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Deliverable 1.1 

29/03/22 

 
 
 

D1.1. Protocol of synthesis of reference MNPLs 
together with their respective characterization 

 
 

 

Num Title Due 
date 

Responsible Dissem 

Level 

D1.1 Protocol of synthesis of reference 
MNPLs together with their 
respective characterization 

31/03/22 AIMPLAS Public 

 
 

The objective of the report is to show the work carry out in WP1 to obtain MNPLs 
reference materials. Due to the large number of MNPLs that must be obtained, 
the report only summarizes what was done in the period but it will be a live 
deliverable since it will be necessary to add more information as progress is made 
in obtaining the rest of the reference materials. 
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1. Objetives:  
 
 To define the necessary protocols to produce the MNPLs (labelled and non 
labelled) defined in the project proposal.  
 To carry out the necessary characterization of the MNPLs obtained. 
 To study different options to stabilize suspensions obtained. 
 To obtain and distribute the MNPLs obtained to the consortium. 
 To define futures steps. 
 
 
2. MNPLs obtained. 
 
The MNPLs available for the project consortium are: 
 
 NanoPLA (labelled and non labelled: obtained by AIMPLAS) in suspension. 
 Microparticles of PP, HDPE, LDPE, PLA, PA and PET (obtained by AIMPLAS) in 
powder. Different sizes. Optimizations are needed to decrease the size up to 10 
microns 
 NanoPET (obtained by UAB) in suspension. 
 
 
3. Protocol of functionalization. 
 

To obtain labelled nanoparticles a functionalization step has been carry out. 
In the following scheme is showed the strategy: 

 
 

General strategy to obtain fluorescence labelled MNPLs  
 
 
 
 
 
 

 
 
The protocol is divided in two steps: 
 

1) Amine Functionalization (PLA, PET y PP) 

2) Fluorescence labelling (de PLA) 

 
 
The different targets of PLASTICHEAL require ad hoc design of new materials. In this 

context, functionalized polymers obtained through reactive extrusion play a role of 

paramount importance, allowing the chemical embedding of markers specifically 

Amine 
Functionalization 

Nanoparticles 
Obtaining 

Fluorescence 
labelling 
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developed for the monitoring of MNPLs in the environment and in human beings, 

preventing the loss of the luminescent marker in the biological media.  

The reactive extrusion is a recently developed process that allows to obtain chemically 

grafted polymers without the use of solvents. Despite its wide employment in 

industrial fields, it is gaining a considerable interest also in academic studies thanks 

to its applicability with thermoplastic polymers. This technique allows to perform 

chemical reactions between polymers and monomers or additives in the molten 

state. The reaction is carried out in single/twin screw extruders or torque rheometers 

through a continuous process with short residence times and high temperatures. 

 
Polymers of different nature were extruded in a laboratory extruder (Figure 1) the 

presence of a radical initiator  together with different kinds of additives presenting 

reactive double bonds and appropriated functional groups to functionalize the 

polymeric chains. Those functional groups would be either amines or carboxylic acid 

moieties (Figure 2) which would react with commercially available substituted 

fluorophores in a later stage.  

 

 
 

Figure 1. Laboratory extruder HAAKE™ MiniLab II Micro Compounder. 

 

 

3.2 Functionalization of polyethylene terephthalate (PET) 

 

a) Grafted PET for reaction with acid-reactive fluorophores. 

 

Some trials were done to identify the best quantity of polymer and other parameters 

(such as temperature and screw rate) to use. The best conditions were kept for further 

trials. 
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First trials were conducted using virgin PET as polymeric matrix and different quantity 

of initiator and allylamine (AA) as additive (Figure 2). Purification of the extruded 

polymers was performed with an internal protocol.  

 

 

Figure 2. Functionalization of PET with Allylamine 

 

 

A similar study was carried out for the grafting of oleylamine (OA) (Figure 3). The yields 

were in all cases above 86 %. 

 

 

Figure 3. Functionalization of PET with Oleylamine 

 

The successful functionalization was confirmed by the 1H NMR (nuclear magnetic 

resonance) spectrum recorded in C2D2Cl4. The oleylamine-functionalized PET shows, 

besides the intense singlets at 4.68 and 8.09 ppm related to the methylene and 

aromatic hydrogen atoms of common PET, other signals between 8.05 and 7.79 ppm. 

These resonances cannot be attributed to free oleylamine but are probably related to 

aromatic rings close to functionalized methylene groups. Similar considerations are 

possible for the O-bonded CH. It is likely to suppose that resonances in the 4.48 - 3.41 

ppm range are related to functionalized fragments of the polymer chains. The 

aliphatic resonances of the oleylamine branches are comprised between 2.01 and 0.85 

ppm (Figure 4). 
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Figure 4. 1H NMR spectrum of oleylamine grafted PET (PHL-2B). C2D2Cl4, 298 K. 

 

B) Grafted PET for reaction with amine-reactive fluorophores. 

 

In this case, PET was reacted with other additives (Figure 5) to achieve the 

functionalization. Unfortunately, the desired reaction was not obtained and therefore 

grafting with alkenylamines was the strategy of choice for the project. Since reaction 

with an acid-reactive fluorophore would be easier for an oleylamine functionalized 

polymer rather than an allylamine grafted one, the synthesis of oleylamine 

substituted polymers was selected for the next steps. 

 

3.3 Functionalization of polypropylene (PP). Preliminary results. 

Using HAAKE, some trials were done to identify the best quantity of polymer and other 

parameters (as temperature and rpm of screws) to use.  
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Figure 5. Functionalization of PP with different molecules. 
 
 
 

3.4 Functionalization of polylactic acid (PLA) 

 

The best conditions for these experiments were fixed. The reactions were performed 

in the presence of alkenylamines, i.e. AA and OA. The extruded was purified following 

an internal protocol. 

 

 

Figure 6. Functionalization of PLA with Allylamine. 
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Figure 7. Functionalization of PLA with Oleylamine. 

 

 

4. PLA and PET nanoparticles (AIMPLAS) 
 

4.1. Nanoprecipitation of PLA 

There are different methods for obtaining PLA nanoparticles. One of the most 

described methods in the literature for the use of PLA as a biocompatible material for 

the transport and release of drugs is emulsion nanoprecipitation1–14. 

Using this method, it is possible to obtain nanoparticles with a low polydispersity. The 

method used consisted in the use of an organic phase composed of dichloromethane 

(DCM) and PLA and an aqueous phase composed of water and SDS as a surfactant.  

The obtained nanoparticles have been characterized by SEM and DLS. Zeta potential 

has also been measured. 

 

In a final step, as is showed in Figure 8, emulsion was pass thru a 0.45 microns filter 

disc. In the DLS results is showed the disappearance of the bigger one size distribution 

microparticles. 
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Figure 9. PLA emulsion after purification (a), filter used (b) and final purified product 

(c) 

 

4.2. PLA characterization. 
 

Morphology was characterized by SEM. Water-emulsion PLA nanoparticles was 

characterized under electronic microscopy. In Figure 10 is showed a micrography of 

the obtained NPs. It is observable a distribution of sizes form nanoparticles to 

microparticles. 
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Figure 10. SEM Micrography of PLA nanoparticles as prepare 

 

After purification with centrifuge methods, bigger nanoparticles were separated, and 

it is visible in the micrograph showed in Figure 11. Due the resolution of the 

equipment, was not possible go closer in the sample. Furthermore, with the electron 

beam at this work distance, sample was going to melt. This effect is visible in the 

Figure 12 where the functionalized nanoparticles are shown. 
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Figure 11. SEM Micrography of the purified PLA nanoparticles 

 

 

Figure 12. SEM Micrography of the functionalized PLA-PHL12B nanoparticles 

 

To evaluate the polydispersity of the nanoparticles, dynamic light scattering (DLS) was 

used. A sample was measured after removing the SDS by centrifugal cleaning (Figure 

13) and after passing the sample through a 0.45-micron disc filter (Figure 14). It can be 
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observed that the PdI decreases considerably (0,157 vs 0.062) and the population of 

particles that appears in Figure 13 in the micron range disappears. 

 

Figure 13. Size distribution of the PLA nanoparticles after SDS cleaning 
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Figure 14. Size distribution of the PLA nanoparticles after SDS cleaning and filtering 

by 0.45-micron filter disc 

 

The plot of intensity (%) versus sample size (nm) of functionalized PLA-PHL12B is 

shown in Figure 15. Values obtained were like the previous PLA nanoparticles without 

functionalization with a PdI values of 0,089. 

Results for the Fluorescein labelled PLA are shown in the Figure 16. With PdI of 0.031 

were the lower Z-Average (105,9 nm). 
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Figure 15. Size distribution of the functionalized PLA-PHL12B nanoparticles after SDS 

cleaning 
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Figure 16. Size distribution of the Fluorescein labelled PLA nanoparticles after SDS 

cleaning and filtering 

 

The stability of the emulsion was evaluated using Zeta potential and is estimated by 

measuring electrophoretic mobility of the droplets. Zeta potential is often used as an 

indicator of the droplet stability, where values more positive than +30 mV and more 

negative than −30 mV indicate good stability against coalescence15.  

Zeta potential distribution of the PLA nanoparticles before and after filtration with 

0,45 filter disc, are shown in Figure 17 and 18 respectively. Results obtained for 

functionalized PLA-PHL15A and Fluorescein labelled PLA are shown in Figure 19 and 

Figure 20. 

In the case of PLA nanoparticles, similar values were obtained before and after 

filtration of the samples, with a Zeta Potential of -41 mV and -48 mV respectively. 
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Measurement of functionalized PLA-PHL15A nanoparticles was not with enough 

quality. Probably was because the measurement was done 2 weeks after preparation 

and flocculation process started.  

 

Figure 17. Zeta potential distribution of the PLA nanoparticles 
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Figure 18. Zeta potential distribution of the PLA nanoparticles after SDS cleaning and 

filtering by 0.45-micron filter disc 
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Figure 19. Zeta potential distribution of the Fluorescein labelled PLA 

 

4.3. Nanoprecipitation of PET (previous trials) 

 

Same strategy as PLA nanoparticles by emulsion precipitation was followed for the 

preparation of PET nanoparticles. For this polymer, dichloromethane it was nor useful, 

so a mixture of organic solvents was used. 

PET and functionalized PET was prepared by this methodology. Morphology was 

characterized by SEM. Results of the PET nanoparticles and functionalized PET-

PHL2C, PET-PHL10A and PET-PHL2D are shown in Figures 20, Figure 21, Figure 22 and 

Figure 23 respectively  
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Figure 20. SEM Micrography of PET nanoparticles 
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Figure 21. SEM Micrography of functionalized PET-PHL2C nanoparticles 
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Figure 22. SEM Micrography of functionalized PET-PHL10A nanoparticles 

 

 

Figure 23. SEM Micrography of functionalized PET-PHL2D nanoparticles 

 

5. Labelling of PLA (AIMPLAS) 

5.1 Labelling of PLA. 
 
The amino-functionalized PLA nanoparticle suspensions were labeled employing 5-

Carboxyfluorescein, Succinimidyl Ester (Figure 24). The succinimidyl ester moiety is 

very reactive towards primary amine groups as the ones present in the oleylamine 

grafted PLA nanoparticles. 
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Figure 24. 5-Carboxyfluorescein, Succinimidyl Ester. 

 
The reaction took place in the dark at room temperature for one hour. Non-reacted 

fluorophore was removed by ultracentrifugation. 

 

 

Figure 25. reaction set-up for the fluorescent labelling of PLA nanoparticles. 

  

 

 
Figure 26. Fluorescein labelled PLA nanoparticle suspension (left) shows 

fluorescence upon irradiation with a 254 nm lamp (right). 
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5.2. Summary and future improvements 

Nanoparticles of PLA, functionalized PLA and Fluorescein labelled PLA was performed 

by emulsion nanoprecipitation. Emulsions were stables during months (with SDS) and 

during weeks (suspended in water). Some trials were done with albumin an PVA as 

co-stabilizers.  

Nanoparticles were characterized by SEM, DLS and Zeta potential. SEM micrographs 

shown a good size distribution and it was confirmed by DLS with values below 1of PdI 

and a Z-Average between 136-170 nm. 

PET nanoparticles have been obtained with the same procedure as PLA nanoparticles. 

SEM micrographs shown a good size distribution, but stability is quite poor (only days) 

and needs improvements. 

New formulations with other surfactant with biological compatibility is ongoing to 

increase stability of both PLA and PET emulsions. 

 

6. PET Nanoparticles (UAB). 
 
6.1. PET nanoparticles obtaining (UAB). 

 
The PET raw material used to produce PET-NPLs was obtained from commercially 

available water plastic bottles. The developed procedure was adapted from the 

previously reported by  Rodríguez-Hernández et al. (2019). Briefly, pieces of about 12 

cm2 from the bottom part of the water bottles were initially sanded with aluminum 

oxide/silicon carbide rotary burrs. Due to the observed metal-contamination a 

diamond rotary burr sander accessory, attached to a flexible shaft powered by a 

multitool Dremel 3000, was choose for the sanding process. The obtained PET debris 

was passed through a 0.2 mm sieve (CISA R-92), and 4 g of the resulting material were 

dispersed in 40 mL of pre-heated (50 ºC) trifluoroacetic acid (TFA, 90% v/v), in a 

proportion of 10 mL TFA per gram of sieved PET, on a stirring plate at 100 rpm for 2 h. 

After a complete dispersion, the mixture was kept at room temperature overnight in 

continuous agitation. Next day, 40 mL of TFA 20% (v/v) was added to the sample and 

the mixture was kept under constant and vigorous stirring for 24 h. After that, the 

obtained dispersion was distributed on six 10 mL glass tubes and centrifuged at 2500 

RCF for 1 h. Once the supernatants were discarded, the obtained pellets were 

resuspended on 400 mL of 0.5% sodium dodecyl sulfate (SDS) solution, vigorously 

mixed, and distributed into two 200 mL beakers, for ultrasonication on an SSE-1 

Branson sonicator. Sonication lasted for 2 min at 25% amplitude, in 9/9 s 
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sonication/break cycles. The volume of each beaker was transferred to a graduated 

cylinder, where sedimentation of larger particles took place for 1 h. The top 100 mL of 

the suspension (from each graduated cylinder) was collected, resuspended, and 

sonicated at 10% amplitude for 16 min in a cold-water bath, aliquoted, and 

immediately frozen in liquid nitrogen and stored at -80 ºC for further use. Each one of 

the cryotubes contained 1 mL of a concentration of 12.5 mg/mL. 

 
6.2. PET nanoparticles characterization (UAB). 

 
The characterization of PET nanoparticles includes: 
 
Scanning Electron Microscopy / Energy Dispersive X-Ray Microscopy (SEM-EDS). 
 
 
 
 
 
 
 
 
 

Figure. 27. Scanning electron microscopy results. Amorphous structures can be 
observed as aggregates (A) or a constituent part of a holey structure. Structures from 
a diverse range of geometry can be observed as aggregates (B). Single particle at the 
center of the field surrounded by smaller ones (C), Close up of the particle. 

 
 
Transmission Electron Microscopy (TEM)  
 
 
 
 
 
 
 
 
 
 
 

Figure 28. PET characterized by TEM. Size distribution of sizes was obtained from 
measures of more than 100 particles showing a bimodal distribution, with the main 
pick with sizes around 50 nm, and a second pick with sizes around 400-500 nm (A). 
Fields with many small sized materials and irregular shapes and fibers like structures 
(B). Rod-like structure (C). Aggregates permit to visualize the small sizes of their 
components (D).  
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Fourier Transform Infrared Spectroscopy (FTIR). 
 

 

 

Assignment Wavenumber 
(cm-1) 

Out of plane 
benzene group 

725 – 870  

CH2 rocking of glycol 845 – 897   
C-O stretching of 
glycol 

970  

In plane vibration of 
benzene 

1017 

Mainly due to ester 
C=O stretching 

1090 – 1230 

CH2 wagging of 
glycol 

1340 – 1370  

Benzyl ring 1410     
Trans and Cis 
isomers ethylene 
segments  

1472 – 1440 – 
1458 

C=O stretching band 1714  
 
Figure 29. FTIR spectra. Identity of principal picks of the interferogram (a) and its 
assignment (b). Vertical lines indicate coincident picks. 
 
 
Multi Angle and Dynamic Light scattering (DLS-MADLS) and Zeta Potential 
 
 

 

pH Zeta 
Potential 

Conductivity Mobility 
Particle 
concentration 
(particles/mL) 

Water  7.10±0.21 -29.90 0.01 -
2.34±0.03 

8.68x108 

SDS 
(0.5%)  6.9±0.01 -35.40 0.80 

-
2.78±0.05 1.19x109 

 

A B C 
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Figure 30. Size distribution analysis by DLS. (A) Filtered and sonicated PET-NPLs 
samples were used with both water and SDS (0.5%) as dispersants, and 174.7 as the 
angle of scattering collection. (B) The correlation coefficients of the measurements. 
(C) Particle size distribution by using MADLS with three angles of scattering collection 
(174.7, 90, and 12.78) with water or SDS (0.5%) as dispersants.  
 
 
 
7. Future Work. 

 
It is necessary to continue working in the obtaining of reference materials to have 
available for the project at least 4 types of MNPLs and one type of nanofiber. 

On going work include:  

- To obtain PLA suspensions more concentrated. 
- To obtain micro nanoparticles in the size of 10 microns. 
- To obtain PET nanoparticles in the range of 10 microns 
- To obtain micro-PET and micro-PLA labelled. 
- To obtain PET nanofibers. 
- To obtain PP and PE MNPLs labelled and non labelled. 

As Plasticheal project is inside the CUSP cluster several meetings have been carry out 
to share MNPLs to have common materials for the five projects included in the cluster. 
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