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ABSTRACT 

The paper shows the results of method development identification of colloidal silver nanoparticles on the components 
of the Raman spectra, using the conditions information uncertainty decision to increase the reliability evaluating the 
presence nanoparticles at the surface polyester fibers. 
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1. Introduction 

To provide biomedical, therapeutic and protective pro- 
perties of textile materials using silver nanoparticles is 
necessary to use convergence nano-, bio-, info-, cogni- 
tive science and technology. 

In physical effect used Raman light scattering (SERS) 
[1-3], which is based on plasmon enhancement signal 
components from the Raman spectrum in the presence of 
silver nanoparticles. In addition, the applied polarizing 
effect of the laser beam Raman spectrometer PE fibers 
with silver nanoparticles, which provides additional gain 
of combination of background and fluorescent compo- 
nents of the Raman spectrogram. 

2. Experimental  

To improve the reliability of the control of presence of 
small amounts of colloidal silver nanoparticles on poly- 
ester (PE) fibers used Raman spectrometer, followed by 
separation of the spectral components of informative and 
processing on mathematical models in conditions of in- 
formation uncertainty. 

In the experiment, selected PE fiber to which silver 
nanoparticles were deposited from a colloidal solution of 
silver nanoparticles AgBion—2 (TU 2499-003-44471019- 
2006, concern “Nanoindustry”). Obtained following fiber 
samples: Sample 1—no nanoparticles; sample 2—nano- 

particulate dried in vivo; sample 3—nanoparticulate dried 
in an oven. The measurements were performed with a 
scanning probe microscope (SPM) with a confocal Ra- 
man and fluorescence spectrometer OmegaScope ™ -. 

After the transfer of the digital portion of the Raman 
spectrograms of the program Spekwin32 in Mathcad, 
obtained spectrograms shown in Figure 1. Total of 10 
spectrograms obtained. In order to take into account the 
background fluorescent component, which is present on 
the spectrograms presented should make the mathematic- 
cal modeling of the background components for mini- 
mum data Raman spectrum [4,5]. 

The results of mathematical modeling and background 
components of the initial spectrum given no opportunity 
to highlight only the peaks of fluorescent components 
constituting the Raman spectrum (Figure 1) with the 
values of the parameters: Ei, 0, E1i, 0, E2i, 0, E3i, 0, E4i, 0, 
E5i, 0, E6i, 0, E7i, 0, E8i, 0, E9i, 0 —wave number (frequency) 
and EEi, 1, EE1i, 1, EE2i, 1, EE3i, 1, EE4i, 1, EE5i, 1, EE6i , 1, 
EE7i, 1, EE8i, 1, EE9i, 1 —intensity signals. 

3. Results and Discussions 

We construct a matrix S0-S9 the intensities of all the 
peaks EE-EE9 each spectrogram Figures 1(a)-(m) (se- 
cond columns of the matrices S0-S9), depending on the 
wave number E-E9 (the first column of S0-S9) and each 
spectrogram Figures 1(a)-(m) and, for example, accord- 
ing to Figure 1(a): the matrix S0 with the first column  *Corresponding author. 

Copyright © 2013 SciRes.                                                                              OJMetal 



V. M. EMELJANOV  ET  AL. 30 

 

5400 5600 5800
0

1000

2000

3000

EEi 1

Ei 0    

5400 5600 5800
0

2000

4000

6000

EE1i 1

E1i 0    

5400 5600 5800
0

2000

4000

6000

8000

EE2i 1

E2i 0  
(a)                                  (b)                               (c) 

5400 5600 5800
0

5000

1 10
4

EE3i 1

E3i 0    
5400 5600 5800
0

2000

4000

6000

8000

EE4i 1

E4i 0    
5400 5600 5800
0

5000

1 10
4

1.5 10
4

EE5i 1

E5i 0  
(d)                                   (e)                               (f) 

5400 5600 5800
0

2000

4000

6000

EE6i 1

E6i 0      
5400 5600 5800
0

2000

4000

6000

EE7i 1

E7i 0  
(g)                               (h) 

5400 5600 5800
0

2000

4000

6000

EE8i 1

E8i 0      

5400 5600 5800
0

5000

1 10
4

EE9i 1

E9i 0  
(k)                              (m) 

Figure 1. Spektrogram PE fibers without the background of fluorescent components: (a, b, c): Spectrogram PE fibers with- 
out silver nanoparticles; (d, e, f, g): Spectrogram PE fibers with silver nanoparticles deposited dried in natural conditions; (h, 
k, m): Spectrogram PE fibers deposited silver nanoparticles, dried in an oven. 
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Ei, 0 and the second column EEi, 1; and according to Fig- 
ure 1(b): the matrix S1 with the first column E1i, 0 and 
the second column EE1i, 1, according to Figure 1(c): ma- 
trix S2 with the first column E2i, 0 and a second column 
EE2i, 1 and so on: 

S0

5401.9

5505.8

5575.4

5650

5712.5

5820.8

5859.6
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434.9

689.4
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S4
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S5

5400.9

5504.8

5574.5

5648.7

5712.1

5819.5

5857.8

893.8

1439.1

2600.0

1520.0

3415.1

12539.0

5974.6





















  

S6

5401.4

5505.8

5575.4

5650.0

5712.5

5820.4

5859.1

527.4

815.7

1288.3

832.5

1517.8

5348.3

2681.3























 

S7

5400.9

5505.8

5574.5

5650.0

5712.1

5819.9

5857.7

1036.4

1580.3

1284.5

653.7

1014.5

4039.8

2196.0






















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From Figure 1 and matrix S0-S9 shows the maximum 
peak intensity E5i,0 = 5820 cm−1 is observed in the spec- 
trum of the fiber with silver nanoparticles dried in vivo. 
The intensity of the peak E5i,0 = 5819.5 cm−1 in said sam- 
ple is S55,1 = 12539 that 4.65 times the peak Ei,0 = 5820.8 
cm−1 range of the fiber without silver nanoparticles S05,1 = 
2685.8. 

To eliminate uncertainty and identify patterns in the 
distribution of the parameters of the spectrograms spec- 
trograms were ranked by the intensity of the peaks for 
the determination of the maximum, minimum and inter- 
mediate values of all the components of each of spectro- 
gram peaks in the set of spectrograms fibers separately 
for fibers without nanoparticles (S0, S1, S2), with the 
nanoparticles in drying in vivo (S3, S4, S5, S6) and dried 
in oven (S7, S8, S9). 

In the set of spectrograms fibers without nanoparticles 
S0, S1, S2 identified by rating (1) 

        
 

1 10 : mean 0 , 2 : mean 2 , 1: mean 1 ,

0 965.857; 2 2301.371; 1 1635.9 1

m S m S m S

m m m

  

  

1

 

spectrogram fibers without nanoparticles: a minimum 
intensity peaks S0, with maximum intensity peaks S2 and 
intermediate intensity peaks S1. 

For a variety of spectrograms fiber S3, S4, S5, S6 re- 
vealed Assessment (2) 

     

     
 

1 1

1 1

6 : mean 6 , 5 : mean 5 ,

6 1858.757; 5 4054.514;

3 : mean 3 , 4 : mean 4 ,

3 3170.143; 4 2057.014; 2

m S m S

m m

m S m S

m m

 

 

 

 

 

spectrogram fibers nanoparticles: a minimum intensity 
peaks S6, with maximum intensity peaks S5 and inter- 
mediate intensity peaks S4 and S3. 

In the spectrograms fibers nanoparticles S7, S8, S9 
identified assessment (3) 

        
 

1 17 : mean 7 , 9 : mean 9 , 8 : mean 8

7 1686.457; 9 3305.371; 8 1549.129 3

m S m S m S

m m m

  

  

1

 

spectrogram fibers with nanoparticles: a minimum inten- 
sity peaks S8, with the maximum intensity peaks S9 and 
with intermediate intensity peaks S7. 

Figure 2 shows the spectrogram PE fibers with and 
without silver nanoparticles at different drying conditions 
with the combination of the samples peaks at minimum, 
maximum, and intermediate values of the peak intensi- 
ties. 

A pooled analysis of the results of modeling estimates 
(1-3) has shown that there is a significant difference in 
the intensities of the peaks of the spectrograms of PE 
fibers coated with silver nanoparticles and uncoated na- 
noparticles. 
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Figure 2. Ranged spectrogram largest intensities of all the peaks: (a): Spectrogram PE fibers with the lowest va- 
lues of the peak intensities: S0 without nanoparticles and silver nanoparticles, S6 and S7; (b): Spectrogram PE 
fibers with maximum values of peak intensities: S2 without nanoparticles and silver nanoparticles, S5 and S9; (c): 
Spectrogram PE fibers with intermediate values of the peak intensities: not S1 nanoparticles and silver nanopar- 
ticles in vivo dried S3 and oven S8. 
 

Thus the spectrograms with minimum values of all the 
peaks S0, S6, S7 in Figure 2(a) clearly differs spectrum 
S0 fibers without silver nanoparticles having minimum 
peaks compared to spectrograms S6, S7 fibers with silver 
nanoparticles. 

In the spectrograms with the highest values of all 
peaks S2, S5, S9 Figure 2(b) also clearly differs spec- 

mum peaks compared to spectrograms S5, S9 fibers with 
silver nanoparticles. 

For spectrograms 

trum S2 fibers without silver nanoparticles having mini- 

with intermediate values of all the 
pe

This is illustrated by mathematical modeling parame- 

aks S1, S3, S8 in Figure 2(c) also clearly differ spec- 
trum S1 fibers without silver nanoparticles having mini- 
mum peaks compared to spectrograms S3, S8 fibers with 
silver nanoparticles. 
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