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Abstract
         The melting temperature for silicon nanowires (SiNW) for varies diameter and other structural features has been calculated theoretically. The results shows that the melting point of silicon nanowires increases as the diameter increases, while both of lattice volume V(r) and mean bond length dmean(r)  for SiNWs will decrease with increasing their diameters. 
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Introduction
   Silicon is a chemical element; it has symbol Si and atomic number 14. It is a hard, brittle crystalline solid with a blue-grey metallic luster, and is a nonmetal and semiconductor. It is a member of group 14 in the periodic table: carbon is above it, while germanium, tin and lead are below it. It is relatively unreactive it has the diamond cubic crystal structure with a lattice parameter of 0.543 nm. a
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Figure 1: Bulk silicon crystallizes in diamond qubic crystal 
       The nearest neighbor distance is 0.235nm (a). The diamond cubic crystal structure has an fcc lattice with a basis of two silicon atoms as shown in figure 1 (Ref). A lattice constant or lattice parameter is one of the physical dimensions and angles that determine the geometry of the unit cells in a crystal lattice, and is proportional to the distance between atoms in the crystal. A simple cubic crystal has only one lattice constant a (the distance between atoms), but in general lattices in three dimensions have six lattice constants: the lengths a, b, and c of the three cell edges meeting at a vertex, and the angles a, ẞ, and y between those edges.
        The melting temperature of silicon nanowires is a crucial parameter in various applications, such as thermal stability and catalysis. According to the available data, the melting point of bulk silicon is around 1685 °K. However, in the case of nanowires, it is essential to note that the melting point can vary depending on factors such as the nanowire's diameter and the specific conditions of the experiment. Silicon nanowires, also referred to as SiNWs, are a type of semiconductor nanowire most often formed from a silicon precursor by etching of a solid or through catalyzed growth from a vapor or liquid phase. SiNWs have unique properties that are not seen in bulk (three-dimensional) silicon materials (Ref). The reason that SiNWs are considered one of the most important one- dimensional materials is they could have a function as building blocks for nanoscale electronics assembled without the need for complex and costly fabrication facilities.




 Nano (symbol n) is a unit prefix meaning one billionth. Used primarily with the metric system, this prefix denotes a factor of 10-9 or 0.000 000 001. It is frequently encountered in science and electronics for prefixing units of time and length. The nanometer (international spelling as used by the International Bureau of Weights and Measures; Sl symbol: nm) or nanometer (American spelling) is a unit of length in the International System of Units (SI), equal to one billionth (short scale) of a meter (0.000000001 m) and to 1000 picometres. One nanometer can be expressed also in scientific notation as 1 ×10-9 m, or (1/1 000 000 000) meter. figure 2 shows ------



Figure 2
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Theoretical method
      1-1 Mean Bond Length (dmean)
The mean bond length dmean (∞) is an average distance which a phonon covers in its wavelike pattern without any reflection or deflection for bulk state but at the nanoscale, its size dependent. The mean bond length for the nanoscale range dmean(r) is inversely proportional withrand reaches a peak at r =rc, which is denoted by dmean (rc)(Omar,2012).The change of dmean(r) as a function of r is determined as,
∆d mean(r) = ∆d mean(rc)]1/2  -----------------------------------  1




Where R is the ideal gas constant and Sm is the vibration entropy while rc denotes a critical radius at which all atoms of the particle are located on its surface and it is given by
  rc= [3-D]h   -----------------------------------------------------------------------------------  2
 where h and dmean (r) can be calculated as ,
h=1.429dmean (∞)   --------------------------------------------------------------------------- 3
where,
dmean (r)=h-∆dmean (r)  --------------------------------------------------------------------------  4
where the bulk mean bond length is ,
dmean(∞) =h-dmean(rc)   -------------------------------------------------------------------------   5
The value of the vibrational entropy is affected by the enthalpy of melting, Hm (∞) and the bulk melting temperature, Tm (∞). Therefore, its value given by the following relation, 
Sm(∞)=Hm(∞)/Tm      -----------------------------------------------------------------------------   6
Where Hm(∞) as a function of bulk melting temperature can be written as, 
Hm(∞)=-10-5(∞) + 0.059Tm(∞) - 21.33  ------------------------------------------------   7

   1-2 Size Dependent Lattice Constant and Mass Density
         The values of a(r) are estimated as, 
 a(r)=  dmean   ---------------------------------------------------------------------------    8
and the size dependent volume V(r) of the unit cell can be computed as follows, 
V(r) =     ----------------------------------------------------------------------------------    9
The theorical size dependent volume V(r) of the mass density ρ(r) of nanocrystalline materials  Expressed as ,
ρ(r)=ρ(∞)        ----------------------------------------------------------------------------   10
where ρ(∞) is the bulk mass density.



Size Dependent Melting Temperature 
 The melting point of a semiconductor material has great effect on the martial properties by the size dimension of nanocrystals as well as the bulk overall melting entropy .The size dependent melting point Tm(r) is expressed as,
    -----------------------------------------   11






















Results and discussion 
Using the formalism described above, an analysis of Tm is presented for silicon nanowire with diameter ranging from 1 to 50 nm. All material parameters used for calculating Tm are listed in Table 1.
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Fig (3) melting temperature for silicon nanowire by using formula(11).






Table 1: The material parameters for calculation of SiNWs.


	Ideal gas constant
	R
	  8.314JK-1 mol-1
	Ref.(Madelung,2012)

	First surface layer height
	h
	        0.335815 nm
	          From eq.3

	Bulk mean bond length
	dmean(∞)
	0.235nm
	          From eq.5

	Bulk melting  
	Tm
	1685 K◦
	A.B. sproul 

	[bookmark: _GoBack]     bulk Lattice constant
	
	0.54309 nm
	Ref. 2

	Lattice volume of bulk
	VB
	0.019980717
	From eq.9

	Enthalpy for bulk melting point temperature
	HmB
	49.7 J/mol
	From eq.7

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

































 The Tm  is computed through equations 1 to 11 and the obtained data values are tabulated in the Table 2 by using equation 4 for mean path length,dmean,Equation  8 for lattice parameter ,a, Equation 9 for unit  cell volume,V, Equation 11 for melting temperature ,Tm.
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Fig(4) lattice volume via silicon nanowire ranging from (1 to 50)nm.








 Find Tm has been numerically calculated for SiNWs with various diameter (1 to 50)nm, lattice volume with results from nearly 95k֯ to 1665 k֯ as shown in the figures 3.The figure 4 shows the temperature dependence of SiNWs. The figure illustrated the variation of V(r) with diameter of NWs and there is positive correlation between them .    
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r/nm ∆d mean(n)d mean(n) a(n) V(n) Tm/K

1 1.78E-11 3.18E-10 7.34E-10 4.95E-29 95.90167

2 6.56E-11 2.7E-10 6.24E-10 3.04E-29 944.2019

3 7.89E-11 2.57E-10 5.93E-10 2.61E-29 1234.063

4 8.49E-11 2.51E-10 5.79E-10 2.43E-29 1363.358

5 8.84E-11 2.47E-10 5.71E-10 2.33E-29 1435.564

6 9.06E-11 2.45E-10 5.66E-10 2.27E-29 1481.463

7 9.21E-11 2.44E-10 5.63E-10 2.23E-29 1513.163

8 9.33E-11 2.43E-10 5.6E-10 2.2E-29 1536.35

9 9.41E-11 2.42E-10 5.58E-10 2.17E-29 1554.039

10 9.48E-11 2.41E-10 5.57E-10 2.15E-29 1567.975

11 9.54E-11 2.4E-10 5.55E-10 2.14E-29 1579.235

12 9.59E-11 2.4E-10 5.54E-10 2.13E-29 1588.522

13 9.63E-11 2.4E-10 5.53E-10 2.12E-29 1596.312

14 9.66E-11 2.39E-10 5.52E-10 2.11E-29 1602.939

15 9.69E-11 2.39E-10 5.52E-10 2.1E-29 1608.646

16 9.71E-11 2.39E-10 5.51E-10 2.09E-29 1613.611

17 9.74E-11 2.38E-10 5.51E-10 2.09E-29 1617.97

18 9.76E-11 2.38E-10 5.5E-10 2.08E-29 1621.828

19 9.77E-11 2.38E-10 5.5E-10 2.08E-29 1625.267

20 9.79E-11 2.38E-10 5.49E-10 2.07E-29 1628.35

21 9.8E-11 2.38E-10 5.49E-10 2.07E-29 1631.131

22 9.82E-11 2.38E-10 5.49E-10 2.07E-29 1633.652

23 9.83E-11 2.38E-10 5.49E-10 2.06E-29 1635.948

24 9.84E-11 2.37E-10 5.48E-10 2.06E-29 1638.047

25 9.85E-11 2.37E-10 5.48E-10 2.06E-29 1639.974

26 9.86E-11 2.37E-10 5.48E-10 2.06E-29 1641.749

27 9.87E-11 2.37E-10 5.48E-10 2.05E-29 1643.39

28 9.87E-11 2.37E-10 5.48E-10 2.05E-29 1644.91

29 9.88E-11 2.37E-10 5.47E-10 2.05E-29 1646.324

30 9.89E-11 2.37E-10 5.47E-10 2.05E-29 1647.641

31 9.89E-11 2.37E-10 5.47E-10 2.05E-29 1648.871

32 9.9E-11 2.37E-10 5.47E-10 2.04E-29 1650.023

33 9.91E-11 2.37E-10 5.47E-10 2.04E-29 1651.104

34 9.91E-11 2.37E-10 5.47E-10 2.04E-29 1652.12

35 9.92E-11 2.37E-10 5.47E-10 2.04E-29 1653.077

36 9.92E-11 2.37E-10 5.46E-10 2.04E-29 1653.98

37 9.92E-11 2.37E-10 5.46E-10 2.04E-29 1654.833

38 9.93E-11 2.37E-10 5.46E-10 2.04E-29 1655.641

39 9.93E-11 2.36E-10 5.46E-10 2.04E-29 1656.406

40 9.94E-11 2.36E-10 5.46E-10 2.04E-29 1657.133

41 9.94E-11 2.36E-10 5.46E-10 2.03E-29 1657.823

42 9.94E-11 2.36E-10 5.46E-10 2.03E-29 1658.481

43 9.95E-11 2.36E-10 5.46E-10 2.03E-29 1659.107

44 9.95E-11 2.36E-10 5.46E-10 2.03E-29 1659.704

45 9.95E-11 2.36E-10 5.46E-10 2.03E-29 1660.274

46 9.96E-11 2.36E-10 5.46E-10 2.03E-29 1660.819

47 9.96E-11 2.36E-10 5.46E-10 2.03E-29 1661.341

48 9.96E-11 2.36E-10 5.45E-10 2.03E-29 1661.841

49 9.96E-11 2.36E-10 5.45E-10 2.03E-29 1662.32

50 9.97E-11 2.36E-10 5.45E-10 2.03E-29 1662.779
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		r/nm		∆d mean(n)		d mean(n)		a(n)		V(n)		Tm/K

		1		0		0.0000000003		0.0000000007		4.95292886576244E-29		95.9016658933

		2		0.0000000001		0.0000000003		0.0000000006		3.0361550970154E-29		944.2018577634

		3		0.0000000001		0.0000000003		0.0000000006		2.61001810721361E-29		1234.0625545938

		4		0.0000000001		0.0000000003		0.0000000006		2.43070219410964E-29		1363.3577500307

		5		0.0000000001		0.0000000002		0.0000000006		2.33241356144386E-29		1435.5635380774

		6		0.0000000001		0.0000000002		0.0000000006		2.27044231936088E-29		1481.4629952144

		7		0.0000000001		0.0000000002		0.0000000006		2.22782309844577E-29		1513.1627213102

		8		0.0000000001		0.0000000002		0.0000000006		2.19672399857089E-29		1536.3498436671

		9		0.0000000001		0.0000000002		0.0000000006		2.17303379918975E-29		1554.0391918233

		10		0.0000000001		0.0000000002		0.0000000006		2.15438836358015E-29		1567.9749793259

		11		0.0000000001		0.0000000002		0.0000000006		2.13933218624995E-29		1579.235343205

		12		0.0000000001		0.0000000002		0.0000000006		2.12692031567708E-29		1588.5221639146

		13		0.0000000001		0.0000000002		0.0000000006		2.11651262251701E-29		1596.3118426005

		14		0.0000000001		0.0000000002		0.0000000006		2.10766009903232E-29		1602.9390235835

		15		0.0000000001		0.0000000002		0.0000000006		2.10003850477332E-29		1608.6456233173

		16		0.0000000001		0.0000000002		0.0000000006		2.09340785526047E-29		1613.6108424085

		17		0.0000000001		0.0000000002		0.0000000006		2.087586729342E-29		1617.9702379194

		18		0.0000000001		0.0000000002		0.0000000006		2.08243543585304E-29		1621.8282389751

		19		0.0000000001		0.0000000002		0.0000000005		2.07784466988251E-29		1625.266591477

		20		0.0000000001		0.0000000002		0.0000000005		2.07372767802293E-29		1628.3501965295

		21		0.0000000001		0.0000000002		0.0000000005		2.07001472851954E-29		1631.1312346833

		22		0.0000000001		0.0000000002		0.0000000005		2.06664913230691E-29		1633.6521355328

		23		0.0000000001		0.0000000002		0.0000000005		2.06358433020277E-29		1635.9477528475

		24		0.0000000001		0.0000000002		0.0000000005		2.0607817272556E-29		1638.0469825356

		25		0.0000000001		0.0000000002		0.0000000005		2.05820905984382E-29		1639.9739830748

		26		0.0000000001		0.0000000002		0.0000000005		2.05583914866295E-29		1641.7491078466

		27		0.0000000001		0.0000000002		0.0000000005		2.05364893524947E-29		1643.3896256894

		28		0.0000000001		0.0000000002		0.0000000005		2.05161872958038E-29		1644.910283734

		29		0.0000000001		0.0000000002		0.0000000005		2.04973161670421E-29		1646.3237513688

		30		0.0000000001		0.0000000002		0.0000000005		2.04797298452449E-29		1647.640973621

		31		0.0000000001		0.0000000002		0.0000000005		2.04633014482825E-29		1648.8714548041

		32		0.0000000001		0.0000000002		0.0000000005		2.04479202676399E-29		1650.0234879691

		33		0.0000000001		0.0000000002		0.0000000005		2.04334892711028E-29		1651.1043418678

		34		0.0000000001		0.0000000002		0.0000000005		2.04199230542788E-29		1652.1204143281

		35		0.0000000001		0.0000000002		0.0000000005		2.0407146149583E-29		1653.0773588777

		36		0.0000000001		0.0000000002		0.0000000005		2.03950916219739E-29		1653.9801899026

		37		0.0000000001		0.0000000002		0.0000000005		2.03836998962721E-29		1654.8333704707

		38		0.0000000001		0.0000000002		0.0000000005		2.03729177726989E-29		1655.6408860628

		39		0.0000000001		0.0000000002		0.0000000005		2.03626975963101E-29		1656.4063067818

		40		0.0000000001		0.0000000002		0.0000000005		2.03529965529717E-29		1657.1328400852

		41		0.0000000001		0.0000000002		0.0000000005		2.03437760699418E-29		1657.8233756854

		42		0.0000000001		0.0000000002		0.0000000005		2.03350013033652E-29		1658.4805239402

		43		0.0000000001		0.0000000002		0.0000000005		2.03266406983263E-29		1659.1066488091

		44		0.0000000001		0.0000000002		0.0000000005		2.03186656097505E-29		1659.7038962531

		45		0.0000000001		0.0000000002		0.0000000005		2.03110499745598E-29		1660.274218794

		46		0.0000000001		0.0000000002		0.0000000005		2.03037700271741E-29		1660.8193968282

		47		0.0000000001		0.0000000002		0.0000000005		2.0296804051818E-29		1661.341057183

		48		0.0000000001		0.0000000002		0.0000000005		2.02901321661943E-29		1661.8406893231

		49		0.0000000001		0.0000000002		0.0000000005		2.02837361319877E-29		1662.3196595475

		50		0.0000000001		0.0000000002		0.0000000005		2.02775991883925E-29		1662.7792234613
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