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ABSTRACT: In this paper we report upon the preparation and characterization of electrospun nanofibers 
of doped polyaniline (PANI)/poly(methyl methacrylate) PANI-PMMA/AgNO3 by electrospinning 
technique. At first, Doped polyaniline (PANI) was obtained by the polymerization of aniline using chemical 
oxidative polymerization in the presence of ammonium peroxydisulfate (APS). The doped PANI was 
dedoped by ammonia solution. Then, the electrospinning method was applied on the solutions involving 
PANI-PMMA, PANI-PMMA-AgNO3. The as-prepared PANI-PMMA and PANI-PMMA-AgNO3 composite 
nanofibers were investigated for structural characterizations by means of SEM, FTIR and UV-VIS. SEM 
technique was used to investigate the morphology of the accumulated fibers or particles on the Al 
surface collector. SEM revealed the nanofibers with the diameter Micro to nanofibers formed a non-
woven material with highly porous and agglomerated structure. The presence of Ag in the case of Ag 
containing composite nanofibers was confirmed by EDAX. 
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Electrospinning is an interesting process for produc-
ing non-woven fibers with the average diameters in the 
range of micro-to nanometers while traditional melts 
spun fibers range in a diameter of about 5 to 200 µm 
[1,2]. Electrospinning is a unique, simple, low-cost 
and effective approach not only for the preparation of 
polymer nanofibers [3] but also for the ceramic oxide 
materials [4] and the composite nanofibers involving 
metals and metal oxides [5-12]. In this process, con-

tinuous filaments drown from a polymer solution or a 
melt through a spinneret by high electrostatic forces to 
deposit it on a grounded-metal collective screen [13]. 
Electrospinning of a variety of synthetic as well as 
natural polymer fibers for different applications have 
also been reported in the literature [14]. A search in 
the literature indicated that different polymers such as 
chitosan, dextral, polyacrylonitrile, polyvinyl alcohol, 
poly(methyl methacrylate), polystyrene, polycaprolac-
tone, poly(vinyl pyrrolidone), biodegradable poly(L-
lactide), nylon 6 and  cellulose acetate [2-12] do elec-
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trospinning as well as different conducting polymers.
Polyaniline (PANI) is one of the most conductive 

polymers that have been used in many electronic, op-
tical and electrochemical applications, due to its low 
cost, good environmental stability, redox reversibility, 
and electrical conductivity [15,16]. However, process-
ing PANI into nanofibers by using the electrospinning 
is a challenge, mainly due to its rigid backbone that 
is related to its high degree of aromaticity making the 
elastic properties of the solution insufficient for elec-
trospinning [17,18]. In this regard, non-conductive 
hosting polymers such as poly(methyl methacrylate) 
(PMMA), is blended to assist polyaniline to form 
composite fibers [19,20]. Consequently, the nanofi-
bers of PANI have garnered much interest because 
of their properties as candidates for chemical sensors 
[21], light-emitting and electronic devices [22]. Yet, 
some disadvantages such as poor mechanical proper-
ties do exist, although combining PANI with carbon 
materials reinforces its stability and enhances some of 
its properties, such as capacitance [23,24]. A literature 
survey indicates that limited research studies on the 
preparation of PANI and PANI composite fibers have 
been reported [25]. The objectives of this study were 
to identify and detail the primary materials and pro-
cess factors necessary to produce PMMA-PANI and 
PMMA-PANI-AgNO3 composite nanofibers using the 
electrospinning process. In this work, we have chosen 
PMMA as a known soluble polymer in the prepara-
tion of electrospun fibers to prepare PANI containing 
fibers. Accordingly, we wish to describe the prepara-
tion of PMMA-PANI and PMMA-PANI-AgNO3 com-
posite nanofibers via electrospinning method. Electro-
spinning has attracted a lot of interest as a technique 
that is very simple and inexpensive in the production 
of micro to nanofibers. It provides a potential way to 
fabricate infinite, continuous nanofibers.

EXPERIMENTAL

Materials
1-metyl-2-pyrrolidinone, NMP (99%), chloroform 
99%, dimethyl sulfoxide 99%,  silver nitrate, poly metyl  
metacrylate (PMMA) with an average molecular 
weight (Mw) of about 50000-80000 g/mol were pur-

chased from Merck.

Instrumentation 
IR and UV-Vis spectra were recorded on Perkin Elmer 
Gx and UV (KON) model BIO-TEK 922, respective-
ly. To characterize the morphology of the electrospun 
nanofibers and nanoparticles, the samples were sput-
ter coated with gold and examined at different accel-
erating voltages and Scanning Electron Microscope 
(SEM) images were obtained by a Philips XL-30.

Electrospinnig
The electrospinning set-up consisted of a 20 mL sy-
ringe and an 18-gauge stainless steel needle that 
were positioned horizontally on a clamp. The metal 
electrode and the collector were made of copper and 
aluminum, respectively. Generally, viscose solutions 
were prepared by heating and stirring the appropri-
ate amount of dried dedoped PANI and additives, if 
needed, in solvents. The solutions were transferred 
into hypodermic syringes. Then, appropriate voltages 
were applied between two electrodes, and the webs 
of fibers accumulated on the surface of the aluminum 
foil, which was used as the collector. 

Preparation of PMMA fibers coated with PANI
Initially, Doped polyaniline (PANI) was obtained by 
the polymerization of aniline using chemical oxida-
tive polymerization in the presence of ammonium 
peroxydisulfate [(NH4)2S2O8]. The doped PANI was 
dedoped by ammonia solution that described in the  
literature [14]. Then, 0.50 g PMMA was dissolved in  
2 ml chloroform with stirring for 1 h at 50 °C. Then, 
the viscose solution was transferred to a syringe and 
the electrospinning was performed at 14 kV with  
11 cm distance between two electrodes. In the last 
step, some of PMMA fibers were placed in dedoped 
PANI solution in DMSO. After a few minute they 
were brought out and dried. Putting PMMA fibers in 
PANI solution and bringing them out were performed 
several times.

Preparation of PANI-PMMA fibers
A: 0.50 g PMMA was dissolved in 2 ml chloroform 
with stirring at 50 °C until viscose solution was 
achieved. In another container, 0.01 g dedoped PANI 
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was dissolved in 1 ml NMP with stirring at 50 °C until 
thoroughly was dissolved. Then PMMA solution was 
added to the PANI solution. The obtained mixture was 
continuously stirred until a homogenous solution was 
obtained. The resulting viscose solution was trans-
ferred to a syringe and the electrospinning was per-
formed at 16-17 kV with 11 cm distance between two 
electrodes.
B: 0.50 g PMMA was dissolved in 1ml NMP with  
stirring at 50 °C until viscose solution was achieved. 
In another container, 0.01 g dedoped PANI was dis-
solved in 1ml NMP with stirring at 50 °C until thor-
oughly was dissolved. Then PMMA solution was 
added to the PANI solution. The obtained mixture was 
continuously stirred for 10 min until a homogenous 
solution was obtained. The resulting viscose solution 
was transferred to a syringe and the electrospinning 
was performed at 16-17 kV with 11 cm distance be-
tween two electrodes.

Preparation of PANI-PMMA-AgNO3 fibers
Initially, 0.0132 g silver nitrate was dissolved in 2 ml 
NMP with stirring until completely dissolved. In an-
other container, 0.60 g PMMA was dissolved in 2 ml 
NMP with stirring at 50 °C until thoroughly dissolved. 
Then, 0.2 ml of the former solution was added to the 
later and stirred to get a viscose solution containing 
silver nitrate and PMMA. First, the obtained mixture 
was colorless but after adding silver nitrate solution 
the color was become orange. The last step, 0.01 g de-
doped PANI was dissolved in 1 ml NMP with stirring 
for 1 h at 50 °C and was added to the previous solu-
tion. The mixture was stirred until a homogenous grey 

solution was achieved. The resulting viscose solution 
was transferred to a syringe and the electrospinning 
was performed at 18 kV with a 12 cm distance be-
tween two electrodes.

RESULTS AND DISCUSION 

PMMA fibers coated with PANI
First, the electrospinning of solution containing 
PMMA in chloroform solvent was followed. A large 
diameter fiber was formed that was easily visible. Fig. 
(1) shows the SEM image of PMMA fibers. These fi-
bers are elongated and without knots and their diam-
eter size distribution is in the range of 4.5 to 18 mµ.

The last step, in order to create fibers with polyani-
line coating, electrospun PMMA fibers were placed 
in solution containing PANI. Fig. (2) shows the SEM 
image of PMMA fibers with PANI coating. The di-

Fig. 2. SEM image of electrospun PMMA fibers with PANI layer (The scale bar is 100 µm).

Fig. 1. SEM image of electrospun PMMA fibers in chloroform 
solution (The scale bar is 100 µm).
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ameter of the fibers is estimated in the same range 
as the diameter of the uncoated fibers and it can be 
seen that the PMMA fibers are broken and reduced to 
shorter fibers by being placed in a polyaniline solution 
in DMSO. The surface of the fibers contains particles 
that can indicate polyaniline

Electrospun PANI-PMMA
Aniline was polymerized using chemical oxidative 
polymerization in the presence of ammonium per-
oxydisulfate [(NH4)2S2O8]. Then, doped PANI was 
dedoped by ammonia solution. The FT-IR spectrum of 
dedoped PANI is show in Fig. 3 the characteristic peak 
around 3290 cm-1 arise due to the stretching vibrations 
of N-H, the peaks as about 1594 and 1504 cm-1 are 
absorption of quinone and benzene rings of PANI. 
The peak at 1305 cm-1 is related to the CN stretching 
modes, the peak at 832 cm-1 is attributable to the out-
of-plane bending of C-H [12-14]. UV-Vis spectrum of 

dedoped PANI solution in NMP is shows two absorp-
tion peaks at 320 and 620 nm, which are due to the 
π–π* transition of benzoid rings and the excitation 
absorption of quinoid rings, respectively (Fig. 3) [6]. 

The electrospinning system was first operated on a 
1% dedoped PANI solution in NMP solvent at room 
temperature. Electrospray took place, resulting in the 
spraying of droplets. As the jet accelerated towards 
the cathode and the solvent evaporated, PANI par-
ticles were deposited on the collector cathode. The 
morphology of the PANI particles covered on the 
Al foil is presented in the SEM image (Fig. 4). As 
shown, some micro to nano particles in accompany 
with very limited number of nanofibers. Further ef-
forts by modification of parameters such as needle- Al 
foil distance, voltage and concentration failed to result 
in the preparation of fibers. This might be due to the 
solubility limitation of PANI in NMP and low viscos-
ity of the prepared solution. To remove the problem 
and improve the processability of PANI, an auxiliary 
soluble polymer was considered to be added to im-
prove the viscosity. A literature survey as well as our 
experience on the preparation of PMMA electrospun 
nanofiber directed us to choose PMMA as the second 
component. So, electrospinning was tried on a solu-
tion of a mixture of PANI and PMMA. 
A: To prepare such solution, PMMA and PANI poly-
mers were separately dissolved in choloroform and 
NMP solvents and then mixed together. The electro-
spinning process was applied and fine electrospun fi-
bers were successfully collected on the Al foil. The 
morphology of PMMA-PANI composite nonofibers 

Electrospun PANI-PMMA and PANI-PMMA-AgNO3  ...

(b)
Fig. 3. UV-Vis (a) and FT-IR (b) spectra of dedoped PANI 
solution in NMP.

(a)

Fig. 4. SEM image of PANI particles coated on the Al foil 
(The scale bar is 2 µm).
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was investigated by SEM. The SEM image shown in 
Fig. 5 presents smooth nanofibers with several mil-
limeters length and average diameter in the range of 
about 300-400 nm. The fibers contain some large size 
beads, indicating the resistance of the jet to extension-
al flow. 
B: Electrospinning was performed on a solution of 
PMMA and PANI in NMP. The corresponding SEM 
image is presented in Fig. 6. The SEM image showed 
the PANI-PMMA composite coating on the aluminum 
collector plate, which is seen as particles with holes 
of 1 to 3 µm. Nanometer pores were also seen inside 
these cavities.

Electrospun PVA-PANI-AgNO3  
Addition of AgNO3 salt to the mixture of PMMA-
PANI was performed to investigate the effect of silver 
salt on the electrospinning process and the quality and 
morphology of the collected composite on the Al foil. 
To prepare PMMA-PANI-AgNO3 solution, PMMA 
polymer and PANI/AgNO3 mixture were separately 
dissolved in chloroform and NMP solvents and then 
mixed together. The electrospinning of solution con-
taining PMMA-PANI-AgNO3 was followed. SEM im-
age of PVA-PANI-AgNO3 composite fibers, shown in 
Fig. 6 (a), the fibers are in the form of a spider's nest 
and have large knots that are connected and networked 
through these knots. The fiber diameter is estimated in 
the range of 30 to 60 nm and the fiber diameter distribu-
tion is low. EDAX analysis of PMMA-PANI-AgNO3  
composite nanofibers shown in Fig. 6 (b) dem-
onstrates the presents of Ag in the fibers. 

Figure 5. SEM image of PMMA-PANI composite nanofibers in CHCl3/H2O solvent (a) and in NMP solvent (b).

(b)
Fig. 6. SEM image (a) and EDAX (b) of the PMMA-PANI-
AgNO3 composite nanofibers (The scale bar is 20 µm).

(a)
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Quantitative analysis reported by EDAX is in agree-
ment with the original Ag weight used in the prepara-
tion of composite.  

CONCLUSIONS

Electrospinning of 0.036 M solution of PANI in NMP 
under the experienced conditions results in the forma-
tion of micro to nano particles on the Al collector foil. 
This method might be used to the production of PANI 
film on the surface of some targets using a rotating 
collector. Modification of the PANI solution composi-
tion by the addition of PMMA as an auxiliary poly-
mer altered the electrospinning behavior and resulted 
in the formation of fine composite electrospun fibers. 
When the composition is further modified by the addi-
tion of AgNO3, three-component electrospun compos-
ite fibers is achieved. Modification of parameters such 
as solvent, auxiliary polymer, weight ratio of three 
components and electrospinning conditions are under 
investigation to increase the contributions of PANI 
and silver in the composite nanofibers because of the 
fact that the main goal is the preparation of composite 
nanofibers that could potentially be doped to increase 
the conductivity.  Also, the possible role of Ag+ as 
doping agent and its influence on the conductivity of 
the final composite fibers are the issues of interest that 
are being followed and will be reported.

REFERENCES

[1] Megelski, S., Stephens, J. S., Chase, D. B., & 
Rabolt, J. F. (2002). Micro-and nanostructured 
surface morphology on electrospun polymer fi-
bers. Macromolecule, 35(22), 8456-8466.

[2] Reneker, D. H., & Chun, I. (1996). Nanometre di-
ameter fibres of polymer, produced by electrospin-
ning. Nanotechnol., 7(3), 216-223.

[3] a) Demir, M. M., Yilgor, I., Yilgor, E. E. A., & Er-
man, B. (2002). Electrospinning of polyurethane 
fibers. Polymer, 43(11), 3303-3309. b) Deitzel, J. 
M., Kleinmeyer, J. D., Hirvonen, J. K., & Tan, N. 
B. (2001). Controlled deposition of electrospun 
poly (ethylene oxide) fibers. Polymer, 42(19), 

8163-8170.
[4] Yuh, J., Perez, L., Sigmund, W. M., & Nino, J. C. 

(2007). Electrospinning of complex oxide nano-
fibers. Physica E: Low-dimensional Systems and 
Nanostructures, 37(1-2), 254-259.

[5] Yang, Q. B., Li, D. M., Hong, Y. L., Li, Z. Y., Wang, 
C., Qiu, S. L., & Wei, Y. (2003). Preparation and 
characterization of a PAN nanofibre containing Ag 
nanoparticles via electrospinning. Synthetic Met-
als. Elsevier SA, (137), 973-974. 

[6] Son, W. K., Youk, J. H., & Park, W. H. (2006). An-
timicrobial cellulose acetate nanofibers contain-
ing silver nanoparticles. Carbohydrate Polymers, 
65(4), 430-434.

[7] Xu, X., Yang, Q., Wang, Y., Yu, H., Chen, X., & 
Jing, X. (2006). Biodegradable electrospun poly 
(L-lactide) fibers containing antibacterial silver 
nanoparticles. European polymer journal, 42(9), 
2081-2087.

[8] Li, S., Shao, C., Liu, Y., Tang, S., & Mu, R. (2006). 
Nanofibers and nanoplatelets of MoO3 via an 
electrospinning technique. Journal of Physics and 
Chemistry of Solids, 67(8), 1869-1872.

[9] Shao, C., Guan, H., Liu, Y., Gong, J., Yu, N., & 
Yang, X. (2004). A novel method for making 
ZrO2 nanofibres via an electrospinning technique. 
Journal of Crystal Growth, 267(1-2), 380-384.

[10] Hong, K. H., Park, J. L., Sul, I. H., Youk, J. H., & 
Kang, T. J. (2006). Preparation of polymer nanofi-
bers containing silver nanoparticles by using poly 
(N-vinylpyrrolidone). Journal of Polymer Science 
Part B: Polymer Physics, 44(17), 2468-2474.

[11] Hong, Y., Li, D., Zheng, J., & Zou, G. (2006). In 
situ growth of ZnO nanocrystals from solid elec-
trospun nanofiber matrixes. Langmuir, 22(17), 
7331-7334.

[12] Lu, Y., Yu, M., Drechsler, M., & Ballauff, M. 
(2007, August). Ag nanocomposite particles: 
preparation, characterization and application. In 
Macromolecular symposia 254(1), 97-102. 

[13] Jarusuwannapoom T, Hongrojjanawiwat W, Jit-
jaicham S, Wannatong L, Nithitanakul M, Patta-
maprom C, Koombhongse P, Rangkuoan R & Su-
paphol P. (2005). European polymer journal, (41), 
409-421.  

[14] Deitzel, J. M., Kleinmeyer, J., Harris, D. E. A., & 

M. Shahi



129

Int. J. Bio-Inorg. Hybr. Nanomater., 9(3): 123-129, Autumn 2020

Tan, N. B. (2001). The effect of processing vari-
ables on the morphology of electrospun nanofibers 
and textiles. Polymer, 42(1), 261-272. 

[15] Fong, H., Chun, I., & Reneker, D. H. (1999). 
Beaded nanofibers formed during electrospinning. 
Polymer, 40(16), 4585-4592.

[16] Yang, Q., Li, Z., Hong, Y., Zhao, Y., Qiu, S., 
Wang, C. E., & Wei, Y. (2004). Influence of sol-
vents on the formation of ultrathin uniform poly 
(vinyl pyrrolidone) nanofibers with electrospin-
ning. Journal of Polymer Science Part B: Polymer 
Physics, 42(20), 3721-3726.

[17] Ruiz, J., Gonzalo, B., Dios, J. R., Laza, J. M., 
Vilas, J. L., & León, L. M. (2013). Improving the 
processability of conductive polymers: The case 
of polyaniline. Advances in Polymer Technology, 
32 (1), 180-188.

[18] Zhang, Y., & Rutledge, G. C. (2012). Electrical 
conductivity of electrospun polyaniline and poly-
aniline-blend fibers and mats. Macromolecules, 
45(10), 4238-4246.

[19] Bai, H., & Shi, G. (2007). Gas sensors based on 
conducting polymers. Sensors, 7(3), 267-307.

[20] Fratoddi, I., Venditti, I., Cametti, C., & Russo, M. 
V. (2015). Chemiresistive polyaniline-based gas 

sensors: A mini review. Sensors and Actuators B: 
Chemical, (220), 534-548.

[21] Huang, J., Virji, S., Weiller, B. H., & Kaner, R. 
B. (2003). Polyaniline nanofibers: facile synthe-
sis and chemical sensors. Journal of the American 
Chemical Society, 125(2), 314-315.

[22] Liang, L., Liu, J., Windisch, Jr, C. F., Exarhos, 
G. J., & Lin, Y. (2002). Direct assembly of large 
arrays of oriented conducting polymer nanow-
ires. Angewandte Chemie International Edition, 
41(19), 3665-3668.

[23] Yang, W., Ratinac, K. R., Ringer, S. P., Thordar-
son, P., Gooding, J. J., & Braet, F. (2010). Carbon 
nanomaterials in biosensors: should you use nano-
tubes or graphene. Angewandte Chemie Interna-
tional Edition, 49(12), 2114-2138.

[24] Moayeri, A., & Ajji, A. (2015). Fabrication of 
polyaniline/poly (ethylene oxide)/non-covalently 
functionalized graphene nanofibers via electros-
pinning. Synthetic Metals, (200), 7-15.

[25] Yu, Q. Z., Shi, M. M., Deng, M., Wang, M., & 
Chen, H. Z. (2008). Morphology and conductivity 
of polyaniline sub-micron fibers prepared by elec-
trospinning. Materials Science and Engineering: 
B, 150(1), 70-76.

AUTHOR (S) BIOSKETCHES

Masoumeh Shahi, Assistant Professor, Department of Organic Chemistry, Faculty of Pharmaceutical 
Chemistry, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran, Email: maso0omeh_21@
yahoo.com


