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In a number of fields, the use of polymers, suitable because of their interesting properties such 
as low density, easy manipulation, low temperature processing is hampered by high resistivity 
and poor thermal conductivity. 

The use of electrically and/or thermally conducting fillers is a way to overcome such 
limitations and eventually lead to new field of applications for polymers. Nano-fillers, as they 
can be dispersed at the nanoscale can lead to a more homogeneous composite. In addition 
quasi 1-d fillers can either lead to an isotropic or anisotropic variation of the properties.  

Carbon nanotubes are among the most interesting anisotropic conductive nano-fillers 
and have also a density not too exceeding that of polymers. In this talk we will focus on the 
impact CNTs addition has on the electrical properties of polymers.  

We will the issue from several point of views, including (i) hints for CNT selections, (ii) 
experimental results on 14 different types of CNTs and (iii) simulation of the impact of CNT 
content on electrical conductivity variation. 
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In this work we present the analysis of peculiarities of Coulomb explosion in some 
nanoclusters caused by significant role of surface atoms. Multiple ionizations of clusters 
induced by Auger-cascade process cause them to become unstable, resulting in high-energy 
rapid dissociation or explosion. If the kinetic energy gained by ions due to electrostatic 
repulsion between the atoms is greater than he binding energy between the atoms, the atoms 
are rapidly separated from each other. It was established in recent experiments [1] that the 
minimum number of atoms, N required for a cluster of charge Q to be stable, depends on the 
type of atoms and the nature of the bonding between the atoms in cluster. The smallest size 
that is stable for doubly charged clusters also depends on type of atoms and molecules and the 
larger clusters are more readily stabilized at higher degrees of ionizations.  

Consider size dependent tolerance of clusters to Coulombic explosion on the basis of 
the potentials describing the ground state of atoms in cluster and their excited multi ionized 
states [2]. There is a critical distance ( R) between ions from their equilibrium distance at 
which the kinetic energy gained from repulsive interaction between ions equals to the 
dissociation energy that is  



)()()()( RRURURRUU oexoexogrgr                                            (1) 

If the distance between ions is greater than the critical one then the kinetic energy of 
ions will be greater than bond energy and the cluster will be fragmented. To explain the 
experimental facts on fragmentation of clusters we consider as ground state the potential 
Morse [3] which has the following value 
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Here D is the dissociation energy in nanoclusters (atomization energy), a is the 
coefficient characterized the 'width' of the potential. Then the condition of finding the critical 
distance for fragmentation is defined by the following expression 
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Now we recall that application of classical droplet model to nanoclusters atomization 
energy (cohesion energy for bulk objects) [4] results in the following dependence of cluster 
atomization energy on number of atoms in cluster 

3/1NDDD surbulk                                                            (4) 
Here bulkD is the cohesion energy of bulk materials, surD is the reduced atomization 

energy of surface atoms. If we put the expression (4) into the (3) we receive the following 
formula for finding the smallest number of atoms which are stable 
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The experimental data on the minimum number of stable clusters for different atoms are 
easily explained on the base of the expression (5). It is clearly seen from the expression (5) 
that at small number of atoms the kinetic energy of ions will be greater the bond energies so 
the small clusters with greater probability will be fragmented. For the same charged clusters 
(with the same Z) to satisfy the condition of cluster stabilization it is necessary that the 
number of atoms in cluster is differed because of various atoms have diverse values of 
parameters ( o

surbulk RaDD ,,,  ). The larger clusters are more readily stabilized at higher 

degrees of ionizations due to the dependence of the degree of ionizations Z on the number of 
atoms in cluster basing on the expression (5). For the same type of cluster the stabilization 
condition for different multiplicity of ionization are satisfied at different number of atoms in 
cluster. With increasing multiplicity the minimal number of atoms in stable cluster increased. 
Thus the classical droplet model primarily proposed in nuclear physics is useful tool for 
explanation many experimental conceptual facts, including the size-dependent fragmentation 
of nanoclusters by Coulombic explosion.  
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Revealing mechanisms of charge carrier transport between nanoparticles in nanostructures [1] is of 
importance in the context of nanoscale physics. Ionizing irradiation of LiF crystal is known to generate 
Frenkel F- H- defect pairs by exciton and electron-hole mechanisms, which at higher doses form 
defect aggregates and Li colloids [2]. Photo- and thermal stimulated luminescence (TSL) was studied 
in irradiated LiF:Mg,Ti crystals in the range of 295 750 K relates with two steps processes: thermal 
dissociation of 3F2  molecules with activation energy Ea=2.2-2.4 eV and very high frequency factor 
1021 1022 s-1, alternated by recombination of their dissociation products (Vc

 , VF and Hi centers) with 
Ea=1.5 eV and 1012 1014 s-1 [2]. Recombination of these centers and their aggregates was also studied 
in the temperature interval of 100-450 0C [3]. However it remained unclear if TSL was accompanied 
by charge carrier transport. Electric conductivity of metal nanoparticles was studied poorly, except Au 
nanoclusters, where partial electron localization occurred due to limitation of the free path [1]. 

This work aims at studying the effect of gamma-irradiation on electric conductivity in ionic LiF 
contaminated with Cu and Br. As we showed earlier, irradiation with 60Co gamma-quanta (~1.25 

103 Gy  6 Gy at 300 K resulted in 
formation of rod-like Li nanocrystals ordered with lattice twins. Electric conductivity was measured at 
direct voltage 25 V at 280 360 K by the classic 3-probe scheme with the guarding electrode, which 
cut current leakage over the sample surface. Temperature dependences of volumetric specific 
conductivity (T) of non-irradiated samples in log-scale is linear with a small bend at 320 K. 

T) of gamma-
T1/2) vs. (1/T)-1/4. The irradiation, not 

T1/2 T) 
dependence fits the power law with Ea ~1 eV and in the case of non-irradiated sample obeys the 

0T-3.77 0 -10 -1 -1 and the value of power corresponds to an average 
number of jumps of charge carriers. Multiphonon character of electron transitions at moving of charge 
carriers along the percolation cluster in disordered matrix results in non-activated (power) temperature 
dependence of conductivity.  

Thus the presence of Li nanoparticles in the irradiated insulating LiF crystal does not change the 
jump character of electric conductivity in this temperature range, but decreases the number of jumps 
maybe due to charge carrier localization at the radiation defect centers. 
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