H�H�G�� �Z�H�U�H�� �F�R�Q�I�L�U�P�H�G�� �Y�L�D�� �T�X�D�Q�W�X�P��
�F�K�H�P�L�F�D�O�� �F�R�P�S�X�W�D�W�L�R�Q�V�� �R�Q�� �V�L�Q�J�O�H�� �I�D�F�H�W�V�� �R�I�� �3�W�� �D�Q�G�� �5�X���� �2�Y�H�U�D�O�O�� �W�K�H�� �(�&�+�� �D�S�S�U�R�D�F�K�� �S�U�R�G�X�F�H�G��
�P�R�G�H�U�D�W�H���\�L�H�O�G�V���R�I���D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�H�V���D�O�R�Q�J���Z�L�W�K���V�L�J�Q�L�I�L�F�D�Q�W���D�P�R�X�Q�W�V���R�I���D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�R�O�V����

��
��
��

�6�L�J�Q�L�I�L�F�D�Q�F�H��
�7�K�L�V�� �Z�R�U�N�� �R�I�I�H�U�V�� �P�H�F�K�D�Q�L�V�W�L�F�� �L�Q�V�L�J�K�W�V�� �D�Q�G�� �J�X�L�G�D�Q�F�H�� �I�R�U�� �U�H�D�F�W�L�R�Q�� �G�H�V�L�J�Q�� �R�I�� �D�� �³�J�U�H�H�Q�´��

�H�O�H�F�W�U�R�F�D�W�D�O�\�W�L�F���S�D�W�K���W�R���D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�H�����D�Q�G���D�O�N�\�O�F�\�F�O�R�K�H�[�D�Q�R�O�����I�X�H�O�V���I�U�R�P���E�L�R�P�D�V�V������
��



New BioBased surfactants from food production sidestreams  

Alice di Matteo1, Nicoletta Ravasio1, Valeria Pappalardo1, Federica 
Zaccheria1*, Shaun Leivers2, John-Erik Haugen2, Giuseppe Cappelletti3, 
Giovanna Speranza3  

1 �± CNR SCITEC �³Giulio Natta�  ́sede Golgi, via C. Golgi 19, 20133 Milano, Italy 
2 �± Nofima, �Ös, Norway 
3- Dept. of Chemistry, Università di Milano, via C. Golgi 19, 20133 Milano, Italy 
* corresponding federica.zaccheria@scitec.cnr.it 

Introduction  
The surfactant market if facing a sharp sustainability challenge as over 90% of these 

chemicals today originate from either petrochemical feedstock or oleochemical ones obtained 
from palm plantation. Here we present results obtained in the synthesis and characterization of 
100% biobased surfactants obtained through esterification of sidestreams of the cereal industry, 
such as glucose, with fatty acids discarded from the meat industry.  The reaction is carried out 
in two steps, formation of a glicoside and esterification of this one in the presence of a 
sulphonic resin. Reproducible mixture of polyesters are obtained, showing very interesting 
chemical physical properties.  

Materials and Methods 
Glucose was transformed into butyl-glucose by reaction with n-butanol in the presence 

of Amberlyst 15. Butyl glucose and palmitic acid (ratio 1:1) were added into a one-neck flask 
and melted inside a rotary evaporator at 105 °C. After full melting, an acidic cation exchange 
resin (30% w/w of butyl glucose) was added as the catalyst and the reaction proceeded under 
vacuum for 96h. The crude was then diluted in n-Hexane and filtrated to remove the solid 
resin. The mixture was washed with NaOH 0.05 M, centrifuged, and the collected organic 
phase was concentrated under reduced pressure.  

Results and Discussion 
The significant difference in polarity of the reactants, namely fatty acids and sugars, 

make the direct esterification of glucose very difficult in the absence of a solvent. This 
prompted us to adopt a two step process. In the first one we increased the lipophilicity of the 
sugar through �)�L�V�F�K�H�U�¶�V���J�O�\�F�R�V�L�G�D�W�L�R�Q��[1] a reaction that is already used for the preparation of 
poly-alkyl glucosides, with a short-chain alcohol, namely n-BuOH. The resulting product was 
later esterified in a reaction with palmitic acid. Both steps were carried out in the presence of 
an acidic heterogeneous catalyst.   

 

 
 

The first step was carried out in the presence of Amberlyst 15 and molecular sieves 
according to a procedure already reported by some of us [2]. Several sulfonic resins were used 
in the second step and Lewatit at 105°C was found to give the highest yield.   
NMR and LC-MS analyses revealed that the products are mixtures of esters with different 
grades of substitution, the majority being the di- and tri- esters.  

The surface-active properties of these products were then tested. Firstly, the interfacial 
tension reduction activity was investigated through Du Nouy ring method. The sample was 
dissolved in sunflower oil and the interfacial tension (IFT) values at the interface with mQ 
water were recorded. This analysis revealed how the poly-esterified mixture of butyl glucoside 
turned out to be more effective than the monoester already reported [2], reducing the interfacial 
tensio�Q���I�U�R�P���W�K�H���L�Q�L�W�L�D�O���Y�D�O�X�H���R�I���������P�1���P���W�R�����������P�1���P�����D�W���D���S�U�R�G�X�F�W�¶�V���F�R�Q�F�H�Q�W�U�D�W�L�R�Q���R�I�����������J���O����
corresponding to the critical micelle concentration. 

 

 
Figure 1. Decreasing of interfacial tension with increasing concentration of Bu-glicoside 
polyester 2 in a sunflower oil/water emulsion   

Significance 
All major players in the surfactant industry are trying to reduce the carbon footprint of 

their products by limit ing the amount of fossil carbon in there and relying on drop-in solutions 
such as ethylene oxide from bioethanol. This work provides a green protocol for the synthesis 
of new 100% biobased surfactants. They can be produced from sidestreams of the agri-food 
chain, thus complying also with circular economy rule. Moreover, these polyesters show 
interesting properties suggesting their use in several fields of application.  
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