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A B S T R A C T

by changing both the concentration of oleic acid and the residence time 0  in the organic phase. We synthesized silver nanoparticles 

DTA curves indicate the chemical nature of bond ligand in the secondary shell.This conclusion supported by quantum 
In the EPR 

Keywords:

Introduction

Silver nanoparticles is one of the important 

optical devices, cosmetics, in the pharmaceutical 

have unique physicochemical, biological properties 
that are associated with an increased ratio of surface 

area to volume. In this regard, it is necessary 
to determine the physicochemical properties of 

chemical, physical and catalytic activity.

fundamental properties, such as size, charge, 
chemical reactivity and ability of nanoparticles to 
disperse in various media.  Owing to high aspect 
ratio, metal nanoparticles tend to agglomeration, 

to loss of valuable properties inherent to building 
of blocks.  Chemisorption of organic ligand shell 
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shell interactions as well as on ligands molecules 
interaction in primary and secondary layers of the 

Experimental

The reagents 

range of 400–4000 cm  with the resolution of 0.5 
cm
technique. Size, shape and chemical composition 

samples are prepared by placing small drops of a 

 thermal 

energies calculated from OA transformation 
during the thermal decomposition, using Ozawa 

following conditions: amplitude modulation 10.0 
G, modulation frequency 100 kHz, averaged scans 

following conditions: amplitude modulation 10.0 
G, modulation frequency 100 kHz, averaged scans 

power 0.6325 mW.

nanocomposites was evaluated by atomic absorption 
analysis using a HITACHI TM 3000, detector SDD 

Preparation of sols of AgNPs.  Sols of silver 

cathode, which upon rotation crosses immiscible 
3

ions formed at the anode to discharge at the cathode 

at sites favorable for silver adatoms and inhibits the 

amphiphile OA molecules which are easily washed 

changing both the concentration of oleic acid and 
the residence time 0

allows the amphiphile surfactants to adsorb from 
the organic phase. The results of measuring the size 
of silver nanoparticles using the DLS method are 

Sample
Mass content, %

C O Ag
11.8 3.6 84.6
12.8 3.9 83.3

Table 1.
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assembles of spherical silver NPs Ag&0.25%OA by 

determined from DLS method is aveZ =15.62 nm, 
PdI= 0.15 and aveZ

FT-IR spectroscopy. The chemical bonding 

OA solutions are characterized by appearance of 
two new bounds at 1639 and 1509 cm
which are typical for the asymmetric and symmetric 

the evidence of OA bidentate bonding to silver via 

is appearance of a new peak at 1708.6cm  that is 

Concentration OA(%) Z-Average (d.nm) PdI  o  (sec) 

0.25 15.62 0.15        45 
0.50 14.95 0.14        42 
0.75 15.74       0.14        39 
1.00 16.96    0.24        36 

Table.2.

 
a b 

 

a 

b 

Fig. 1.

Fig. 2.
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TGA and DTA measurements data. The 
application of dynamic TG methods holds great 
promise as a tool for unraveling the mechanisms of 
physical and chemical processes occurred during 

of silver nanoparticles capped with oleic acid 
ligand. TGA and DTA curves of Ag&0.25%OA and 
Ag&0.75%OA samples are measured at heating rate 

TGA patterns in diluted OA solutions are 
characterized by one step mass loss (3.81%) curve. 
DTA curve measured under the same conditions 
displays exothermic peak at 287.9 0C. Corresponding 
enthalpy is 96.4 J/g. Contrary to these data, TGA 
curves measured in OA rich solutions display two 
step mass loss 9.35 % (50 – 340 0C) and 21.89 % 
(340-600 0C). Corresponding DTA curve displays 
two exothermic peaks at 276.3 and 376.5 0 . 
Calculated enthalpies are 44.22 J/g and 43.77 J/g.   
Thermodesorption aE  values have been calculated 

According to this method:
  

heating rate, T – temperature, R =  8.31J/mol·K. 
Thermodesorption  activation energies 
calculated by OFW method (Equation 1) as 
a function of the conversion  degree  (Fig. 4). 
Sharp increase in aE observed at low mass 
losses in concentrated solution indicates the 
change of desorption mechanism in bilayer 
system.

The calculation of the coating of nanoparticles 
with OA was calculated according to equation 3. 

where N is the number of oleic acid ligands per 
3  is the density of the silver, 

r= 7.2nm is the average radius of the Ag&0.25%OA 

AN  23  mol , is 

the molecular weight of oleic acid.
The number of ligands was calculated for 

Ag&0.25%OA N=1385. Assuming that the surface 
of the NPs is covered with a close packed monolayer 
of the surfactant, the surface area S occupied by the 
oleic acid ligand  A indicates the ratio of the total 
surface area of the particle to the number of oleic 
acid ligands A=0.46nm2. Considering the fact that 
the area of one molecule of oleic acid S=0.21nm2, 
percentage of silver nanoparticle surface coating 
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Fig. 5.

 

with oleic acid molecules is 45%.
Quantum-chemical simulation. Molecular 

models of free and adsorbed oleic acid at silver NPs 

potential at silver surface indicating charge transfer 

         Formation of a secondary layer in solutions 

potential at silver.  
According to quantum, chemical calculations of 

chemisorbed OA   silver ligand interaction resulted 

monolayer and bilayer OA are U1
U2

Discussion

cores have been conducted by means of TEM, DLS, 

the driving force formation of chemisorbed ligand 

1708cm

that at high OA concentration Ag NPs are capped 
by adsorbed ligand bilayers. Contrary to widely 
accepted concept on physical nature of ligands, 

enthalpies calculated from DTA curves indicates 
the chemical nature of bonding. This conclusion 
supported by quantum chemical simulation leads 
to the model of formation C=C double bonds as 

primary and secondary layers. Inversion of the 
secondary OA layer apparently originated from 

atoms.  Finally, this leads to formation of branching 
ligand network. The other important conclusion on 
the mechanism of ligand chemisorption is followed 
from variation of thermodesorption activation 

widely accepted that formation of ligand primary 
adsorbed layer follows Langmuir low, which 

predicts independence of adsorption energy from 

sharp disagreement with these assumptions. In 
contradiction to Langmuir adsorption model the 

thermodesorption activation energy with variation 
in a number of adsorbed OA molecules in a primary 
shell. To interpret activation energy patterns we have 
to account for the fact that nanoparticles surface 
formed under highly nonequilibrium conditions due 

inhomogeneity resulting in increase of adsorption 

Ea.
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a 
as OA molecules desorbed from sites with higher 
adsorption energy and simultaneous variation in 

EPR. 

wide asymmetric signal with several resonant lines 

of individual paramagnetic centers, so in the EPR 
spectra we observe not one line, but the envelope 

other parameters. The presence of nanoparticles of 

The inevitable absence of a regular periodic 

pp 
of several hundred Gauss are caused by collective 

broadening can be attributed to Korringa interaction 

with an average 

signal can also be associated with some localized 

case Ag&0.25%OA sols with the one layer of oleic 

the broad line becomes more intense with a changing 
environment due to decrease in the “shielding” of 
the nanoparticles between themselves. In addition, 
the nanoscale particles are closely located to each 

between them intensify, which also could be leads 
to an additional line broadening.

0

It is important to note that a change in the oleic 

bilayer of oleic acid, both small particles and larger 
multidomain agglomerates are found. So, the narrow 

refers to the spin resonance of conduction electrons 

broadened several times. This resonance line arises 

a b 

Fig. 6.
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The inevitable absence of a regular periodic 

pp 
of several hundred Gauss are caused by collective 

broadening can be attributed to Korringa interaction 

with an average 

signal can also be associated with some localized 

case Ag&0.25%OA sols with the one layer of oleic 

the broad line becomes more intense with a changing 
environment due to decrease in the “shielding” of 
the nanoparticles between themselves. In addition, 
the nanoscale particles are closely located to each 

between them intensify, which also could be leads 
to an additional line broadening.

0

It is important to note that a change in the oleic 

formed. Thus, in the sols, when passing from 

particles and larger multidomain agglomerates 

region of the 

cubic cells in nanoparticles with internal magnetic 

broadened several times. This resonance line arises 

where spins are oriented along the direction of the 

Conclusion

of chemically bonded ligand molecules. This 
conclusion supported by quantum chemical 
simulation which leads to the model of formation 
C=C double bonds resulting from coupling of 

layers. Desorption activation energy patterns 

with widely accepted Langmuir adsorption model. 

accounting for energetic inhomogeneity of metal 
nanoparticle surface is proposed. In the EPR 

signal with several resonant lines is recorded, 

nanoparticles. It is important to note that a change 
in the oleic acid layers of the nanoparticles seems to 

being formed. The presence of the FMR resonance 
line in Ag&0.75%OA may indicates the presence 
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