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Polyacrylic acid (PAA) is a non-toxic, biocompatible, and biodegradable polymer that gained lots of interest in

recent years. PAA nano-derivatives can be obtained by chemical modification of carboxyl groups with superior

chemical properties in comparison to unmodified PAA.

polyacrylic acid (PAA)  synthesize  polymerizations

1. Nanofibers

Nanofibers (NFs) have gained a particular interest owing to their unique physical and structural properties, i.e.,

large surface area, increased porosity, small pore size and fiber diameter, increased flexibility during

functionalization of the surface . Additionally, these possess high liquid or air permeability and rapid internal

surfaces and form strong hydrogen bonds. Garza et al.  fabricated the nanofibers of PAA by subjecting the

solutions of PAA for centrifugal spinning with various concentrations (9 to 14%) and speeds (4000 to 8000× g rpm),

revealing different architectures of PAA nanofibers. When centrifuged at 6000× g rpm with 12 wt %. The average

diameter of nanofibers was found 1100 nm when 12 wt % of PAA solution was placed for centrifugally spun at

6000× g rpm while the size was decreased to 900 nm in the case of 8000 rpm with the same concentration

suggested the evaporation of the solvent in the fast spin rate resulting stretching of the nanofibers. The smallest

diameter was found in the case of 9 wt %, which suggested that lower concentration led to smaller fiber average

diameter, Figure 1a–c. PAA/PVA (in various molar ratios) electrospun nanofibers were stabilized by thermal

crosslinking at 140 °C. The average diameter was found 309 ± 87 nm, 340 ± 83 nm, 290 ± 61 nm, and 221 ± 45

nm, for the molar ratios of 19.81, 35.65, 55.45 and 83.17, respectively for PAA/PVA . This decrease resulted from

the increment of conductivity and decrement of viscosity with increasing the PAA ratio. Eventually, the membranes

maintained their fiber-based morphology joining at their points of contact after water immersion unveiled the porous

architecture of PAA .
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Figure 1. Diameter distribution and SEM micrographs of nanofibers of PAA (a) concentration of 12 wt% PAA and

speed of 6000 rpm, (b) concentration of 12 wt% PAA concentration and speed of 8000 rpm, and (c) concentration

of 9 wt% PAA concentration and speed of 4000 rpm. The SEM micrographs were taken at various magnifications:

(a1,b1) 600×, (c1) 300×, (a2,b2) 7000×, and (c2) 15,000×. (Reprinted from Ref.  with permission).

2. Nanoparticles

Nanoparticles are materials with overall dimensions in the nanoscale, ie, under 200 nm. In recent years, these

materials have emerged as important players in modern medicine, with clinical applications ranging from contrast

agents in imaging to carriers for drug and gene delivery into tumors . Nanoparticles of PAA have been extensively

studied in biomedical applications such as drug delivery due to the unique capability to deliver drugs, genes, and

proteins via the peroral route. The thiolated PAA nanoparticles were developed by Greindl et al. , whose

architecture was covalently crosslinked via disulfide bonds. The cross-linkage of PAA with 2,2′-

(ethylenedioxy)bis(ethylamine) (EDBEA) showed spherical morphology and 20–80 nm-sized nanoparticles , while

the PAA-PS-Ag composite nanoparticles revealed spherical morphology with 3 ± 1.2 nm sized particles . The

exact morphology was obtained by Müller et al.  with a mean diameter <200 nm. The human fibrinogen binding

kinetics depended on the size of negatively charged PAA/Au nanoparticles. The larger nanoparticles revealed

binding with fibrinogen with a slower dissociation rate and increasing affinity. When the size of nanoparticles was 7

nm, the two nanoparticles were accommodated by each fibrinogen molecule, but when the size increased up to 10

nm, only one was adapted. The size increments up to 10–12 nm changes from one site to the two-site binding. The
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bound nanoparticles felt more coulombic repulsion when the diameter was increased. Due to the flexibility of both

binding sites, one nanoparticle with a sufficient diameter (15–17 nm) was also found enough for the interaction of

fibrinogen. Hence, more than 12 nm, multiple protein molecules were found, Figure 2i . PAA-coated iron oxide

nanoparticles showed two types of molar mass (1800 and 5000) due to the different architecture of PAA chains,

which influenced the molar mass. The magnetic diameter of these nanoparticles was found in between 7.3 to 11.9

nm . The architecture of nanoparticles of PAA-chitosan (CS) was dependent on the synthesis and pH of the

synthetic medium. The nanoparticles at 4.5 pH (acetic buffer solution) revealed consistent and solid spherical

particles unveiling PAA-CS nanoparticles’ matrix structure. PH 7.4 showed a dense core bounded by a fuzzy and

diffuse coating 4 (ii). This architecture was due to ionic interaction between negatively charged PAA and positively

charged CS. The different preparation processes of PAA-CS nanoparticles influenced the architecture of

nanoparticles. When PAA was dropped into a solution of CS, the generation of PAA core occurred, and a

membrane was formed on the PAA core surface resulting in a dark shell and soft-core spherical nanoparticles. On

the other hand, When the CS solution was dropped in the PAA solution, the core of CS and membrane of PAA-CS

were formed. There were no cavities formed in PAA-CS because of the not swelling of CS in acidic medium,

Figure 2iii. These all structures were created due to the construction of samples, conditions of staining, etc. .

The PAA magnetic nanoparticles possessed uniform particles morphology with a 9.2 ± 2.6 nm average diameter

while a hydrodynamic diameter of 246 ± 11 nm (n = 3) was measured by the dynamic light scattering (DLS)

measurements . The other magnetic nanoparticles of PAA had a 10 nm size and were semispherical in shape

. PAA-coated iron oxide nanoparticles revealed a 10.1 ± 2.4 nm mean particle size. These were stable in water,

and variation in pH or enhancement in ionic strength resulted in aggregation of these nanoparticles in water .

Figure 2. Representation of (i) binding of fibrinogen with PAA/Au nanoparticles (a) Binding of 7 nm nanoparticle to

fibrinogen revealing each protein molecule accommodated two nanoparticles (b) 10–12 nm-sized nanoparticles

prevent the binding of two particles to each fibrinogen due to the flexibility of fibrinogen at E domain of protein

resulting the contact of second binding site with the nanoparticle (c,d) Larger nanoparticles (15–22 nm) can

accommodate multiple fibrinogen molecules due to the larger surface area (ii) TEM of PAA-CS nanoparticles at (a)
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pH = 4.5 and (b) at pH = 7.4. (iii) Morphology of PAA-CS nanoparticles synthesized by the various processes at

4.5: (a) CS dropping into PAA solution; (b) PAA dropping into CS solution, (Reprinted from Refs.  with

permission).

3. Nanocapsules

Nanocapsules have been the most extensively studied for functional compounds delivery . Nanocapsule

possesses a large inner cavity which helps in the high loading of drugs and sustained release of drugs due to its

capsule-like structure . The hollow tailor-made 100 nm nanocapsules of PAA/CS were fabricated for antibiotic

therapy by Belbekhouche et al. . Nanocapsules of PAA-N-isopropylacrylamide (PNIPAm) hydrogel are

presented in Figure 3i suggests the polymerization and crosslinking of PAA with PNIPAm to form the nanocapsule

architecture and unveiled the round shape morphology (135 nm) for PAA-hydroxypropylcellulose (HPC) template

particles. At the same time, the figure was seen in the 1st step above. After crosslinking with PNIPAm, the core

(dark) shell (dusky) structure was seen, increasing the size to 230 nm. Even after removing the template, the

particles maintained the spherical morphology with a larger inner cavity and thin shell having 50 ± 12.5 nm

thickness, Figure 3ii . The Nanosphere of PAA/BSA showed the 80 nm diameter while the nanocapsules

revealed the 300–500 nm. These were synthesized using in situ polymerization, swelling, and re-aggregation. The

interior diameter was found 100–200 nm, and glutaraldehyde (GA) cross-linked PAA/BSA nanospheres increased

the stability. After absorbing the water molecules into PAA/BSA/GA also, nanocapsules were also formed.

Microspheres presented the porous shape, and the hollows were small in nanocapsules that suggested that the

architecture of PAA/BSA was fixed by cross-linking agents and reduced its flexibility, Figure 3iii . Nanocapsules

of PAA-b-PAN di-blocks were prepared using PAA macroinitiators using RAFT polymerization. The same

architecture revealed monodisperse and spherical with 30~35 nm hydrodynamic diameter analyzed by dynamic

light scattering and TEM. The aggregation of these nanocapsules was occurred by π-π interaction of the graphite

layers . In situ acrylic acid polymerization was done to obtain liposome nanocapsules coated with PAA with a

mean diameter of 123 ± 21 nm . The core-shell structure for copolymers of PAA was seen in the nanocapsules

of PAA with an average diameter of 70 nm and 10 nm of shell thickness .
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Figure 3. Schematic representation of the (i) synthesis and architecture of PNIPAm-PAA hydrogel capsules (ii)

TEM micrographs of (a) PAA-HPC particles (pH 2.4) (b) PNIPAm-PAA-HPC composites (pH 2.4), (c) PNIPAm-PAA

hydrogel capsules (pH 8.0) and (d) SEM image of PNIPAm-PAA hydrogel capsules after freeze-drying procedure.

(iii) Morphology of nanosphere and nanocapsule of PAA/BSA (a) PAA/BSA, (b) nanocapsule of PAA/BSA, (c)

PAA/BSA/GA, and (d) nanocapsule of PAA/BSA/GA. (Reprinted from Refs.  with permission).

4. Other Structures

Poly (acrylic acid-b-isoprene) cross-linked micelle structures were synthesized using calcium phosphate coating

(20 nm thickness) having 60 ± 9 nm mean diameter, revealing the mineralization near or at surface regions of PAA.

Additionally, nanocages were also formed. These hybrid materials were found stable for numerous months in

water. Even though it aggregated and mineralized with time, there was no change seen in crystallization and

diameter even after eight months (Figure 4a,b) . Spherical microspheres of PAA/PVA of sequential

interpenetrating network crosslinked with GA were obtained via SEM analysis. Figure 4c suggested spherical
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morphology without any agglomerations. A smooth microspheres surface was obtained with no pores, and some

particles were covered with polymeric debris, Figure 4d 

Figure 4. TEM micrographs of (a) cross-linked PAA-b-PI micelles covered with calcium phosphate, (b) PAA

nanocages-Calcium phosphate displaying enhanced levels of aggregation and mineralization (after eight months)

(c) SEM microspheres of PAA without forming agglomerations (spherical) (d) The smooth surface of microspheres

without any pores. (Reprinted from Refs.  with permission).
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