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Conclusion 

And, of course, I would like to express my sincere 

gratitude and deep appreciation to my teachers, 

outstanding scientists, senior fellows, and colleagues at 

my previous job who have already passed away, to 

Academician A.P. Aleksandrov and Academician, 

Nobel Laureate in physics A.M. Prokhorov, who not 

only explained to me the scale of what I have 

discovered in physics and what to do next, but also 

the peculiarities of my 

future fate: they told me: “Keep in mind, a person 

ahead of his time, waiting for its arrival in 

uncomfortable conditions and remember for life the 

following prophetic words of the great Russian scientist 

V.I. Vernadsky: “The whole history of science at every 

step shows that individuals were more right in their 

statements than entire corporations of scientists or 

hundreds and thousands of researchers adhering to 

prevailing views... Undoubtedly, in our time the most 

true, most correct, and deepest scientific worldview lies 

among some individual scientists or small groups of 

researchers whose opinions do not attract our attention 

or excite our dissatisfaction or denial." These 

instructions allowed me to withstand the blows of 

scientific fate and continue my scientific work. 

In my heart, a memory will always be kept off my 

friend, a wonderful scientist, and just a wise man, PhD 

in Physics & Mathematics - Rumiantsev A. A. 

Finally, I would like to express my heartfelt 

gratitude to PhD in Engineering V.M. Tiutiunnik and 

Candidate of Sciences in Physics and Mathematics 

V.A. Rantsev- Kartinov for the joint work on universal 

industrial modules of disintegrators/activators. 
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EXPERIMENTAL DETERMINATION OF THE THICKNESS OF THE SURFACE LAYER 

IN THE PHYSICS OF NANOSTRUCTURES 
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Abstract. Atomically smooth surfaces of solids, especially semiconductors, are urgently needed to study the 

fundamental nature of surface phenomena. They are also needed in the manufacture of modern semiconductor 

devices. It is believed that only on atomically smooth surfaces can nanostructures be created that undergo crystal 

self-organization during crystal growth. 

In this paper, we consider methods for experimental determination of the thickness of the surface layer, 

surface tension, and the melting temperature of nanostructures of dielectrics, magnetic materials, metals, and 

alloys. 

The X-ray luminescence intensity of dielectrics was determined by the standard photoelectric method. 

Specific magnetization was measured using a vibrating magnetometer. The electrical conductivity of a metal or 

alloy film was determined using a standard three-electrode circuit. 

The use of Patents and utility model descriptions for patents provides simple formulas for calculating or 

experimentally determining the thickness of the surface layer, surface tension and the melting temperature of 
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nanostructures of dielectrics, magnetic materials, metals and alloys. The experimental determination of these 

values will allow you to control the technological processes of obtaining nanomaterials from any materials with 

desired properties. 

Keywords. Surface tension, surface layer thickness, size effect, melting point, nanostructure. 

 

 

Introduction. Atomically smooth surfaces of 

solids, especially semiconductors, are urgently needed 

to study the fundamental nature of surface phenomena 

[1-4]. They are also needed in the manufacture of 

modern semiconductor devices [5]. It is believed that 

only on atomically smooth surfaces can nanostructures 

be created that undergo crystal self-organization during 

crystal growth [6, 7]. The atomic-smooth surfaces of 

solids began to be studied recently because of the rapid 

growth of nanotechnology (see, for example, [8–10]). 

In this post, we consider atomically smooth 

nanostructures based on our works [11, 12], paying 

attention to Patents. 

Description of the model. In [11], the proposed 

model of the surface layer of atomically smooth metals 

is generalized. The surface layer of an atomically 

smooth metal consists of two layers - d(I) and d(II). A 

layer with h = d is called layer (I), and a layer at h≈10d 

is called layer (II) of an atomically smooth crystal. At 

h≈10d, the size dependence of the physical properties 

of the material begins to appear. To determine the 

thickness of the surface layer, we used the size 

dependence of the physical property A(r) [11]: 

𝐴(𝑟) = 𝐴0 ⋅ (1 − d/r), 𝑟 >> d, 𝐴(𝑟) = 𝐴0 ⋅ (1 − d/d + 𝑟), 𝑟 ≤ d.  (1) 

 

The parameter d is related to the surface tension σ 

by the formula: 

𝑑 = 2σ𝜐/RT. (2) 

Here σ is the surface tension of a massive sample; 

υ is the volume of one mole; R is the gas constant; T is 

the temperature. It was shown in [11] that, to within 

3%,: 

 𝜎 = 0,7 ⋅ 10−3 ⋅ 𝑇𝑚,  (3) 

where Tm is the melting point of a solid (K). The 

ratio holds for all metals and for crystalline compounds. 

At T = Tm, we obtain: 

𝑑(𝐼) = 0,17 ⋅ 10−3𝜐.  (4) 

Equation (4) shows that the thickness of the 

surface layer d (I) is determined by one fundamental 

parameter - the molar (atomic) volume of the element 

(υ = M/ρ, M is the molar mass (g/mol), ρ is the density 

(g/cm3). 

For a number of metals, the value of d(I) is 

presented in table. 1.  

The thickness of the surface layer d(I) of pure 

metals at a temperature close to the melting temperature 

ranges from 0.8 nm (Be) to 12.1 (Cs) nm, i.e. refers to 

the nanostructure. This layer thickness can be 

experimentally determined by the method of sliding 

scattering of x-rays in internal reflection. For gold, this 

layer thickness is 1.2 nm at room temperature [13], 

which coincides with thermal expansion with its value 

from the table. 1 - d(I) = 1.7 nm. 

Table 1 

The thickness of the surface layer d(I) of some pure metals (Me) 

Me d(I), nm Me 
d(I), 

nm 
Me d(I), nm Me 

d(I), 

nm 
Me d(I), nm Me d(I), nm 

Li 2,2 Sr 5,9 Sn 2,8 Cd 3,4 Fe 1,2 Gd 3,4 

Na 4,5 Ba 6,6 Pb 3,1 Hg 1,8 Co 1,1 Tb 3,3 

K 7,7 Al 1,6 Se 2,8 Cr 1,2 Ni 1,1 Dy 3,3 

Rb 10,0 Ga 2,0 Te 3,5 Mo 1,8 Ce 3,6 Ho 3,2 

Cs 12,1 In 2,7 Cu 1,2 W 1,6 Pr 3,5 Er 3,2 

Be 0,8 Tl 2,4 Ag 1,7 Mn 1,1 Nd 3,4 Tm 3,1 

Mg 2,4 Si 2,1 Au 1,7 Tc 1,4 Sm 3,4 Yb 4,2 

Ca 4,4 Ge 2,4 Zn 1,6 Re 1,5 Eu 5,0 Lu 3,0 

In the d(I) layer with pure metal atoms, 

reconstruction and relaxation associated with surface 

rearrangement occur [13]. For gold, the lattice constant 

is a = 0.41 nm and the surface is rearranged at a distance 

of three atomic monolayers. 

Determination of the thickness of the surface 

layer, surface tension, and the melting temperature 

of dielectric nanostructures [14–16]. 

The method was used to determine the surface 

tension of dielectric KCl crystals. The X-ray 

luminescence intensity was determined by the standard 

photoelectric method. The dielectric grain size was 

determined using a MIM-8 type metallographic 

microscope. The results are shown in Figure 1.  

In the coordinates A(r) = I ~ 1/r, the experimental 

curve is straightened in accordance with (1), giving a 

value of d = 6.4 nm. For KCl, υ = 37.63 cm3 / mol and 

from (2) for surface tension it was obtained: σ = 0.734 

J/m2. A value of d = 6.4 nm gives us a thickness of d(I). 

Substituting the parameter d into formula (1) and taking 

the value of T0 from the reference book, we determine 

the melting temperature of KCl nanoparticles. The 

results for KCl nanoparticles of various radii are given 

in table. 1. Particles r = 1 nm of potassium chloride are 

unstable at room temperature (300 K). Using the 

claimed method will allow to control the technological 

processes of obtaining dielectric materials of micro - 

and nanoelectronics with desired properties and 

products from them. 
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Figure 1 - Dependence of the intensity of X-ray luminescence KCl on the grain size of the phosphor  

Table 1 - Melting point of KCl nanoparticles 

 

dielectric Т0, К d, nm 
Т(r), К 

r = 1 nm 

Т(r), К 

r = 10 nm 

Т(r), К 

r = 50 nm 

KCl 1043 6,4 208,6 745,0 965,7 

 

Determination of the thickness of the surface 

layer and the surface tension of magnetic 

nanostructures [17, 18]. In this case, the measured 

surface tangent of the magnetic susceptibility of the 

magnetic material versus the inverse radius of its 

particles calculates its surface tension. The dependence 

of the magnetic susceptibility of the magnetic material 

on the particle size is also described by formulas (1) and 

(2). The constructed dependence in the coordinates 

A(r)=æ (is the inverse radius of particles, magnetic 

material), we obtain a straight line, the tangent of the 

angle of inclination, which determines d, and the 

surface tension of the magnetic material (σ) is 

calculated by formula (2). The method was used to 

determine the surface tension of magnetites of the 

Sokolovsky deposits. Specific magnetization was 

measured using a vibrating magnetometer. The grain 

size of magnetite was determined using a 

metallographic microscope. The results are shown in 

fig. 2. In coordinates æ, the experimental curve is 

straightened in accordance with formula (1), giving a 

value of d=0.36 μm. For magnetite υ=44.5 cm3/mol, 

and from relation (2) for surface tension it was 

obtained: σ=10.1 103 erg/cm. 

 

  
Figure 2 Relative magnetic permeability versus radius (a) and inverse radius (b) of magnetite particles  
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Calculations using the formulas of the theory of 

magnetism using experimental values of saturation 

magnetization yielded a value of σ = 10.1 103 erg/cm, 

which practically coincides with the above. The 

formulas of the theory of magnetism, however, are 

applicable for a limited number of materials, while the 

proposed method allows one to determine σ 

experimentally for any magnetic minerals. 

Determination of the thickness of the surface 

layer and the melting temperature of 

nanostructures of metals and alloys [19-21]. 

The dependence of the electrical conductivity σ 

and the dielectric constant ε of the material on the film 

thickness h is also described by a formula of the type 

(1) (Figure 3). The constructed dependence in the 

coordinates A(r) = σ ~ 1/h(1/h is the inverse thickness 

of the metal or alloy film) is a straight line, the slope 

that determines d - the thickness of the surface layer of 

the metal or alloy. The proposed method has no 

analogues and allows you to determine the most 

important characteristic of metals and alloys - the 

thickness of the surface layer, which determines the 

operational properties of metals and alloys and 

products from them, allows you to purposefully create 

new structural materials. 

 

 
Figure 3 - Generalized dependence of electrical conductivity on the size of a small particle  

 

The method was used to determine the thickness 

of the surface layer of metals: copper, zinc, aluminum, 

tin, lead, gold, silver and alloys: 10% copper-90% tin. 

20% zinc-80% aluminum, 15% tin- 85% lead. 

A metal or alloy film was deposited thermally in 

vacuum on a VUP-5 vacuum unit on a quartz one. Film 

thickness was determined using a JEOL JSM-5910 

microscope. The electrical conductivity of the metal 

film was determined using a standard three-electrode 

circuit, or by the method of [22]. The results of 

determining the thickness of the surface layer are given 

in table. 2.  

The melting point of a nanoparticle of radius R is 

determined by the formula: 

𝑇(𝑅) = 𝑇0 ⋅ (1 −
𝑑

𝑑+𝑅
),   (5) 

where T0 is the melting temperature of a massive 

sample of a metal or alloy, which is experimentally 

determined for all pure metals and for most alloys and 

is presented in numerous reference books. The method 

was used to determine the melting temperature of metal 

nanoparticles: zinc, aluminum, tin, lead, copper, gold, 

silver. Substituting the parameter d from Table 2 into 

formula (5) and taking the value of T0 from the 

directory, we determine the melting point of the metal 

nanoparticles. The results for nanoparticles of various 

radii are given in table. 3. 

Table 2 

The thickness of the surface layer of metals and alloys 

Metal or alloy d, nm Metal or alloy d, nm 

Cu 1,2 Au 1,7 

Zn 1,6 Ag 1,7 

Al 1,6 10 % Cu-90% Sn 2,03 

Sn 2,8 20% Zn-80% Al 2,06 

Pb 3.1 15% Sn- 85% Pb 2,51 

Table 3 

The melting point of pure metal nanoparticles 

Metal Т0, К d, nm 
Т(R), К 

R = 1 nm 

Т(R), К 

R = 10 nm 

Т(R), К 

R = 50 nm 

Zn 693 1,6 277,2 602,6 672,8 

Al 933 1,6 291,6 764,8 933,0 

Sn 505 2,8 168,3 420,8 485,6 

Pb 600 3,1 166,7 600,0 600,0 

Cu 1356 1,2 411,0 1102,4 1296,4 

Ag 1234 1,7 301,0 942,0 1162,0 

Au 1336 1,7 310,7 1004,5 1253,3 
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In the widely known and often cited paper [23], an 

experimental value of the melting temperature of 305–

310 K was obtained for gold nanoparticles 1 nm in size, 

which practically coincides with our value. This is in 

favor of the proposed method for determining the 

melting temperature of nanoparticles. 

Using the claimed method will allow to control the 

technological processes of obtaining nanomaterials 

from metals and alloys with desired properties. 

Conclusion 

The use of Patents and the utility model 

descriptions for a patent [14-21] provides simple 

formulas for calculating or experimentally determining 

the thickness of the surface layer, surface tension and 

the melting temperature of nanostructures of 

dielectrics, magnetic materials, metals and alloys. The 

experimental determination of these values will allow 

you to control the technological processes of obtaining 

nanomaterials from any materials with desired 

properties. Further research prospects relate to the 

study of physical and chemical processes in 

nanostructures of various compositions. 

The work was carried out under the program 

of the Ministry of Education and Science of the 

Republic of Kazakhstan. Grants No. 0118РК000063 

and No. Ф.0781. 
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