
Proceedings of the 16th Brazilian Polymer Conference (16° CBPOL), October 24-28, 2021, Ouro Preto-MG, Brazil 

 
 

PREPARATION AND CHARACTERIZATION OF GELATIN-BASED 

MICROGEL WITH INCORPORATION OF PHOSPHOLIPID ORGANOGEL 
Roberta N. Zucatti1 and Nádya Pesce da Silveira1* 

1 – Department of Inorganic Chemistry, Federal University of Rio Grande do Sul (UFRGS), Porto Alegre, RS, Brazil 

nadya@iq.ufrgs.br  

Abstract: Chemical microgels based on gelatin and hyaluronic acid were synthesized, with and without the 

incorporation of phospholipid organogel in the polymer matrix. The presence of surfactant in the crosslinking step was 

evaluated. Dynamic Light Scattering and Zeta Potential analyzes indicated the formation of liposomal vesicles, which 

provided additional stabilization in the crosslinking step, inducing the formation of microgels with smaller effective 

diameters; the same effect was observed in relation to the presence of the SDS surfactant. SEM images showed a pearl-

necklace conformational morphology, and micrometric star-shaped aggregates. For the investigation of the internal 

organization of the microstructures SAXS analyses were performed, which indicated the self-organization of the 

systems in core-shell structures and allowed determination of characteristic Bragg distances in the microdomains. 
Keywords: Intelligent hydrogels; liposomal vesicles; pearl-necklace conformation; crosslinked gelatin; SAXS. 

Introduction  
The need to obtain sub-micrometric biodegradable systems associated with satisfactory parameters 

of colloidal dispersion and stability has increased the number of studies on classes of materials with 

lipid composition, such as liposomal vesicles [1], and on intelligent hydrogels [2]. The latter are 

stimulus-responsive systems that can react to changes in pH, temperature, or even electrical 

potential and therefore exhibit promising capabilities as carrier systems or electrochemical 

biosensors, to be used in the biomedical or microelectronics field. This work proposes the 

preparation of a chemical microgel based on gelatin (a mixture of polypeptides, biodegradable and 

biocompatible) and hyaluronic acid [3], with and without the incorporation of phosphatidylcholine 

organogel. The study focuses on verifying the influence of surfactant in the crosslinking step as well 

as the interaction of the microgel matrix with the organogel, in addition to evaluating the internal 

organization of the microstructures. 

Experimental  

Synthesis of reference microgels (MG) 

Gelatin and hyaluronic acid, in a determined mass ratio, were dispersed in a solution of water and 

ethanol (1:1) (v:v), at the concentration of 3 mg mL-1. The dispersion was left under magnetic 

stirring at the temperature of 36(±2) °C, for homogenization. The resulting solution was called pre-

gel solution and gave rise to microgel samples named MG1, MG2 and MG3. The MG1 sample was 

synthesized from the drop of an aqueous solution of the crosslinker 1-ethyl(3,3-

dimethylaminopropyl)carbodiimide (EDC) (18 mmol L-1) onto the pre-gel solution, under 

mechanical stirring and ice bath. The synthesis of the MG2 and MG3 samples followed the same 

procedure, but they were crosslinked in the presence of the surfactant SDS at concentrations of 4 

and 12 mmol L-1, respectively. 

Synthesis of phospholipid organogel (OF) 

In the preparation of the organogel the reverse phase evaporation methodology was used [1]. The 

process consisted of 4 steps: 1) Phosphatidylcholine from soy lecithin was dissolved in ethyl 
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acetate, at the concentration of 6 mg mL-1; 2) 200 μL of distilled water was added, resulting in two 

immiscible phases; 3) The system was subjected to sonication and a water / oil emulsion was 

formed, in which phospholipids were structured in reverse micelles, with an aqueous core in the 

organic solvent; 4) Ethyl acetate was evaporated from the system in a rotating evaporator, 

concentrating the reverse micelles and breaking their membranes, which gave rise to a liquid 

crystalline organogel. 

Synthesis of the microgel-organogel hybrid system (MGOF) 

The aqueous solution of EDC was added to the synthesized organogel. The resulting solution was 

dropped onto the pre-gel solution according to the same crosslinking protocol as MG microgels. 

Samples with and without the presence of surfactant were synthesized: MGOF1 (absence of 

surfactant), MGOF2 (SDS 4 mmol L-1) and MGOF3 (SDS 12 mmol L-1). 

Analyses 

Dynamic Light Scattering (DLS) was applied to determine the particle size. DLS characterization is 

based on the hydrodynamics of the particles in a solution and the Stokes-Einstein relation (Eq. 1) 

[2] is used to give the hydrodynamic radius (Rh). 

Rh = 
kBT 

6𝜋𝜂𝐷
   (1) 

where kB is the Boltzmann constant, T is the absolute temperature, η is the medium viscosity, and D 

is the diffusion coefficient. 

Zeta Potential (ZP) analyses were performed to verify the particles colloidal stability. ZP can be 

applied to determine the electrical potential of the particles surface and values far away from zero 

(0) are associated to stable particles in solution. For morphological analyses the Scanning Electron 

Microscopy (SEM) was applied, and for the internal structure investigation of the materials Small 

Angle X-ray Scattering (SAXS) analyses were performed. SAXS profiles can be related to the 

existence of organized structures in the particles, and a characteristic q-value can be analyzed to 

give the size of such structures. 

Results and Discussion 
Particle size and colloidal stability 

When the organogel comes into contact with water, the tendency is for the phospholipid structures 

to organize themselves as liposomal vesicles. DLS analysis of the organogel aqueous solution 

(Table 1) showed a well-defined particle diameter at the nanoscale, indicating the formation of 

these self-organized structures. The ZP value is large in modulus and indicates colloidal stability. 

Table 1. Results of effective diameter of microgel samples MG, MGOF and isolated liposomes, and zeta 
potential values with standard deviation. 

Sample Effective Diameter (nm) Zeta Potential (mV) 

MG1 1000 5,7 ± 1,0 

MG2 350 - 7,9 ± 1,8 

MG3 235 - 18,4 ± 4,4 

MGOF1 480 8,9 ± 3,8 

MGOF2 265 - 6,9 ± 2,6 

MGOF3 265 - 11,9 ± 4,2 

Liposomes 230 - 39,6 ± 4,9 
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DLS analyses of the microgels revealed that the SDS surfactant provided additional stability to the 

polymers during the crosslinking process, as all samples crosslinked in its presence had smaller 

effective diameters. The negative ZP results are as expected, since the surfactant is anionic. 

Samples MG1 and MGOF1 showed positive ZP values because gelatin (which is amphoteric) is in a 

cationic state in the formed particles, at the pH used. The highly negative ZP value observed in the 

liposomes contrasts with the positive value observed in the MGOF1 microgel, that was crosslinked 

in its presence. Considering that the ZP analysis reflects the surface of the particles, this indicates 

that the liposomal vesicles are located inside the microgel matrix in a core-shell conformation. 

Another indication of possible self-organization in MGOF samples lies in the effective diameter 

size of the MGOF1 sample, which is substantially smaller than that of the MG1 sample (also 

crosslinked in the absence of surfactant); a possible interpretation is that the liposomal vesicles 

acted similarly to micelles, inducing the polymers to organize themselves around them and 

providing stability in the crosslinking step. 

Morphology 

SEM images of MG and MGOF microgels indicate spherical-shaped particles, connected by 

polymer chains (Fig 1.a,c,d), in a pearl-necklace conformation. Star-shaped micrometric aggregates 

(Fig 1.b) were also observed. 

 
Figure 1. SEM images of microgel samples. MG3 (a) pearl-necklace conformation (b) star-shaped 

aggregates. MGOF3 in the pearl-necklace conformation in (c) and (d). 

The pearl-necklace conformation has already been described in the literature for synthetic polymers 

[4] and is due to a cooperative polymeric hydration effect caused by neighboring water molecules. 

A second water molecule can access the chains to form a hydrogen-bond more easily after a first 

one has caused some functional group displacement in the polymer, creating more access space. 

Thus, consecutive bonded water sequences appear along the chain. This effect may have impacted 

the gelatin and hyaluronic acid chains during the crosslinking process, giving rise to this 

conformation. When the chains that connect the network of larger particles are heated and 
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dehydrated, there is a tendency to collapse, and for this reason this conformation induces a response 

to thermal stimuli. Another possible cause of obtaining the pearl-necklace conformation could be 

the rapid crosslinking reaction between the polymers, which causes individual spherical particles to 

remain connected via crosslinked polymer chains. 

Internal organization 

The scattering curves obtained by SAXS analyses (Fig 2) show a peak that indicates the presence of 

a self-organized structure in the particles, referring to a micro domain structuring. Only the samples 

crosslinked in the presence of surfactant and/or liposomes acquired a degree of internal 

organization, since in the MG1 sample the peak is not present. 

 
Figure 2. SAXS curves of samples. On the left, MG samples; on the right, MGOF samples. 

The scattering peak can be related to the repeat distance (L) between micro domains by applying the 

Bragg relation (Eq. 2), where q0 is the scattering vector value at the maximum of the peak [7]. 

L = 
2𝜋

q0

                 (2) 

The parameters in Table 1 were determined after adjustment by Gaussian function of the peak 

regions observed in the experimental curves. 

Tabela 2. SAXS data fitting, where q is the peak center and L is the repeat distance. 

Sample q (nm
-1

) L(nm) 

MG1 - - 

MG2 1,7768 3,5362 

MG3 1,8992 3,3083 

MGOF1 1,0869 5,7808 

MGOF2 1,7310 3,6298 

MGOF3 1,7479 3,5947 

As well as the evidence observed in the zeta potential results, the SAXS analyses also point to a 

core-shell structure. The MG system has internal organization similarities to some colloidal 

structures previously reported in the literature [5,6], in which the core of the nanoparticles consists 

of a densely packed microphase compose of surfactant micelles surrounded by oppositely charged 

macromolecules. The core of the synthesized microgels can be considered as disordered, since the 

SAXS profile shows no internal substructures that could be indicative of crystalline order. It was 
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assumed that micelles within the core are linked together by polymer chains and that the 

characteristic distance L is the intermicellar distance.  

MGOF samples seem to be structured in the same way, however there are liposomal vesicles 

composing the core together with surfactant micelles (MGOF2 and MGOF3) or even individually 

(MGOF1). The hybrid microgel-liposomes systems have L values slightly higher than the MG 

samples, which may be related to a greater electrostatic repulsion, or to the size of the lipid 

structures. 

Conclusions  
In this work it was possible to synthesize monodisperse microgels whose matrix can contain 

liposomal vesicles, presenting a self-organized core-shell structure. The conformational aspect of 

the system is the pearl-necklace type, with star-shaped aggregates. The intelligent response capacity 

to temperature and pH, in addition to the biocompatible nature of the polymers used, make the 

synthesized microgels potential candidates for applications in the medical and pharmaceutical 

industry. The possible use of the system in the conservation of works of art is also being evaluated.  
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