
 

This is an electronic reprint of the original article. This reprint may differ from the original 
in pagination and typographic detail. 

 
Synthesis of polyester from renewable feedstock: a comparison between microwave
and conventional heating
Bansal, Kuldeep; Upadhyay, PK; Kakde, D; Rosenholm, Jessica; Rosling, Ari

Published in:
Mendeleev Communications

DOI:
10.1016/j.mencom.2019.03.021

Published: 01/01/2019

Document Version
Accepted author manuscript

Document License
CC BY-NC-ND

Link to publication

Please cite the original version:
Bansal, K., Upadhyay, PK., Kakde, D., Rosenholm, J., & Rosling, A. (2019). Synthesis of polyester from
renewable feedstock: a comparison between microwave and conventional heating. Mendeleev Communications,
29(2), 178–180. https://doi.org/10.1016/j.mencom.2019.03.021

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

This document is downloaded from the Research Information Portal of ÅAU: 23. May. 2023

https://doi.org/10.1016/j.mencom.2019.03.021
https://research.abo.fi/en/publications/13619693-b961-4aff-9bdf-86b184d26a1a
https://doi.org/10.1016/j.mencom.2019.03.021


Page 1 of 8 

 

 

This is the accepted version of a paper published in Mendeleev Communications. This version 

is distributed under the terms of the CC BY-NC-ND license 

(https://creativecommons.org/licenses/by-nc-nd/4.0/) 

 

 

Citation for the original published paper: 

Kuldeep K. Bansal, Prabhat K. Upadhyay, Deepak Kakde, Jessica M. Rosenholm, Ari 

Rosling, (2019) Synthesis of polyester from renewable feedstock: a comparison between 

microwave and conventional heating, 

Mendeleev Communications, 29(2): 178-180 https://doi.org/10.1016/j.mencom.2019.03.021 

  

https://creativecommons.org/licenses/by-nc-nd/4.0/


Page 2 of 8 

 

Synthesis of Polyester from Renewable Feedstock: A comparison between 

microwave and conventional heating 

Kuldeep K. Bansala,c,d*, Prabhat K. Upadhyayb, Deepak Kakdea, Jessica M. Rosenholmc, 

Ari Roslingd  

aSchool of Pharmacy, University of Nottingham, University Park, Nottingham NG7 2RD, United Kingdom 
bInstitute of Pharmaceutical Research, GLA University, Mathura, Uttar Pradesh 281406, India 
cPharmaceutical Sciences Laboratory, Faculty of Science and Engineering, Abo Akademi University, 20520 
Turku, Finland 
dLaboratory of Polymer Technology, Centre of Excellence in Functional Materials at Biological Interfaces, Åbo 
Akademi University, Biskopsgatan 8, 20500 Turku, Finland 

Synthesis of polyester using 2-dodecenyl succinic anhydride (DDSA) and renewable 

glycerol was attempted to generate polymer with control functionality. Conventional (hot 

plate) and microwave heating were used to accomplish polycondensation reaction. 

Conventional heating was found suitable to yield polymer whereas microwave heating 

failed to generate polyester using DDSA and glycerol.     

Synthesis of functional polyesters from renewable monomers is of great interest in polymer 

research[1-3]. Therefore, in this study, we have investigated the synthesis possibility of 

polyester (with free hydroxyl groups) using glycerol, which offers a selective modification of 

the available alcohol groups due to the difference in reactivity[4]. A similar approach was 

utilised previously to synthesise Poly(glycerol adipate) (PGA) polymer[5, 6]. However, to 

impart hydrophobicity, free hydroxyl groups were substituted with fatty acid chains and thus 

any further opportunities of post functionalization with additional functional groups of interest 

is diminished. 

Considering the above mentioned limitation, we have selected a more hydrophobic 

derivative of succinic anhydride named 2-dodecenyl succinic anhydride (DDSA) to synthesise 

polyester. DDSA has been widely used to modify biopolymers and resins[7]. The synthesis of 

alkenyl succinic anhydride was reported from sunflower oil and therefore, it could be a potential 
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renewable monomer[8]. Use of organic solvents was avoided to generate a solvent free product 

and to reduce the synthesis cost of the oligomers.   

Microwaves as a heat source have been known to lower the reaction temperature and time[9, 

10] to make synthesis processes more commercially viable, eco-friendly, and it reduces the 

potential of the generation of unwanted by-products[11, 12]. Therefore, microwave assisted 

synthesis was also considered to validate the obvious advantage of this technique. Initially, the 

synthesis of polyester via polycondensation was tried at high temperature under vacuum but 

unfortunately, we always got cross-linked material. Therefore, a step-wise approach was 

selected to synthesise the oligomers and polymers of DDSA in order to increase the level of 

control that could be exercised over the final polymeric structure. An additional reason behind 

adopting this strategy was to establish the characterization data of oligomers of different 

molecular weight with free hydroxyl unit.  

Synthesis approach to prepare oligomers of DDSA and glycerol were described in Scheme 

1. The G0-Glycerol was synthesised by reacting DDSA with glycerol in bulk without using any 

catalyst. It was expected that when two moles of DDSA were allowed to react with 1 mole of 

glycerol, the reaction preferentially occurring at the terminal primary hydroxyl groups. 

Consequently, the resulting product will have one free secondary alcohol group in its structure 

due to the latter’s higher steric hindrance and low reactivity[13]. It is well known that 

polyoxyethylenesorbitan monooleate (Tween 80, molecular weight ~1310 Da) is a powerful 

surfactant[14] and therefore the target molecular weight of 1500 Da was decided for the 

synthesis of DDSA-glycerol oligomers. Conversion of monomer to oligomer was monitored by 

1H-NMR. The disappearance of the peak at 3.2 ppm (vinyl proton of DDSA and proton 

associated with anhydride ring, Figure S-1) and appearance of proton peak created after the 

ester bond formation at 4.0-4.5 ppm suggested the conjugation of DDSA with glycerol via an 

ester bond. 100% conversion of anhydride to acid was observed within 7 hrs at 120 °C. The 1H-
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NMR and MALDI-TOF MASS of the obtained product with the designated peaks were 

presented in Figure S-2. However, the proton peaks in NMR at 5.1, 5.3 and 3.6-3.8 ppm and 

additional peaks in MALDI-TOF MASS were also detected which are associated with the tri-

substituted and partially substituted glycerol (Table S-1, entry 1, 3 and 5). Therefore, the same 

reaction was then repeated using a microwave (Sairem miniflow 200SS) heating with the 

objective of getting the cleaner product in less time. The same level of conversion was achieved 

in just 2 hrs at 80 °C, but the problem of undesired products remains. Nevertheless, the 

intensities of these peaks are very low, suggesting that the majority of the sample contains 

desired structure.  
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Scheme 1 Schematic presentation of the synthesis of DDSA-Glycerol oligomer via ring opening and 

polycondensation reaction 
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Subsequently, the synthesis of a higher generation of DDSA-glycerol polymeric species using 

phosphoric acid as a biologically acceptable catalyst was first attempted with the aid of 

microwave heating due to its apparent advantage over hot plate method. However, 

unfortunately, the oligomer G0-Glycerol was found to reflect almost 90% of supplied 

microwave power (electromagnetic radiation). To identify the reason behind this, dielectric 

properties of the oligomer G0-Glycerol and glycerol were measured and loss tangent (tan δ) 

value was calculated. Tan δ is the ratio of dielectric loss (ε”) and dielectric constant (ε’) and 

thus higher the value of Tan δ, more the ability of a material to absorb microwave heating[15, 

16]. Calculated tan δ values at different working temperature were plotted (Figure 1) to find the 

optimum temperature for reaction. It was found that glycerol can able to convert the sufficient 

amount of stored electromagnetic radiation into heat whereas oligomer G0-Glycerol is not 

capable of doing the same (tan δ<0.1). It was reported that a compound with a tanδ value less 

than 0.1 would not respond better towards microwave heating[17]. The reason for this 

behaviour of G0 oligomer towards microwave heat might be linked with the decrease in the 

compound polarity. Since G0 contains 2 units of DDSA, this makes the oligomer very 

hydrophobic, and thus the microwave radiations might be reflected [18]. Therefore, it was 

concluded that the microwave heating method was not the best way to synthesise DDSA-

glycerol oligomer.  

 
Figure 1 Effect of temperature on loss tangent (tan δ) (A) Glycerol and (B) G0 Oligomer 
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Consequently, the oligomers up to G3 was then synthesised using hot plate method and reaction 

was monitored by 1H-NMR. The increment in the number of protons at position 4.0-4.5 ppm in 

1H-NMR with respect to vinyl peak protons of DDSA chain confirm the conjugation of further 

moieties of DDSA and glycerol (Figure S-3). Higher molecular weight peaks detected in 

MALDI-TOF MASS spectra further confirmed the synthesis of desired oligomers (Figure S-4). 

However, both of the characterisation techniques suggested the presence of undesired species 

along with the product. It was expected that the presence of long alkyl side chain on DDSA 

molecules imparts the hydrophobicity to the resultant polymer thus could yield the micelles 

with low CMC value. However, on the other hand, this alkyl side chain was also responsible 

for steric hindrance that may have caused an incomplete reaction in the polyesterification 

processes, which in turn generated side products. 

Hence, it was concluded that microwave assisted synthesis to achieve a polymer with free 

functional groups using DDSA and glycerol is not possible with the reported condition. Though, 

oligomers of these building blocks had been successfully synthesised via conventional heating 

but with random free hydroxyl groups. Purification at this stage was found to be challenging 

and therefore synthesis of higher molecular weight polymer is underway, which could have 

different properties and can be utilized for purifying final product from oligomers. 

Nevertheless, we have reported a facile synthesis method to generate highly hydrophobic 

biobased material, and it could be used e.g. to fabricate nanoparticles for biomedical 

applications and to generate functional amphiphilic polymers.  

References 

[1] X. Bi, Z. You, J. Gao, X. Fan, and Y. Wang, “A functional polyester carrying free hydroxyl groups 
promotes the mineralization of osteoblast and human mesenchymal stem cell extracellular matrix,” Acta 
Biomaterialia, vol. 10, no. 6, pp. 2814-2823, 2014/06/01/, 2014. 

[2] M. Dusselier, P. Van Wouwe, S. De Smet, R. De Clercq, L. Verbelen, P. Van Puyvelde, F. E. Du Prez, 
and B. F. Sels, “Toward Functional Polyester Building Blocks from Renewable Glycolaldehyde with Sn 
Cascade Catalysis,” ACS Catalysis, vol. 3, no. 8, pp. 1786-1800, 2013/08/02, 2013. 



Page 7 of 8 

 

[3] Z. You, H. Cao, J. Gao, P. H. Shin, B. W. Day, and Y. Wang, “A functionalizable polyester with free 
hydroxyl groups and tunable physiochemical and biological properties,” Biomaterials, vol. 31, no. 12, 
pp. 3129-3138, 2010/04/01/, 2010. 

[4] M. Agach, S. Delbaere, S. Marinkovic, B. Estrine, and V. Nardello-Rataj, “Characterization, stability and 
ecotoxic properties of readily biodegradable branched oligoesters based on bio-sourced succinic acid and 
glycerol,” Polymer Degradation and Stability, vol. 97, no. 10, pp. 1956-1963, Oct, 2012. 

[5] V. Taresco, R. G. Creasey, J. Kennon, G. Mantovani, C. Alexander, J. C. Burley, and M. C. Garnett, 
“Variation in structure and properties of poly(glycerol adipate) via control of chain branching during 
enzymatic synthesis,” Polymer, vol. 89, pp. 41-49, 2016/04/20/, 2016. 

[6] V. Taresco, J. Suksiriworapong, R. Creasey, J. C. Burley, G. Mantovani, C. Alexander, K. Treacher, J. 
Booth, and M. C. Garnett, “Properties of acyl modified poly(glycerol-adipate) comb-like polymers and 
their self-assembly into nanoparticles,” Journal of Polymer Science Part A: Polymer Chemistry, vol. 54, 
no. 20, pp. 3267-3278, 2016. 

[7] N. N. Shah, N. Soni, and R. S. Singhal, “Modification of proteins and polysaccharides using dodecenyl 
succinic anhydride: Synthesis, properties and applications—A review,” International Journal of 
Biological Macromolecules, vol. 107, pp. 2224-2233, 2018/02/01/, 2018. 

[8] L. Candy, C. Vaca-Garcia, and E. Borredon, “Synthesis of alkenyl succinic anhydrides from methyl esters 
of high oleic sunflower oil,” European Journal of Lipid Science and Technology, vol. 107, no. 1, pp. 3-
11, Jan, 2005. 

[9] F. Hild, N. T. Nguyen, E. Deng, J. Katrib, G. Dimitrakis, P.-L. Lau, and D. J. Irvine, “Facile 
Determination of Molecular Structure Trends in Amphiphilic Core Corona Star Polymer Synthesis via 
Dielectric Property Measurement,” Macromolecular Rapid Communications, vol. 37, no. 15, pp. 1295-
1299, 2016. 

[10] N. Z. Kiss, Z. Rádai, I. Tihanyi, T. Szabó, and G. Keglevich, “Microwave-assisted direct esterification of 
a cyclic phosphinic acid with phenols,” Mendeleev Communications, vol. 28, no. 1, pp. 31-32, 
2018/01/01/, 2018. 

[11] I. Bilecka, and M. Niederberger, “Microwave chemistry for inorganic nanomaterials synthesis,” 
Nanoscale, vol. 2, no. 8, pp. 1358-1374, 2010, 2010. 

[12] D. D. Stöbener, D. Donath, and M. Weinhart, “Fast and solvent-free microwave-assisted synthesis of 
thermoresponsive oligo(glycidyl ether)s,” Journal of Polymer Science Part A: Polymer Chemistry, vol. 
0, no. 0, 2018. 

[13] P. Kallinteri, S. Higgins, G. A. Hutcheon, C. B. St Pourcain, and M. C. Garnett, “Novel functionalized 
biodegradable polymers for nanoparticle drug delivery systems,” Biomacromolecules, vol. 6, no. 4, pp. 
1885-1894, Jul-Aug, 2005. 

[14] A. Mohamed, and A.-S. M. Mahfoodh, “Solubilization of naphthalene and pyrene by sodium dodecyl 
sulfate (SDS) and polyoxyethylenesorbitan monooleate (Tween 80) mixed micelles,” Colloids and 
Surfaces a-Physicochemical and Engineering Aspects, vol. 287, no. 1-3, pp. 44-50, Sep 15, 2006. 

[15] A. D. Smith, E. H. Lester, K. J. Thurecht, S. W. Kingman, J. El Harfi, G. Dimitrakis, J. P. Robinson, and 
D. J. Irvine, “Temperature Dependence of the Dielectric Properties of 2,2 '-Azobis(2-methyl-
butyronitrile) (AMBN),” Industrial & Engineering Chemistry Research, vol. 49, no. 6, pp. 3011-3014, 
Mar 17, 2010. 

[16] D. T. W. Toolan, K. Adlington, A. Isakova, A. Kalamiotis, P. Mokarian-Tabari, G. Dimitrakis, C. Dodds, 
T. Arnold, N. J. Terrill, W. Bras, D. Hermida Merino, P. D. Topham, D. J. Irvine, and J. R. Howse, 
“Selective molecular annealing: in situ small angle X-ray scattering study of microwave-assisted 
annealing of block copolymers,” Physical Chemistry Chemical Physics, vol. 19, no. 31, pp. 20412-20419, 
2017. 

[17] M. B. Gawande, S. N. Shelke, R. Zboril, and R. S. Varma, “Microwave-Assisted Chemistry: Synthetic 
Applications for Rapid Assembly of Nanomaterials and Organics,” Accounts of Chemical Research, vol. 
47, no. 4, pp. 1338-1348, 2014/04/15, 2014. 

[18] P. Lidstrom, J. Tierney, B. Wathey, and J. Westman, “Microwave assisted organic synthesis - a review,” 
Tetrahedron, vol. 57, no. 45, pp. 9225-9283, Nov 5, 2001. 



Page 8 of 8 

 

Graphical Abstract : 

 
 

 
 
 


	References

