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OBJECTIVES
• To study the effect of some polymers with different electrical charges, like 
chitosan, alginate, carragennan, polyvinyl pyrrolidone or copolymer maleic
anhidride/styrene, upon physico-chemical properties of nanoparticles
generated in the polymeric phase.

• To calculate the size of nanoparticles by fitting the absorbance data with 
some specific equations from literature.

• To investigate the kinetic growth of nanoparticles with UV-Vis method.

•To study the fluorescence properties of the nanoparticles which depend on 
the nature of capping polymer.

• To synthesize films by dispersing nanoparticles in a polymeric matrix.

• To study the influence of nanoparticles coated with polymers on cultures of 
Vero cells.
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EXPERIMENTAL

Methods

• Confocal laser scanning microscopy (Leica TCS )

• UV-Vis spectroscopy  (VARIAN Cary 100 Bio)

• Fluorescence spectroscopy (FluoroMax-4 HORIBA)

• TEM (JEX 200CX – JEOL)



NANOPARTICLES PREPARATION

Cd(NO3 )2 + Na2S → CdS + 2NaNO3 (1)      

Mechanism

1. Formation of the CdS species:  Cd2+ +  S2- → (CdS)1 (2)
2. Formation of aggregates: (CdS)m + (CdS)n   → (CdS)n+m (m,n ≥ 1) (3)               
3. Growing of particles by addition of Cd2+ and S2- ions:

(CdS)n   +  S2- → (Cdn Sn+1)2- (4)

(CdS)n + Cd2+ → (Cdn+1 Sn)2+ (5)
4. Termination will occur when the particle size becomes comparable to the 

droplet size.

ZnCl2 + Na2S → ZnS + 2NaCl2 (6)



UV-Vis Spectroscopy
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DETERMINATION OF PARTICLE SIZE

Determining the energy of the direct band gap (Eg) [1]
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[1] Y. Wang and N. Herron, J. Phys. Chem., 1991, 95, 525-532
[2] L.E. Brus , J. Chem .Phys, 1984, 80, 4403-4409



RESULTS

λthreshold CdS without = 480 nm          dP calculated = 6.65 nm
λthreshold PVP = 490 nm          dP calculated = 7.46 nm  
λthreshold Carragennan = 495 nm          dP calculated = 7.92 nm
λthreshold CoAMS = 500 nm          dP calculated = 8.41 nm
λthreshold Alginate = 505 nm           dP calculated = 8.92 nm
λthreshold Chitosan = 520 nm           dP calculated = 10.6 nm

λthreshold Alginate_ZnS = 485 nm        dP calculated = 7.01 nm



TEM MICROGRAPHS

CdS without polymer CdS coated with Chitosan



Computed size histograms

0 1 2 3 4 5 6 7 8 9 10
0

10

20

30

40

50

60

70

80

90

100
Fr

eq
ue

nc
y 

(%
)

Particle size (nm)

4 5 6 7 8 9 10 11 12
0

10

20

30

40

50

60

70

Fr
eq

ue
nc

y 
(%

)

Particle size (nm)

CdS without polymer CdS coated with PVP
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Kinetics of growth for CdS nanoparticles
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Fluorescence of the nanoparticles
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NANOSTRUCTURED FILMS

CdS in Chitosan polymeric film

CdS in CoAMS polymeric film



CdS powder in Carragennan polymeric film
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Behavior of Vero cells in presence of the nanoparticles
Viabilitatea celulelor Vero dupa 48 de ore de 

tratament cu p. 45
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a) Vero Cells treated with 1% (w/w) sample containing CdS (CoAMS)   
b) Vero Cells treated with 10% (w/w) sample containing CdS (CoAMS)

a b



Viabilitatea celulelor Vero dupa 48 de ore de 
tratament cu p. 48
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a) Vero Cells treated with 1% (w/w) sample containing CdS (Alginate)   
b) Vero Cells treated with 10% (w/w) sample containing CdS (Alginate)

a b



Viabilitatea celulelor Vero dupa 48 de ore de 
tratament cu p. 50
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a) Vero Cells treated with 1% (w/w) sample containing CdS (PVP)   
b) Vero Cells treated with 10% (w/w) sample containing CdS (PVP)

a b



Viabilitatea celulelor Vero dupa 48 de ore de 
tratament cu p. 62
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a) Vero Cells treated with 1% (w/w) sample containing ZnS (Alginate)   
b) Vero Cells treated with 10% (w/w) sample containing ZnS (Alginate)
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Vero cells cytotoxicity presented comparatively in 24 
and 48 hours, concentration 10 μM
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CONCLUSIONS
● We have elaborated a simple and efficient method for the obtaining semiconductor 

nanoparticles in polymers solution. The used polymers have an important role in 
the size control, the stability and like capping agent of the particles.

● The nanoparticles can exist long time in polymers solution and they can be used for 
the obtaining of films on glass support. The size of nanoparticles was determined 
by fitting the absorbance data with some specific equations from literature.

● The kinetic data from UV-Vis spectra show that the nanoparticles present an initial 
rapid formation, followed by a very slow growth process. The fluorescence 
properties depend on the nature of capping polymer.

● The samples containing  CdS- CoAMS, CdS-Alginate, CdS-PVP, and ZnS-Alginate 
have the best behavior and the lower toxicity accountable to Vero cells.

● The toxicity diminishes up to 10 times by covering with polymer the semiconductor 
nanoparticles, and for the samples containing CdS-CoAMS, CdS-Alginate and 
especially ZnS-Alginate in concentrations of 1x10-5 M, the cell culture resists
more than 24 hours; all these facts are the good premise for imagistic studies. 
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