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INTRODUCTION

The field of polymer science emerged to develop new materials for growing civil and military
needs. It tends to be more interdisciplinary than most sciences, combining chemistry, chemical
engineering, and other fields as well[1,2]. In 1937 one of the most special polymer types with
versatile properties was discovered[3] (Figure 1). This special type of polymer is polyurethane
(PU), which was developed by Otto Bayer to compete with nylon[4,5]. Bayer’s invention ranks

among the most important breakthroughs in polymer science.
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Figure 1. Timeline of major developments in the history of polyurethane.

Polyurethane is used in a large array of industries as flexible, and rigid foams, elastomers, and
thermoplastic materials[6]. Most of the PU types are designed to make life more comfortable and
products more durable[7,8]. Polyurethanes (PU) are a special group of heterochain polymers,
formed by the reaction of isocyanate (NCO) and hydroxyl (OH) groups[9,10]. Isocyanate is a
chemical that contains at least one isocyanate group (-N=C=0) in its structure. In PU synthesis two
types of isocyanates, aromatic and aliphatic ones are used[11]. The other main raw materials in PU
synthesis are polyols containing two or more hydroxyl groups[12]. Beside the effect of the
chemical structure and the functionality of isocyanates and polyols on urethane formation[13],
polyurethane synthesis can be finetuned by applying various additional compounds such as
catalysts, chain extenders, crosslinkers, surfactants, and blowing agents[14]. In relation to PU
synthesis, catalysts are often used to accelerate the reaction rate of polynucleophiles with
isocyanate groups or to promote the trimerization of the isocyanate group to form cross-linked
polymers. In the production of PU, the amount of applied catalysts is small, but their impact is

significant[15]. Catalysts play an important role in the control and balance between the gelling and



blowing reactions. They help to accurately control the relative reaction rates of the isocyanate with
both alcohol and water. The imbalance between these is one of the reason for the foam to collapse
or the formation of inappropriate cells that can be closed or opened prematurely[16,17].
Polyurethane catalysts mainly include organic acids, organic bases (amine catalysts), and organo-
tin (organometallic) compounds[18—21]. Organic acids are able to promote urethane formation
under mild polymerization conditions and low catalyst loadings[22]. Amine catalysts applied in

PU synthesis can be divided into aliphatic, cyclic, aromatic, alcohol, and ether amines[20],[23].

MOTIVATION OF THE DISSERTATION

The motivation of my work was to better understand urethane formation processes both
with and without the presence of different organocatalysts by using computational chemistry

tools.

METHODS

Different density functional methods were tested such as B3LYP[24], BHandHLYP[25],
and wB97X-D[26], in combination with the 6-31G(d)[27-29] basis set. However, only the
BHandHLYP method was suitable to locate all the critical points on the potential energy
surfaces (PES) of the studied catalytic processes. The effect of solvent (e.g. acetonitrile, MeCN,
& = 35.688) has also been considered by employing the SMD polarizable continuum model.

To further improve the accuracy of the results, the G3MP2BHandHLYP composite
method[30-32] was applied and used in the discussion of the results. The G3MP2BHandHLYP
composite method was not applicable in case of larger species (e.g., 2,2-
dimorpholinodiethylether (DMDEE)), because the computational cost of the calculations
exceeded the available limit. Therefore, a quasi-G3MP2BHandHLYP (qG3MP2BHandHLYP)
protocol was employed as it was described before[33].

Furthermore, to handle the thermodynamic properties of zwitterionic structures within the
proposed mechanisms a correction which was previously successfully used in the literature to

handle a similar system was employed[34].



NEW SCIENTIFIC RESULTS - THESIS

During my Ph.D. I studied the effect of organocatalysts on urethane formation using

computational tools, and the following main conclusions are drawn as new scientific results:
1%t Thesis

Method test has been carried out and a computational protocol applicable to the study of
catalytic and catalyst-free urethane formation reactions has been selected. The protocol includes
the G3MP2BHandHLYP composite method in combination with the SMD implicit solvation
model. To keep the computational protocol as simple as possible, but finetune the energy of

zwitterionic species, a correction has also been introduced and applied (Figure 1T).
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Figure 1T Relative enthalpy (A:H) profile of the phenyl isocyanate (PhNCO) and butan-1-ol
(BuOH) reaction in the preseance of 4-methylmorpholine (catalyst) before (black line) and
after the correction (blue line).



2" Thesis

The catalyst-free reaction mechanism of phenyl isocyanate and alcohol (methanol (MeOH),
and butan-1-ol (BuOH)) has been described by applying density functional theory and
composite methods. It was found that the relative enthalpy difference in the barrier heights
(A:H[TsBuon-TsMeoH]) When MeOH or BuOH are involved in the reaction with phenyl isocyanate
is just 0.3 kJ/mol, which indicates that increasing the length of the aliphatic chain of the alcohol

did not have a significant effect on urethane bond formation (Figure 2T).
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Figure 2T Relative enthalpy (A:H) profile of phenyl isocyanate (PhNCO) - methanol (MeOH)
and PhNCO - butan-1-ol (BuOH) reactions, indicated with black and red lines, respectively.
Calculated at the G3PMP2BHandHLYP theory level (298.15 K and 1 atm) in acetonitrile using

the SMD implicit solvent model.



3rd Thesis

A general mechanism for catalytic urethane formation in the presence of amine catalysts

has been proposed and verified by using theoretical methods and literature data (Figure 3T).

The mechanism was tested in the cases of 18 catalysts. The proposed reaction mechanism of

amine catalysed urethane formation contains seven steps. It starts with the formation of an

alcohol-catalyst complex (RC1), which is followed by the formation of an alcohol-catalyst-

isocyanate trimolecular complex (RC2). After these steps, a proton transfer occurs between the

alcohol and the amine group of the catalyst (TS1). This leads to the next step where the

intermediate (IM) will be formed. Thereafter, the catalyst will return the proton through a

transition state (TS2), and thus, a product complex is formed (PC). In the final step, the catalysts

and the product will be separated (P).
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Figure 3T Schematic representation of the general amine -catalized urethane formation
mechanism, where RC—reactant complex, TS—transition state, and PC—product complex.



4t Thesis

A general mechanism for catalytic urethane formation in the presence of acid catalysts has
been proposed and studied using theoretical methods (Figure 4T). The proposed reaction
mechanism of acid catalysed urethane formation contains five steps. First, a complex (RC1)
between the alcohol and the catalyst is formed. Then, in the next step the isocyanate is added
to the system, and RC2, a trimolecular complex is formed. After the complex formation,
transition state (TS) develops and where a proton transfer between the alcohol and the catalyst,
also between the N=C=0 and catalyst occurs. Before the reaction completes, a product complex
(PC) is forming, where the urethane bond is complete. In the final step, the catalysts and the
product will be separated (P). The mechanism was tested in case of three different acid

catalysts.
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Figure 4T Schematic representation of the general organic acid-catalyzed urethane formation,
where RC—reactant complex, TS—transition state, and PC—product complex.



5th Thesis

A new reaction mechanism was proposed for the stoichiometric reaction between 2-
dimethylaminoethanol (DMEA) and phenyl isocyanate (Figure 5T). By comparing the catalytic
and stoichiometric processes, it was found that the catalytic process is more effective for
urethane formation even if the difference in energy is not so high. Thus, DMEA can act as an
effective catalyst and after some time, it can also react with free isocyanates and be built into

the polymer chain which will reduce the volatile organic compound (VOC) content in the final

product.
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Figure 5T Schematic representation of the reaction mechanism of 2-dimethylaminoethanol
(DMEA) - isocyanate stoichiometric reaction, where R—reactant, RC—reactant complex,
TS—transition state, IM—intermediate, and PC—product complex.



SUMMARY

Polyurethanes are some of the most versatile and unique polymers used in the industry for
manufacturing a wide variety of products. The synthesis of polyurethanes from diisocyanates
and polyols under industrial conditions requires a catalyst or often a combination of catalysts,
which can be regarded as the most important component of the reaction system besides the
starting materials. Therefore, one of the main development trends in PU synthesis is finding
improved catalysts. In this doctoral dissertation, urethane formation in catalyst-free and
catalytic processes was studied using computational chemical tools, and the general formation
mechanisms are proposed in the presence of amine and acid catalysts. The catalyst-free reaction
mechanism of phenyl isocyanate and alcohol (methanol (MeOH), and butan-1-ol (BuOH)) has
also been described. It was found that the relative enthalpy difference in the barrier heights
(AcH[TsBuoH-TsMeoH]) When MeOH or BuOH are involved in the reaction with phenyl isocyanate
is just 0.3 kJ/mol, which indicates that increasing the length of the aliphatic chain of the alcohol
did not have a significant effect on urethane bond formation.

Furthermore, the applicability of the proposed general amine catalysed urethane formation
mechanism was tested and verified in the case of 18 catalyst. Additionally, the general
mechanism for urethane formation in the presence of acid catalysts has also been tested and
studied for three systems.

Some of the studied amine catalysts contain reactive functional groups (e.g. OH) and thus,
these species can act as stoichiometric reactants with isocyanates which will lead to the
formation of urethane bonds. Therefore, a stoichiometric reaction was proposed when 2-
dimethylaminoethanol (DMEA) reacts with phenyl isocyanate. It was found that DMEA can
act as an effective catalyst and after some time, it can also react with free isocyanates and be
built into the polymer chain which will reduce the volatile organic compound (VOC) content
in the final product. Taking into account the environmental impact of VOC reduction, these
results can be employed in the design of more effective and safer catalysts for polyurethane
synthesis.

It can be stated, that through this doctoral dissertation, a deeper understanding of the effect
of catalysts on urethane formation is achieved. Meanwhile, the computed and measured
thermodynamic properties were in good agreement with each other, which proves the validity

of the proposed mechanisms and verifies the method selection as well.



REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kanamori, T.; Sakai, K. Introduction to Polymer Science Involved in Membrane
Preparation Technology. Nippon rinsho. Japanese J. Clin. Med. 1991, 49 Suppl, 44-52,
PMID: 1808297.

Saldivar-Guerra, E.; Vivaldo-Lima, E. Handbook of Polymer Synthesis,
Characterization, and Processing; 2013, 1-622, doi:10.1002/9781118480793.

Szycher, M. Structure—property relations in polyurethanes. Szycher’s Handbook of
Polyurethanes, 2nd ed.; CRC Press: Boca Raton, FL, USA; 2012, 37-86, ISBN
9781439863138.

Yanping, Y. The Development of Polyurethane. Mater. Sci. Mater. Rev 2018, 1, 1-8,
doi:10.18063/msmr.v1i1.507.

Bayer, O. Das Di-Lsocganat-Poluadditionsverfahren (Polyurethane). Angew. Chemie
1947, 59, 257-288, doi:org/10.1002/ange.19470590901.

Sabrina, S.S.A.;Denilson, A.S.; Danielle, M.A. Physico-Chemical Analysis of Flexible
Polyurethane Foams Containing Commercial Calcium Carbonate. Mater. Res. 2008, 11,
433-438, doi:10.1590/s1516-14392008000400009.

Sonnenschein, M.F. Polyurethanes Science, Technology, Markets, and Trends; First
Edit.; John Wiley & Sons, Inc., 2015; ISBN 9789896540821.

Shoaib, S.; Shahzad, M. K.; Nafisa, G.; Waqas, A.; Muhammad, S.; Jamil, T. A
Comprehensive Short Review on Polyurethane Foam. Int. J. Innov. Appl. Stud 2014, 12,
165-169.

Ionescu, M. Chemistry and Technology of Polyols for Polyurethanes , 2nd Edition; A
Smithers Group Company Shawbury, 2016; Vol. 1; ISBN 9781910242988.

Zhang , X. D., Neff, R. A., Macosko C.W. Foam Stability in Flexible Polyurethane Foam
Systems. In Polymeric Foams: Mechanisms and Materials; 2004; pp. 139-172 ISBN
9780203506141.

Agqilahhamuzan, H.; Badri, K.H. The Role of Isocyanates in Determining the
Viscoelastic  Properties of Polyurethane. AIP Conf. Proc. 2016, 1784,
doi:10.1063/1.4966757.

Radeloff, M.A.; Beck, R.H.F. Polyols — More than Sweeteners. Sugar Ind. 2013, 226—
234, d0i:10.36961/s114095.

Echeverria-Altuna, O.; Ollo, O.; Calvo-Correas, T.; Harismendy, 1. Effect of the
Catalyst System on the Reactivity of a Polyurethane Resin System for RTM
Manufacturing of Structural Composites. Express Polym. Lett. 2022, 16, 234-247,
doi:10.3144/expresspolymlett.2022.19.

Touchet, T.J.; Cosgriff-Hernandez, E.M. Hierarchal Structure-Property Relationships of
Segmented Polyurethanes; Elsevier Ltd, 2016; ISBN 9780081006221.

Liu, L.; Dong, H.; Yu, Y.; Tang, Z.; Bai, C.; Feng, Y.; Chen, H.; Schmidt, T.
Polyurethane Latent Catalysts Obtained by Emulsion Solvent Evaporation. Polym. Bull.
2022, 1-17, doi:10.1007/s00289-022-04225-y.

De Souza, F. M.; Kahol, P. K.; Gupta, R.K. Introduction to Polyurethane Chemistry.
ACS Symp. Ser. 2021, 1380, 1-24, doi:10.1021/bk-2021-1380.ch001.

Rao,R.; Mondy, L.; Long, K.; Celina, M.; Roberts, C.; Soehnel, M.; Wyatt, N.; Brunini,
V.E. The Kinetics of Polyurethane Structural Foam Formation: Foaming and
Polymerization. AIChE J. 2012, 59, 215-228, doi.org/10.1002/aic.15680.

Ruiduan,L.; Ling, L.; Yanjie, L.; Ben, W.; Jia Jun, Y.; Jibo, Z.Research Progress of
Amine Catalysts for Polyurethane. 2018, 1, 54—57, d0i:10.26480/icnmim.01.2018.54.57.
Sardon, H.; Chan, J. M. W.; Ono, R. J..; Mecerreyes, D.; Hedrick, J.L. Highly Tunable
Polyurethanes: Organocatalyzed Polyaddition and Subsequent Post-Polymerization

10



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Modification of Pentafluorophenyl Ester Sidechains. Polym. Chem. 2014, 5, 3547,
doi:10.1039/c4py00262h.

Malwitz, N.; Wong, S. W.; Frisch, K. C.; and Manis P.A. Amine Catalysis of
Polyurethane Foams. J. Cell. Plast. 1987, 23, 461-502,
doi:10.1177/0021955X8702300505.

Shokuhi, A.R.; Ardjmand M. Studying on the Mechanism and Raw Materials Used to
Manufacturing Polyurethane. Chem. Technol. an indian J. 2008, 3, 60—71.

Chen, Z.J.; Zhong, W.Q.; Tang, D.L.; Zhang, G.Z. Preparation of Organic Nanoacid
Catalyst for Urethane Formation. Chinese J. Chem. Phys. 2017, 30, 339-342,
doi:10.1063/1674-0068/30/cjcp1703060.

Delebecq, E.; Jean-Pierre, P.; Boutevin, B.; Ganachaud, F. On the Versatility of
Urethane/Urea Bonds: Reversibility, Blocked Isocyanate, and Non-Isocyanate
Polyurethane Etienne. Am. Chem. Soc. 2013, 1-39, doi.org/10.1021/cr300195n.
Becke, A.D. Density-Functional Thermochemistry. III. The Role of Exact Exchange. J.
Chem. Phys. 1993, 98, 5648-5652, doi:10.1063/1.464913.

Becke, A.D. A New Mixing of Hartree-Fock and Local Density-Functional Theories. J.
Chem. Phys. 1993, 98, 13721377, doi:10.1063/1.464304.

Chai, J. Da; Head-Gordon, M. Long-Range Corrected Hybrid Density Functionals with
Damped Atom-Atom Dispersion Corrections. Phys. Chem. Chem. Phys. 2008, 10, 6615—
6620, doi:10.1039/b810189b.

Ditchfield, R.; Hehre, W.J.; Pople, J.A. Self-Consistent Molecular-Orbital Methods. IX.
An Extended Gaussian-Type Basis for Molecular-Orbital Studies of Organic Molecules.
J. Chem. Phys. 1971, 54, 720-723, doi:10.1063/1.1674902.

Rassolov, V.A.; Pople, J.A.; Ratner, M.A.; Windus, T.L. 6-31G* Basis Set for Atoms K
through Zn. J. Chem. Phys. 1998, 109, 1223-1229, doi:10.1063/1.476673.

Petersson, G.A.; Bennett, A.; Tensfeldt, T.G.; Al-Laham, M.A.; Shirley, W.A.;
Mantzaris, J. A Complete Basis Set Model Chemistry. 1. The Total Energies of Closed-
Shell Atoms and Hydrides of the First-Row Elements. J. Chem. Phys. 1988, 89, 2193—
2218, doi:10.1063/1.455064.

Szori, M.; Abou-Abdo, T.; Fittschen, C.; Csizmadia, I.G.; Viskolcz, B. Allylic Hydrogen
Abstraction II. H-Abstraction from 1,4 Type Polyalkenes as a Model for Free Radical
Trapping by Polyunsaturated Fatty Acids (PUFAs). Phys. Chem. Chem. Phys. 2007, 9,
1931-1940, doi:10.1039/b613048h.

Szori, M.; Fittschen, C.; Csizmadia, 1.G.; Viskolcz, B. Allylic H-Abstraction
Mechanism: The Potential Energy Surface of the Reaction of Propene with OH Radical.
J. Chem. Theory Comput. 2006, 2, 1575-1586, doi:10.1021/ct600140b.

Izsék, R.; Szori, M.; Knowles, P.J.; Viskolcz, B. High Accuracy Ab Initio Calculations
on Reactions of OH with 1-Alkenes. The Case of Propene. J. Chem. Theory Comput.
2009, 5, 2313-2321, do0i:10.1021/ct900133v.

Thangaraj, R.; Fiser, B.; Qiu, X.; Li, C.; Viskolcz, B.; Széri, M. An Ab Initio
Investigation on Relevant Oligomerization Reactions of Toluene Diisocyanate (TDI).
Polymers. 2022, 14, 1-13, doi:10.3390/polym14194183.

G.Wada.; E.Tamura.; M. Okina.; Nakamura, N. On the Ratio of Zwitterion Form to
Uncharged Form of Glycine at Equilibrium in Various Aqueous Media. Bull. Chem. Soc.
Jpn. 1982, 55, 30643067, doi:org/10.1246/bcsj.55.3064

11



LIST OF PUBLICATIONS

Publications Related to the Subject of the Dissertation

1. Hadeer Q. Waleed, Marcell Csécsi, Rachid Hadjadj, Ravikumar Thangaraj, Déniel
Pecsmény, Michael Owen, Milan Szdéri, Zsolt Fejes, Béla Viskolcz, and Béla Fiser,
"Computational study of catalytic urethane formation,” Polymers, 2022, 14, 8, DOLI:
10.3390/polym14010008. (Q1; IF=5.0)

Number of Independent Citations: 5

2. Hadeer Q. Waleed, Daniel Pecsméany, Marcell Csécsi, Laszlo Farkas, Béla
Viskolcz, Zsolt Fejes, and Béla Fiser, "Experimental and theoretical study of cyclic
amine catalysed urethane formation,” Polymers, 2022, 14, 2859, DOI:
10.3390/polym14142859. (Q1; I[F=5.0)

Number of Independent Citations: 1

3. Hadeer Q. Waleed, Marcell Csécsi, Vivien Konyhds, Zsanett R. Boros, Béla
Viskolcz, Zsolt Fejes, and Béla Fiser, “Aliphatic tertiary amine catalysed urethane
formation — a combined experimental and theoretical study,” Phys. Chem. Chem.
Phys., 2022, 24, 20538, DOI: 10.1039/d2cp00728b. (Q1; [F=3.676)

Number of Independent Citations: 2

4. Hadeer Q. Waleed, Rachid Hadjadj, Béla Viskolcz, and Béla Fiser, "Effect of
morpholine, and 4-methylmorpholine on urethane formation: a computational
study,” Sci Rep., 2023, 13, 17950, DOI: 10.1038/s41598-023-44492-x. (D1; IF=4.6)
Number of Independent Citations: 0

5. Hadeer Q. Waleed, Béla Viskolcz, Zsolt Fejes, and Béla Fiser, "Urethane formation
in the presence of 2,2-dimorpholinodiethylether (DMDEE) and 1,4-
dimethylpiperazine (DMP) — A combined experimental and theoretical study,”
Computational and Theoretical Chemistry, 2023, 1221, 114045, DOI:
10.1016/j.comptc.2023.114045. (Q3; IF=2.8)

Number of Independent Citations: 3

6. Hadeer Q. Waleed, Rachid Hadjadj, Béla Viskolcz, and Bé¢la Fiser, “Stoichiometric
reaction and catalytic effect of 2-dimethylaminoethanol in urethane formation,”
Phys. Chem. Chem. Phys, 2024, 26, 7103-7108, DOI:10.1039/D3CP05800J (Q1; IF=
3.676)
Number of Independent Citations: 0

12



Further Publications

1. Hadeer Q. Waleed, Marcell Csécsi, Rachid Hadjadj, Ravikumar Thangaraj, Michael
Owen, Milan Szdri, Zsolt Fejes, Béla Viskolcz, and Béla Fiser, "The catalytic effect
of DBU on urethane formation — A computational study,” Materials Science and
Engineering, 2021, 46, 70-77, doi:org/10.32974/mse.2021.008.

2. Hadeer Q. Waleed, Fejes Zsolt, Viskolcz Béla, Fiser Béla, "Experimental and
theoretical study of urethane formation in the presence of amine catalyst,” Symposium
on Polyurethane Innovation - SPI 2022, Conference publications, 2022, 203, 28-35.

3. Hadeer Q. Waleed, Béla Fiser, "Polyurethane synthesis and classification - A mini-
review,” Doktorandusz Almanach, 2022, 1, 116-127.

4, Mallouhi Julie, Hadeer Q. Waleed, Szdri-Dorogh4azi Emma, Owen Michael, Fiser
Béla, "Molecular dynamics study of the closed conformations of Candida rugosa
lipase 2 (CRL),” Symposium on Polyurethane Innovation - SPI 2022, Conference
Publications, 2022, 203, 82-90.

5. Hadeer Q. Waleed, B¢la Fiser, "The catalytic effect of 1,4-diazabicyclo[2.2.
2]octane (DABCO) on urethane formation - A computational study,” Doktorandusz
Almanach, 2023, 1, 91-97.

6. Hadeer Q. Waleed, Edina Reizer, Béla Viskolcz, Béla Fiser, “A computational
study of the catalytic effect on urethane formation,” Symposium on Polyurethane
Innovation — SPI 2023 - Conference Publications, 2023, 230, 19-27.

7. Hadeer Q. Waleed, Dalal K. Thbayh, Amal Zarrami, Julie Mallouhi, Pecsmany
Daéniel, Reizer Edina, Rachid Hadjadj, Fiser Béla, "Hogyan tervezhetiink jobb
polimereket szuperszamitogépek segitségével?,” HPC ECHO, Tudomanytol
Innovacioig, 2021, 10-12.

8. Hadeer Q. Waleed, Dalal K. Thbayh, Amal Zarrami, Julie Mallouhi, Pecsmany
Daéniel, Reizer Edina, Rachid Hadjadj, Fiser Béla, "How can we design better
polymers with supercomputers?,” HPC ECHO, From Science to Innovation, 2021,
10-12.

9. Rachid Hadjadj, Imre G. Csizmadia, Hadeer Q. Waleed, Dalal K. Thbayh, Béla
Viskolcz, Béla Fiser, "Monoethanolamine assisted CO2 hydrogenation to methanol
— A computational study,” Molecular Catalysis, Vol. 559, pp.114091, 2024. DOL:
10.1016/j.mcat.2024.114091. (Q2; IF=4.6).

13



Presentations and posters
1. A Miskolci Egyetem Kémiai Intézetének (KI, MAK, ME) és a MAB Elméleti és
Fizikai Kémiai Munkabizottsagédnak k6zds rendezvénye
Oral presentation/Online/Miskolc, Hungary, 2021.05.11.
A Computational Study of Urethane Formation.
2. Symposium on Polyurethane Innovation SP1 2021
Oral presentation/Online/Miskolc, Hungary, 2021.08.24.
Computational Study of Urethane Formation in the Presence of Catalysts.
3. 37. Borsodi Vegyipari Nap
Oral presentation/Online/Miskolc, Hungary, 2021.11.17.
Catalytic Effect of Amine Catalysts on Urethane Formation - A Computational
Study.
4. 25™ Spring Wind Conference
Poster presentation/Pécs, Hungary, 2022.06-08.05.
Catalytic Effect of Tertiary Amine on Urethane Formation.
5. Symposium on Polyurethane Innovation SPI 2022
Oral presentation/Miskolc, Hungary, 2022.11.11.
Experimental and Theoretical Study of Urethane Formation in the Presence of
Amine Catalyst.
6. 10" Visegrad Symposium on Biomolecular Interactions
Poster presentation/Nove Hrady, Czech Republic, 2022.06.16.
Experimental and Theoretical Study of Tertiary Amine Catalysed Urethane
Formation.
7. Hungarian Science Day
Oral presentation/Miskolc, Hungary, 2022.11.09.
Polyurethane Catalysis by Tertiary Amines - A Combined Theoretical and
Experimental Study.
8. 26" Spring Wind Conference
Oral presentation/Miskolc, Hungary, 2022.05-07.05.
Experimental and Theoretical Study of Urethane Formation in the Presence of
Tertiary Amine Catalyst.
0. 11" Visegrad Symposium on Biomolecular Interactions

Poster presentation/Szidonia Castle, Hungary, 2023.20-23.06.

14



Amine Catalysed Urethane Formation — A Combined Experimental and Theoretical
Study.
10.  10™ Doctoral Symposium on chemistry
Poster presentation/Lodz, Poland, 2023.18-19.05.
Cyclic Amine Catalysed Urethane Formation- A Combined Experimental and
Theoretical Study.
1. Symposium on Polyurethane Innovation SPI 2023
Oral presentation/Miskolc, Hungary, 2023.08.24.
A Computational Study of the Catalytic Effect on Urethane Formation.
12. Basics & Application of Computational Chemistry in Action (BACCA),
Erasmus+ Blended Intensive Programme, virtual session
Oral presentation/Online, 2024.04.04
Organocatalytic Urethane Synthesis— A Computational Study.

Scientometrics

e Total number of publications: 15
e Total number of first author publications: 13
e Total number of second author publications: 2
e Total number of Q1 publications: 5
e Total number of Q2 publications: 1
e Total number of Q3 publications: 1
e Total number of independent citations: 11
e H index:

15



