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Abstract 

The development of new polymeric-based materials with outstanding performance for emerging high-tech applications 

requires a thorough understanding and a stringent control over polymer synthesis. L-lactic acid is an inexpensive raw-

material which, by direct polycondensation in the presence of a co-monomer, permits to tailor the properties of the new 

product from the very first process step. This experimental work enabled obtaining two viscous co-oligomers with linear 

and star-shaped architectures. These materials were modified with acrylate monomers and photocured, leading to flexible 

and improved adhesives. All materials were characterized envisaging their potential for clinical uses (e.g. transdermal 

delivery systems). The influence of precursor molecular architecture and end group functionalization was investigated. It 

was confirmed that, depending on target application, properties of novel materials may be manipulated by changing the 

reactive compounds and tuning their proportions. The scale-up potential of the process should be acknowledged.  
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Developing novel well-tailored materials through 

greener strategies has recently deserved the attention of 

chemical engineering researchers.  

Lactic acid (LA) is 100% renewable, and the ring 

opening process is currently used to produce high 

molecular weight poly(lactic acid) for a wide range of end-

uses. Direct polycondensation of LA (not used at industrial 

scale) has proved to be a good approach to produce low 

molecular weight oligomers (Marques, 2013). These 

viscous liquids may be photocured in seconds, under mild 

conditions, creating a new generation of UV curable 

adhesives for surgical uses or for topical drug delivery. To 

achieve this, the simple linear structure of the LA 

monomers is gradually modified by first adding a reactive 

co-monomer and then introducing interactive functional 

agents containing carbon-carbon double bonds. Decision 

on the co-monomer and functional agent enables producing 

different tailor-made macromer solutions for targeted 

applications (Santos et al., 2015). The scale-up of 

production will not endanger the prime functions of these 

macromers, while UV technology is used to obtain the 

improved and versatile networks for specific medical uses. 

The advantages of photopolymerization consist on a good 

control of materials properties, fast curing rates, low 

energy requirements and low cost (Ifkovits et al., 2007). 

 

Production of tailor-made co-oligomers and adhesives 
 

The experimental procedure consisted in the 

distillation of a commercial L-LA solution (80% v/v) at 

150ºC-170ºC, under nitrogen sweep at atmospheric 

pressure and mechanical stirring. Different OH terminated 

molecular structures were produced in the absence of toxic 

solvents and catalysts. Alternatively, two different reactive 

compounds were used: 1,4-butanediol or pentaerythritol, 

leading to linear (oligLA) or star-shaped (oligstarLA) 

block co-polymers, respectively. The amount of co-

monomer was calculated according to target molecular 

weights. To introduce terminal photo-reactive methacrylate 

sites, the second stage of the process comprised the 



  
 

oligomers modification with functional agents containing 

vinyl groups. Three agents were selected among many: 1) 

methacrylic anhydride (MAA), at 130ºC (MAA/OH molar 

ratio  1/2); 2) isocyanatoethyl methacrylate (IEMA) 

(NCO/OH - 2/1 and 4/1 ratios); and 3) aliphatic acrylic 

ester based on allophanated hexamethylene diisocyanate 

(known as LAROMER
®
 9000, LAR) (in the range 60/40 to 

30/70 w/w% NCO/OH), added only to the linear shaped 

oligomers. For the two last agents, the reaction temperature 

was 60ºC. Diethyl ether (99%) was used in these syntheses. 

Finally, Irgacure
®
 2959 was added (1% of the C=C moles) 

to all co-polymer mixtures and stirred for homogeneity. 

Lastly, adhesives with different thicknesses were produced 

using UV irradiation for 120s-180s.  

 

Materials properties and performance 
 

The success of reactions was monitored by ATR-FTIR 

(Figure 1) establishing optimal reaction times: 7h-24h. A 

preliminary assessment of the flexible films properties was 

performed (Table 1). Aiming to confirm adequacy for 

transdermal delivery, as example, permeation enhancers 

(PEG 300 and Tween 80) were incorporated in the winning 

formulation before curing. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. FTIR spectra of the linear based oligomer and 

functionalized macromers. 

 

ATR-FTIR spectra in Figure 1 show the ester linkages 

in the oligLA at 1740 cm
-1

. Hydroxyl stretching at ~3460 

cm
-1

 faded away after functionalization. For all macromers 

double bond stretching appears at 1636 cm
-1

. Urethane 

segments were detected at ~1540 cm
-1

 for isocyanate 

modified co-polymers and the peaks matching free 

isocyanate groups were not perceptible, confirming their 

full consumption. The FTIR spectra of star-shaped 

materials are very similar to those in Figure 1 with the 

same findings, therefore not shown.  

The results in Table 1 highlight that the incorporation 

of different reactive groups in the prepolymers terminals 

contributes to very dissimilar behaviors. Tailor-made 

adhesives with improved properties can indeed be 

produced by changing the functionalizing co-monomer and 

weight ratios, fulfilling the requirements. To develop 

transdermal systems, it should be guaranteed: moderate 

swelling with good hydration ability, not compromising 

adhesion; a slight hydrolytic instability; Tg values < 0 ºC 

(meaning high flexibility) and biocompatibility. 

Considering these features, the crosslinked netLA-LAR1 

enabled the best films properties. Table 1 also confirms the 

possibility of manipulating hydrophilicity and flexibility of 

the final network by adding different enhancers.  
 

 

 

At this stage, weight ratios of these components may 

be easily tuned to achieve robust matrices for drug 

delivery. An effective adhesion should not be a problem 

since, according to thermodynamic requirements, all 

formulations presented in Table 1 will adhere to the 

desired substrates like skin (s ≈ 38 - 56mN/m). 
 

Conclusions 
 

Promising functional materials were successfully 
manufactured from a renewable resource with properties 
dependent on chemical structure of the initial oligomers 
and molecular ratios used. Their performance showed 
suitability for biomedical applications.  
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Products 

Characterization 

Mn 

target 

(g.mol
-1

) 

Tg 

(ºC) 

Swelling/ 

Degradation 

(45 days) (%) 

Cell 

viability 

(%) 

oligLA 500 -47.7 - - 
macLA-MAA 654 -65.5 - - 
macLA-IEMA 810 -29.8 - - 
macLA-LAR1 - -18.4 - - 
macLA-LAR2 - -31.3 - - 
star_oligLA 760 n.d. - - 

star_macLA-MAA 1068 n.d. - - 
star_macLA-IEMA 1380 n.d. - - 

net-MAA - -36.9 22.4 / 42.9 100 
net-IEMA - -10.9 8.0 / 27.1 80 
net-LAR1 - -1.4 7.2 / 17.8 95 
net-LAR2 - -7.6 5.1 / 56.4 18 

star_netLA-MAA - n.d. 29.0 / 42.1 99 
star_netLA-IEMA - n.d. 6.0 / 16.3 90 

Formulations Swelling 

(%) 

Tg 

(ºC) 
Td (ºC) 

γs 

(mN/m) 
netLA-LAR1 (FA) 7.2 -1.4 244 37,6 

FA + PEG 14.6 -31.5 242 38,6 
FA + PEG + Tw80  22.7 -37.2 236 44,5 

Table 1.  Characterization of the materials produced. 
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