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Goals of STSM
1. Synthesis of hybrid nanofibers functionalized with different types of nanoparticles.
2. Physicochemical characterization of the fabricated nanofibers.

BIOLOGICAL CHARACTERIZATION



STSM Research Plan

Synthesis of hybrid nanofibers functionalized
with nanoparticles - Electrospinning Method

a) PL-b-CL/PVP nanofibers
b) PL-b-CL/PVP+AuNPs nanofibers
c) PL-b-CL/PVP+CdSeNPs nanofibers
d) PL-b-CL/PVP+TaNPs nanofibers

1. 

The physicochemical characterization of nanofibers

a) SEM (Scanning Electron Microscopy)

b) FTIR (Fourier Transform Infrared Spectroscopy)

c) TGA (Thermogravimetric Analysis)

d) DSC (Differential Scanning Calorimetry)

2.



NANOPARTICLES
SYNTHESIS 

IN SITU PVP
(polyvinylpyrrolidone)



NANOPARTICLES  

ANALYSIS

Fig. a) TEM image of CdSe nanoparticles coated with PVP  (scale bar = 100 nm); b) DLS graph of CdSeNPs coated 

with PVP; c) diameter analysis of CdSeNPs coated with PVP. * data based on ImageJ, ** data based on DLS.



Fabrication of nanofibers  

Electrospinning Method

Fig. a) Electrospinning machine used during the synthesis of nanofibers. b) Schematic

representation of simple electrospinning set up with rotating cylinder collector (Nirwan, 2022).

PL-b-CL

weight (g)

PVP 

weight (g)

Ratio

PL-b-CL/PVP

Voltage

(kV)

Flow rate

(ml/hr-1)

Temperature

(ᵒC)

Humidity

(%)

0.85 0.21 4:1 12 1 16 85

Table 2.  The electrospinnig parameters of nanofibers.

a) b)



The physicochemical 
characterization of nanofibers

SEM FTIR TGA DSC



SEM 
Scanning Electron 

Microscopy

d)

Fig. SEM images of fabricated nanofibers: a) PL-b-CL/ PVP b) CdSe NPs in PL-b-CL/PVP 

c) AuNPs in PL-b-CL/PVP  d) TaNPs in PL-b-CL/PVP.

c)

b)a)

➢ cylindrical geometry

➢ rough surfaces



SEM 
Scanning Electron 

Microscopy

Table 3. Diameter analysis of nanofibers.

Sample Mean diameter Standard deviation

PL-b-CL/ PVP 2.12 µm 1.07 µm

CdSe NPs in PL-b-CL/PVP 1.04 µm 0.7 µm

AuNPs in PL-b-CL/PVP 1.03 µm 0.35 µm

TaNPs in PL-b-CL/PVP 1.64 µm 0.2 µm

The inclusion of nanoparticles provided relative stability of the electrospinning process.

The presence of NPs can lead to a change in conductivity, viscosity, surface tension, which can result in a change in 

the size of the diameter.



FTIR
Fourier Transform Infrared Spectroscopy



FTIR
Fourier Transform Infrared 

Spectroscopy

➢ FTIR analysis showed slight changes

between the absorption spectra of the

produced nanofibers.

➢ The occurring peak shifts (vC-C) may

indicate the interaction of PVP-coated

nanoparticles and PL-b-CL/PVP

matrices.

➢ The characteristic fingerprint region of

polymers used for fabrication of

nanofibers, remained unchanged before

and after the inclusion of NPs.

The inclusion of NPs favors weak interactions

between organic and inorganic moieties.



TGA 
Thermogravimetric 

analysis

Sample Onset [ᵒC] End [ᵒC]
Total Weight

Loss [%]

PL-b-CL/ PVP 304 384 98.3

CdSe NPs in PL-b-CL/PVP 280 429 91.6

AuNPs in PL-b-CL/PVP 345 457 95.7

TaNPs in PL-b-CL/PVP 294 389 94.8

Table 4. Data obtained after TGA analysis of nanofibers.

Fig. Thermogravimetric analysis of nanofibers.

➢ The nanofiber samples showed a 3-stage degradation profile, indicating a multicomponent

electrospinning formulation.

➢ Degradation occurred at 280ᵒC, which was the onset degradation temperature

for nanofibers with CdSeNPs.

➢ Fibers containing NPs were characterized by a lower percentage weight loss.

CdSeNPs inside the nanofibers acting as heat spots, 

leading to a lower degradation temperature



DSC
Differential Scanning

Calorimetry

Fig. DSC curve of nanofibers.  t
c

‒crystallization temperature; t
m

‒ melting temperature. 

The inclusion of CdSeNPs into nanofibers matrix, increased

their amorphosity.

The nanofibers with CdSeNPs had a sharp crystallization peak

at 80ᵒC and also had a high melting peak at 166ᵒC.

TGA and DSC analyzes showed that the inclusion of NPs allows to obtain nanofibers with satisfactory thermal stability.



The biological
characterization of nanofibers

BEAS-2B cells (human non-cancerous lung epithelial cells)

A549 cells  (human lung cancer epithelial cells)



Microscopic observations 

of cell growth and 

proliferation in the 

presence of nanofibers

Fig. A549 cells culture after 72h incubation with various types of nanofibers. Untreated

A549 cells were used as control (a). Cells cultured in the presence PL-b-CL/PVP (b),

PL-b-CL /PVP + AuNPs (c), PL-b-CL/PVP + CdSeNPs (d), PL-b-CL/PVP + TaNPs (e). The

culturing was carried out in 6-well plates. The pictures from an optical microscope (x64).

➢ The nanofibers inhibit the growth of BEAS-2B and A549 cells.

➢ PL-b-CL/PVP + CdSeNPs nanofibers clearly inhibit the growth

of BEAS-2B and A549 cells.

Fig. BEAS-2B cells culture after 72h incubation with various types of nanofibers. Untreated

BEAS-2B cells were used as control (a). Cells cultured in the presence PL-b-CL/PVP (b),

PL-b-CL/PVP + AuNPs (c), PL-b-CL/PVP + CdSeNPs (d), PL-b-CL/PVP + TaNPs (e).

The culturing was carried out in 6-well plates. The pictures from an optical microscope (x64).



MTS 
Assessment of nanofibers 

cytotoxicity

Fig. The cell viability of BEAS-2B and A549 cells treated with nanofibers. Untreated cells were used as control. Experiments were performed in triplicate and results are 

presented as percentage of control.

➢ PL-b-CL/PVP + CdSeNPs nanofibers were the most cytotoxic to BEAS-2B

and A549 cells.

➢ PL-b-CL/PVP + CdSeNPs nanofibers reduced the viability of BEAS-2B

and A549 cells to ~ 20%.



toxic to BEAS-2B cells

THE ANTICANCER AGENTS IN THE LOCAL TREATMENT OF CANCER 

(e.g. in photodynamic therapy) 

PL-b-CL/PVP + CdSeNPs nanofibers 

toxic to A549 cells (cancer cells)
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