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To study the atomic structure of melts, we used the analysis of temperature 

and concentration dependences of full and partial structural parameters 

(interatomic distances and coordination numbers). The free volume of the alloys in 

the liquid state within the short range order was calculated using the values of the 

radii of the first and second coordination spheres and the number of atoms 

contained in them. On the basis of computer models of melts, the volume which is 

not occupied by atoms was calculated within the framework of the theory of free 

volume and the hole theory of melts. 

As a result of the study of liquid metals, which are characterized by dense 

packing of atoms in the crystalline state and in a small range of temperatures after 

melting, it was found that the change in main structure parameters is mainly due to 

an increase in the size of the intercluster region, the degree of ordering of which is 

smaller compared to clusters, and the change in free volume within the first two 

coordination spheres is determined mainly by changing the boundaries of the first 

and second coordination spheres without changing the coordination number. 

Analysis of the temperature dependence of the relative free volume of some 

semimetals using computer models of melts indicates that the increase in free 

volume in them is not due to an increase in the radius of the cavities, but due to an 

increase in the number of cavities smaller than the atom. 

The calculation of the free volume based on the temperature dependences of 

the dynamic viscosity coefficient for liquid indium as well as the results of 

calculations of the diffusion and viscosity coefficients for liquid bismuth showed 

good agreement between experimental and calculated results, which indicates the 

reliability of the method used in this work to calculate the free volume. 

For the eutectic systems Sn-Bi and Sn-Pb, it was shown that the dynamics of 

the change in free volume with the temperature of the melts as well as the 

temperature dependences of the structural parameters, indicates the transition from 

cluster to atomic solution. In the case of eutectic systems with a predominant 

content of one of the components, the microhomogeneity of the atomic structure is 
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due to the formation of clusters that form around atoms whose concentration in the 

eutectic is lower. 

Based on the analysis of the temperature dependences of the free volume, it 

is shown that the melts Sn0.962Ag0.038 and Sn0.949Ag0.038Cu0.013 are characterized by a 

lower degree of microhomogeneity compared to the melt Sn0.987Cu0.013. At a 

temperature 200 K above the melting point, clusters based on tin atoms are 

destroyed, as a result of which the structure of the investigated melts becomes 

homogeneous. The free volume within the first and second coordination spheres 

for these melts correlates with their cluster structure. In particular, for Sn0.987Cu0.013 

melts, the free volume has higher free volume values compared to the degenerate 

eutectic Sn0.962Ag0.038 and Sn0.949Ag0.038Cu0.013. 

Analysis of the results obtained by both experimental methods and methods 

of structure reconstruction makes it possible to explain the mechanism of 

formation and transformation of the structure of melts of the Bi100-xZnx system near 

the eutectic concentration. The change in the main structure parameters within the 

first coordination sphere indicates the atomic dissolution of zinc in bismuth when 

the zinc content is less than six atomic percent. In the region of near-eutectic 

concentrations, zinc dissolves in a matrix based on bismuth in the form of 

complexes consisting of two or three atoms. When the zinc content is more than 12 

percent, longer chains of zinc atoms are formed, which can no longer enter the 

bismuth-based microregion and therefore form separate structural units in the 

intercluster region of bismuth. Analysis of the results of the free volume 

calculation indicates a significant difference between the free volume calculated 

within the first coordination sphere, which is about 35 percent, and the average free 

volume per atom (about 50%). This difference in the values of free volume 

indicates a significant degree of heterogeneity of the studied melts, which is due to 

their cluster structure, which leads to the formation of two types of atomic 

ordering. The first type is observed within a cluster with a higher degree of 

ordering and a smaller fraction of free volume, and the second type of atomic 
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structure exists in intercluster regions where the degree of atomic ordering is 

smaller and, accordingly, the free volume is larger. 

As a result of the analysis of temperature dependences of the main structure 

parameters of the Ga0.7Bi0.3 melt in the temperature range 250 K above melting 

point, it was found that the main processes associated with melt homogenization 

occur in the temperature range 100 K above the critical point. These processes are 

also accompanied by a decrease in the values of the configuration entropy in the 

same temperature range. In addition, the existence in the melt of three types of 

atomic groups was found, namely two based on pure components, as well as 

heterocoordinated regions, where bismuth atoms are mainly surrounded by 

gallium. 

Using the method of reconstruction of the structure of the Ga0,7Bi0,3 melt for 

different temperatures, the destruction of large cavities during the transition of the 

liquid from the microheterogeneous to the homogeneous state was established. 

The asymmetry of the main maximum of structural factors for liquid Co-Sn 

alloys indicates the existence of a heterogeneous short-range order structure. The 

arrangement of atoms of these alloys in the entire range of investigated 

concentrations can be described in the model of independent X-rays scattering. 

According to this model, the structure of melts containing less than 40 at.% Tin is 

formed by clusters of cobalt and chemically ordered regions of the Co3Sn2 type. 

The structure of alloys with a higher tin content is influenced by chemically 

ordered Co3Sn2 clusters and a solution with the composition Co22.3Sn77.7 for 

Co50Sn50 or Co33.3Sn67.7 melts, as well as tin clusters for the liquid alloy Co10Sn90. 

Due to the significant degree of microheterogeneity of the melts of 

chemically ordered systems, it was found that the free volume within the first two 

coordination spheres in most cases is smaller compared to its average value within 

the melt. 

For Co-Sn alloys, a significant deviation from the monotonic dependence of 

the free volume within the short-range order was found. The studied changes in 

free volume are associated with periodic changes in the structural parameters on 
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the basis of which it was determined and due to the predominant interaction of 

atoms of different types and the formation of melts of Co-Sn system based on 

clusters of several types and the presence of intercluster gaps of different widths. 

From the analysis of temperature dependences of free volume within the first 

two coordination spheres to eutectic melts Al1-xCux we made the conclusion that its 

growth together with decrease in the basic structural parameters is possible in case 

of such rearrangement of atoms within the short order at which reduction of 

coordination number occurs formation of "vacancies" in the first coordination 

spheres, which leads to a decrease in the radius of coordination spheres. 

Analysis of the dependence of the radius of the coordination spheres and the 

coordination numbers within the short-range order of Al-Ni-Si melts on the nickel 

content suggests that within the first coordination sphere there is a decrease in free 

volume due to true melt compaction. Given the difference between the relative free 

volume within the short-range order and the average free volume, we conclude that 

most of the free volume in Al-Ni-Si alloys is concentrated in intercluster regions 

where the degree of atomic ordering is lower compared to clusters. 

As a result of the structure investigation of liquid Ga80Sn20 composites with 

nickel oxide particles, the presence of groups of atoms of different types in the 

melt was established, the distance between which is less than the most probable. 

Such groups of atoms can occur at the liquid-crystalline particle interface as a 

result of wetting the oxide surface with a melt. 

Analysis of the temperature dependence of the main structural parameters of 

Ga80Sn20-NiO composites showed that the increase in the degree of 

microhomogeneity due to the addition of oxide particles is accompanied by an 

increase in free volume within the first coordination sphere, reflecting the short-

term nature of the influence of external factors on the structure of the liquid matrix. 

The study of bismuth-based composites by X-ray analysis revealed that the 

change in the main structural parameters of Bi1-xCux liquid matrix composite 

occurs due to partial dissolution of copper at the interface of two phases and 

change of interatomic interaction forces at the melt-crystal particle interface. In 
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this case, the dissolution of copper with liquid bismuth in the form of a substitution 

solution will be accompanied by a decrease in interatomic distances due to the 

smaller atomic radius of copper, and the decrease in the first coordination number 

may be due to a short-range rearrangement from a distorted tetragonal body-

centered to a cubic body-centered structure with a lower packing density and a 

larger free volume. 

The dependence of the main structure parameters of the short-range order 

and free volume within the first and second coordination spheres of Bi0.85Ni0.15 

composite is determined by the predominant interaction of atoms of different 

typeswhich is reflected in the formation of intermetallics in Bi-Ni alloys in the 

crystalline state. This nature of the interaction of atoms causes a nonmonotonic 

change in free volume depending on the temperature within the first coordination 

sphere with a minimum at a temperature of 825K. 

For composites based on the Al0.973Ni0.027 eutectic alloy, it was found that the 

increase in the degree of microhomogeneity due to the addition of carbon 

nanotubes is accompanied by the compaction of the atomic structure within the 

first coordination spheres, which leads to a decrease in free volume in this area. 

 

Keywords: metal melts, short-range order, cluster, interatomic distances, 

coordination number, packing density, density, free volume, atomic structure 

reconstruction, partial structural parameters. 
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Ga0,88In0,12 

295 2,44 4,70 2,33 0,73 2,95 5,73 10,9 

340 2,45 4,84 2,33 0,84 2,95 5,75 10,8 

390 2,45 4,79 2,19 0,86 2,93 5,71 10,5 

Ga0,858In0,142 

293 2,45 4,68 2,39 0,70 2,97 5,75 11,1 

338 2,46 4,79 2,36 0,65 2,94 5,74 10,7 

388 2,41 4,82 2,15 0,82 2,94 5,85 10,4 

Ga0,84In0,16 

300 2,43 4,66 2,46 0,65 2,97 5,76 11,4 

345 2,43 4,72 2,38 0,75 2,98 5,74 11,0 

395 2,43 4,76 2,30 0,65 2,98 5,72 11,1 

Ga0,82In0,18 

307 2,42 4,64 2,62 0,71 2,99 5,75 11,5 

352 2,42 4,66 2,53 0,73 2,98 5,76 11,4 

402 2,45 4,75 2,43 0,77 2,97 5,71 11,3 

Ga0,79In0,21 

315 2,40 4,65 2,59 0,62 3,01 5,54 12,2 

360 2,41 4,70 2,50 0,70 2,98 5,70 11,2 

410 2,43 4,69 2,37 0,71 2,99 5,74 11,3 

Ga0,75In0,25 

323 2,40 4,63 2,66 0,51 3,01 5,81 10,6 

368 2,41 4,68 2,43 0,61 3,02 5,95 11,2 

418 2,40 4,68 2,40 0,71 3,01 5,82 11,1 

Ga0,7In0,3 

330 2,39 4,66 2,72 0,56 3,00 5,80 11,3 

375 2,38 4,56 2,54 0,60 3,02 5,82 11,7 

425 2,40 4,73 2,47 0,65 3,01 5,82 11,0 

 










































































































































































































































































































































































































