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Electrocatalytic urea synthesis from carbon dioxide reduction reaction (CO:2RR) and
nitric oxide reduction reaction (NORR): A theoretical study
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!Department of Chemistry and Center of Excellence for Innovation in Chemistry, Ubon Ratchathani University,
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Urea (CO(NH_>).) is a vital nitrogen fertilizer, but its current industrial production, relies on the
energy-intensive Bosch-Meiser process under harsh conditions, this necessitates developing a
sustainable alternative. Electrocatalytic urea synthesis, using the co-reduction of pollutant
gases like CO. and NO with renewable electricity under mild conditions, offers a promising
solution. In this theoretical study, density functional theory (DFT) is employed to design and
investigate Ni2Zn triatomic catalysts (TACs) supported on CoN and GDY substrates. The goal
of this study is to create an ideal active site for co-adsorbing CO2 and NO and facilitating the
critical C-N bond formation step for sustainable urea synthesis. Based on the calculated binding
energies (Ep), which are -10.42 and -9.88 eV on the C>N and GDY surfaces, respectively, it is
revealed that the Ni.Zn (TACSs) is more strongly bound to the C>N surface, indicating higher
stability compared to the GDY surface. Additionally, further analysis of electronic properties,
including charge density difference (CDD) and Bader charge analysis, was conducted to
confirm the binding energy results. These analyses revealed that Ni>Zn exhibits more effective
electron transfer to the CoN surface compared to GDY. This enhanced electron transfer
contributes to stronger and more stable adsorption on the C2N surface. Our results reveal that
the Ni2Zn catalyst on the C2N surface greatly enhances gas adsorption and C-N bond formation,
demonstrating its high efficiency and selectivity on both C:N and GDY supports. These
insights can guide the design of future energy-efficient and eco-friendly catalysts for urea
synthesis.

Keywords: Electrocatalysis, Urea Synthesis, Ni2Zn Catalyst, CO2/NO Co-reduction, Density
Functional Theory (DFT)
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Fig.1 Model of Ni>Zn triatomic catalysts supported on C2N and GDY substrates.
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Theoretical study of pt-cluster-doped poly(carbazole-sulfone-TEG) for plastic-waste
electroreforming into hydrogen and value-added products
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The electroreforming of ethylene glycol (EG) into formate and methanol provides a sustainable
pathway for hydrogen production and the synthesis of value-added chemicals. In this study,
density functional theory (DFT) calculations are employed to investigate the ethylene glycol
oxidation reaction (EGOR) over TEG- and Oct-based conjugated polymers decorated with Pta
clusters (Pt#/TEG and Pts/Oct). The key structural difference between the two polymer surfaces
lies in the presence of oxygen atoms along the TEG polymer chain, whereas the Oct polymer
chain contains free oxygen atoms. The effects of metal-polymer interactions and Pt doping
sites on electrocatalytic performance are systematically examined. The Pt cluster is found to
be strongly stabilized on both Pts/TEG and Pts/Oct, with binding energies (Ep) of -2.36 and
-2.06 eV, respectively, indicating robust anchoring. The initial adsorption energies of EG on
Pt#/TEG and Pts/Oct are -3.28 and -3.01 eV, respectively. The proposed EGOR mechanism
begins with EG (CH-OH-CH:0OH) adsorption, followed by two sequential dehydrogenation
steps forming glycolaldehyde (CH.OH-CHO) and subsequently glycolate (CH.OH-COOH).
This is followed by C—C bond cleavage, yielding formate and methanol. Additionally, the rate-
determining steps (AGRPS) and free-energy changes of key intermediates are analyzed to clarify
how electronic coupling at the Pt-polymer interface governs electrocatalytic activity. Overall,
this work provides fundamental insight into the mechanism of EG-to-formate conversion and
offers guidance for the rational design of efficient polymer-metal hybrid electrocatalysts for
clean energy applications.

Keywords: DFT, EG oxidation, Formate, Methanol, TEG Polymer, Platinum doping
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A DFT study of hydrogen evolution reaction on B- and BO-doped graphene catalysts

Chonthicha Phimthong, Athis Watwiangkham, Monrudee Meerawan, and Siriporn Jungsuttiwong*
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This study focuses on producing green hydrogen by improving the efficiency of the hydrogen
evolution reaction (HER). Boron (B) and Boron-Oxygen (BO) doped graphene catalysts have
been demonstrated as promising materials for enhancing HER activity. The effects of B/BO-
doping on HER of graphene catalysts were investigated using density functional theory
(DFT) calculations. Various configurations were optimized for B and BO doping on the
Cs4His graphene model. Doping with B enhances HER by lowering energy requirements,
with the most favorable sites being adjacent carbon atoms. Adding oxygen (BO doping)
stabilizes the adsorbed hydrogen, leading to an increase in the energy required for HER.
Among various doping levels, the optimal HER performance was achieved at specific
configurations of both B and BO doping. Cs3His-Bi, Cs1His-B3, and C49Hs-Bs exhibit low
limiting potentials for HER of -0.03 V, -0.02 V, and -0.01 V, respectively. In conclusion, B
doping without O improves HER performance on graphene materials. The appropriate doping
level is crucial for optimizing hydrogen production efficiency.

Keywords: boron-doped graphene; density functional theory; hydrogen evolution reaction
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Glucose Isomerization to Fructose over Isolated Zn and Cu Sites on Dealuminated BEA
Zeolite
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The isomerization of glucose to fructose over isolated metal sites on dealuminated BEA zeolite
(M-DeAIBEA; M = Cu and Zn) is investigated using density functional theory (DFT)
calculations in combination with experimental studies. The MO06-L density functional is
initially employed to examine the structures of adsorption complexes, transition states, and
products, as well as the reaction mechanisms, energy profiles, and activation barriers. A seven-
step mechanism is proposed for the glucose isomerization reaction, involving (1) deprotonation
of the glucose hydroxyl group, (2) ring opening via protonation of the oxygen atom in the six-
membered ring, (3) deprotonation of the hydroxyl group in the ring-opening adduct, (4) aldose—
ketose isomerization via a hydride shift, (5) deprotonation of the ketose hydroxyl group, (6)
ring closure to yield anionic fructofuranose, and (7) protonation of the terminal oxygen anion
to form cyclic fructose. The aldose—ketose isomerization step is identified as the rate-limiting
step of the reaction. The overall activation barriers are 16.0 and 19.2 kcal/mol for Zn-DeAIBEA
and Cu-DeAIBEA, respectively. These results agree well with experimental product yields
obtained in batch reactor studies conducted at 140 °C for 24 h using 10 mg of catalyst and an
ethanol-water (3:1) solvent mixture, which gives fructose yields of 27.7% and 17.9% for Zn-
DeAIBEA and Cu-DeAIBEA, respectively. Therefore, Zn-DeAIBEA exhibits higher catalytic
activity than Cu-DeAIBEA.

Keywords: glucose isomerization; dealuminated BEA zeolite; DFT; experimental study
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DFT Mechanistic Study of Poly(ethylene terephthalate) Glycolysis Catalyzed by
Tertiary Amines
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Poly(ethylene terephthalate) (PET), one of the most widely used plastics, often ends up in
landfills or the environment, contaminating soil and water and posing ecological and health
risks. Developing efficient PET recycling methods is therefore crucial to minimize waste and
mitigate its environmental impact. Here, we explore the use of tertiary amines as catalysts for
PET glycolysis through density functional theory (DFT) calculations with M06-L method. We
use a PET dimer containing C—O linkages as a model of a representative active region. The
possible mechanisms of glycolysis, namely concerted and stepwise are first examined by using
trimethylamine as the catalysts. In the concerted mechanism, the glycolysis of PET to bis(2-
hydroxyethyl) terephthalate (BHET) monomers occurs in a single step. It required a high
activation energy of 49.4 kcal/mol. For the stepwise mechanism, the reaction proceeds through
two steps. First, a proton is transferred from ethylene glycol to the tertiary amine, followed by
nucleophilic attack of the hydroxyl oxygen on the PET dimer’s carbonyl carbon. In the second
step, the C—O bond of the dimer is cleaved to form BHET monomers. The activation energies
are calculated to be 18.9 and 1.6 kcal/mol for the first and second step, respectively. As a result,
the stepwise pathway appears more favorable than the concerted mechanism.

Keywords: PET; glycolysis; tertiary amine; DFT; M06-L
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Mechanistic Insights into the Photodecarbonylation of n-Extended Flavonol for PDT
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Photodynamic therapy (PDT) is an emerging strategy for cancer treatment whose efficacy
depends critically on both the photophysical characteristics and cellular delivery of the
photosensitizer. Photoactivatable carbon monoxide-releasing molecules (photoCORMs)
constitute a new class of therapeutic agents capable of controlled CO liberation, combining
cytotoxic and regulatory effects in tumor cells. This study employs complementary theoretical
approaches to elucidate the photodecarbonylation mechanism of Flavonol-1 (3-hydroxy-2-
phenyl-4H-benzo[g]chromen-4-one), an organic photoCORM with potential dual
photosensitizing functions. DFT and TD-DFT/B3LYP/def2-TZVP calculations were used to
model reactions in environments of varying dielectric constants. For the first time, sequential
double excited-state intramolecular proton transfers (ESIPTs, Figure 1) in the S: state were
identified as key drivers of acid—base reactivity, with solvent polarity strongly modulating the
competition between fluorescence decay and intersystem crossing (ISC). Kinetic and
thermodynamic analyses demonstrate that aerobic reaction channels producing salicylic acid
ester and CO are barrierless and thermodynamically favored, explaining their higher
experimental yields relative to the anaerobic pathway generating lactone and CO. Importantly,
intersection geometries at Si/Ti, Si/So, and Ti/So crossings were characterized as reactive
intermediates enabling 'O. sensitization and CO evolution through rapid ISC. NVE-MDSH
simulations further predict that irradiation of Flavonol-1 in an MCF-7 cell model can raise
cytosolic temperature to the threshold for thermal necrosis. These results establish Flavonol-1
as a promising dual-mode PDT/PTT photosensitizer with tunable photochemical and
photothermal responses.

Keywords: Flavonol; photodynamic therapy; photoluminescence; photosensitizing
mechanism; TD-DFT.
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Computational Exploration of Modified Crown Ethers for Lithium Extraction
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Lithium-ion batteries (LIBs) are widely used in devices such as electric vehicles and
smartphones, leading to a consistently increasing global demand. The resulting disposal of
spent LIBs poses a significant environmental pollution risk. Therefore, recovering lithium from
these batteries is a crucial sustainability goal and a challenging area of research. This study
focuses on using modified crown ethers as extractants for lithium recovery from solution. We
modified 12-crown-4 and 14-crown-4 by replacing an oxygen (O) atom with a nitrogen (N)
atom and incorporating a benzene ring. We used Molecular Dynamics (MD) simulations to
explore the behavior of these modified crown ethers with the lithium ion (Li") in an aqueous
solution and calculated their binding affinity using Free Energy Perturbation (FEP). The results
demonstrate that the nitrogen (N) atom influences the retention of the Li" ion at the center of
the ring. When the hydrogen (H) atom of the nitrogen (N) is pointed towards the ring center,
the lone pairs of the N atom will point away from the ion, leading to the dissociation of the Li"
ion from the crown ether. Furthermore, we observed that the Li" ion remains bound to the
modified 14-crown-4 more effectively than to the 12-crown-4, which is consistent with the
intense peak observed in the Radial Distribution Function (RDF) and a less positive binding
free energy. However, competition from water molecules to solvate the Li" ion leads to positive
binding free energy values for both molecules, indicating weak binding, a trend which is
consistent with those reported in the literatures.

Keywords: Lithium-ion battery (LIBs), Crown ether, Aqueous solution, Molecular dynamic
(MD) simulation
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A Near-Infrared Fluorescent Coumarin-BODIPY: Synthesis, Photophysical Properties,
and Detection of Amyloid-Beta Aggregates
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Early diagnosis of Alzheimer's disease is essential to slow disease progression and improve
patient quality of life. One of the promising strategies for achieving early diagnosis is the use
of fluorescent probes due to their high sensitivity, rapid measurement, and low cost. Here, we
developed a near-infrared (NIR) fluorescent probe with high sensitivity for amyloid-beta (AP)
aggregate detection, which is crucial for improving diagnosis. A coumarin-BODIPY derivative
(CB-2) was synthesized from a BODIPY derivative and chromen-3-carbaldehyde in toluene,
giving an isolated yield of 20%. CB-2 shows strong absorption at 610—-638 nm and emission at
658—713 nm in the solvents tested. CB-2 exhibited a high photoluminescence quantum yield
of 30%. It demonstrated an excellent linear fluorescence response to increasing A} aggregate
concentrations in DMSO/PBS, indicating strong sensitivity. The calculated LOD and LOQ
were 0.0590 uM and 0.1967 uM, respectively. The probe maintained fluorescence and
exhibited effective quenching in human serum, suggesting suitability under physiological
conditions. Molecular docking experiments revealed that CB-2 interacts efficiently with AP
aggregates, with a binding energy of —7.6 kcal/mol, and that CB-2 fits into the active site and
forms van der Waals, halogen, and n—r interactions with important amino acids, emphasizing
the probe's ability to bind specifically to amyloid targets. Together, these results demonstrate
that CB-2 is a highly promising NIR fluorescent probe for rapid, sensitive, and specific
detection of AP aggregates and could serve as an invaluable tool for early Alzheimer's disease
diagnosis and biomedical applications in real samples.

Keywords: Amyloid-beta aggregates; NIR fluorescent probe; Coumarin-BODIPY
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