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2.3.3 Surface Energy 

The surface energy is a fundamental physics parameter of the solid surface. 

Its importance be in the understanding the surface phenomenon, as the behavior of 

the catalysis, adsorption, surface distinguishing, surface corrosion, growth rate, 

lattice constants, grain boundaries formation, and thermal stability[3][8]. 

The surface energy can be defined as “ the additional work to overstretch or 

tear an elastic continuum”[9], or the additional energy to create a new surface area 

unit[10], then, the work to form two boundaries is; 

𝑎𝑌

2
≈ 2𝛾 …………………… . (2 − 17) 

where 𝑎 is the particle radius,  𝑌 is Young’s modulus and  𝛾  is the surface 

energy.  

 

So, we can consider the surface energy as a free surface energy (Gibbs's 

energy) (G) of area, then from the thermodynamic looking, the surface energy is 

one of the parameters in Gibbs's energy which is explained by;  

𝑑𝐺 = −𝑆𝑑𝑇 + 𝑉𝑑𝑃 + 𝛾𝑑𝐴 ………………… (2 − 18) 

where 𝑆, 𝑇, 𝑉, 𝑃, and 𝐴  are entropy, temperature, volume, pressure and area 

respectively.  

At the pressure and the temperature are constant, the surface energy may be 

written as;  

𝛾 =  
𝜕𝐺

𝜕𝐴
 

𝑇,𝑃
……………… . (2 − 19) 

Example (2-2): Calculate the resulted boundary volume of system that has a 

surface energy (1 𝐉/𝑚2) and Young’s modulus (50𝐺𝑝𝑎).    (Note: 1𝑃𝑎 =
𝑁

𝑚2
=

 𝐉/𝑚2) 
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Solution:  

the work to form two boundaries is; 

𝑎𝑌

2
≈ 2𝛾 

𝑎 ≈
4𝛾

𝑌
=  

4 1         𝐉/𝑚2

50 × 109 𝐉/𝑚2
= 8 × 10−11𝑚 ≈ 0.08 𝑛𝑚 

𝐷 = 0.1 𝑛𝑚 

Back to thermodynamic, the surface energy can be estimated by calculate 

the bonding energy of an atom on the surface, to estimated it can using the 

dimensionality approach.  

Consider the surface energy of atoms in the crystal surface is closer to the 

sublimation energy (∆𝐻𝑠), which be found between 80 𝐾𝐽/𝑚𝑜𝑙 for cesium and 

900 𝐾𝐽/𝑚𝑜𝑙 for tungsten, the surface energy can be written as;  

𝛾 ≈
∆𝐻𝑠

𝑁𝑎𝑆𝑎
…………………… . . (2 − 20) 

Where 𝑁𝑎  is Avogadro’s number and 𝑆𝑎  is the surface area of atom. Suppose 

that, the sublimation of atom is 200 𝐾𝐽/𝑚𝑜𝑙 and its surface area is 10−19𝑚2. The 

surface energy can be estimated as[11]; 

𝛾 ≈
∆𝐻𝑠

𝑁𝑎𝑆𝑎
≈  

 200 𝐾𝐽/𝑚𝑜𝑙

6 × 1023(𝑚𝑜𝑙−1) × 10−19𝑚2
≈ 4 𝑱/𝑚2 

For more accuracy in the calculations of the inner bonds, that requires using 

the pair potential method, which depends on the distances between the inner atoms, 

where the reaction energy of the pair is  (𝜑 𝑟 ) as shown in figure (2-5). 
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Figure (2-5): the reaction energy of the pair as a function of the distance 

between two atoms. 

As example for estimate the surface energy of {100} in body- centered cubic 

(BCC). Generally, the total energy of each atom in the bulk is the sum of bonds 

pair of the neighboring atoms, as; 

𝜀𝑐 =
1

2
 𝑛𝑖𝜑 𝑟 …………… . (2 − 21)

𝑘

𝑖=1

 

where 𝑛𝑖  is the number of atoms in the 𝐾𝑡ℎ  sphere coordinate. Supposing  

there are two atoms  𝐾 = 2  into bulk, as shown in figure (2-6).  



Physics of Nanomaterials ……… Chapter Two ………. Dr. Mazin A. Alalousi …….. 2020 

……………………………………………………………………………………………………… 

5 

 

 

Figure (2-6): The energy per one atom in the bulk of (BCC). 

The energy per one atom in the bulk of (BCC) is; 

𝜀𝑐 =
1

2
 8𝜑1 + 6𝜑2 ………… . . (2 − 22)  

                                  = 4𝜑1 + 5𝜑2  …………… . . . (2 − 23) 

where 𝜑1 and 𝜑2 are 𝜑 𝑟1  and 𝜑 𝑟2  respectively. 

The energy per one atom on the surface {100} of BCC is; 

𝜀𝑠 =
1

2
 4𝜑1 + 5𝜑2 ……… . . (2 − 24)  

                                  = 2𝜑1 + 2.5𝜑2  ………… . . (2 − 25) 

 

Figure (2-7): The energy per one atom on the surface {100} of BCC. 



Physics of Nanomaterials ……… Chapter Two ………. Dr. Mazin A. Alalousi …….. 2020 

……………………………………………………………………………………………………… 

6 

 

  The surface energy is the difference between the two energies of atom in 

the bulk and on the surface divided per surface area for one atom[11]. 

𝛾 =
𝜀𝑐 − 𝜀𝑠

𝑎2
 …………… . . (2 − 26) 

𝛾 =  
4𝜑1 + 3𝜑2 − 2𝜑1 − 2.5𝜑2

𝑎2
 

𝛾 =  
2𝜑1 + 0.5𝜑2

𝑎2
 …………… . (2 − 27) 

Now, let us estimate the surface energy of {100} in face- centered cubic 

(FCC); using figures (2-8) and (2-9).  

The energy per one atom in the bulk of (FCC). 

𝜀𝑐 =
1

2
 12𝜑1 + 6𝜑2 ………… . . (2 − 28)  

                                  = 6𝜑1 + 3𝜑2  …………… . . . (2 − 29) 

The energy per one atom on the surface {100} of FCC is; 

𝜀𝑠 =
1

2
 8𝜑1 + 5𝜑2 ……… . . (2 − 30)  

                                  = 4𝜑1 + 2.5𝜑2  ………… . . (2 − 31) 

Using equation (2-27), again, the surface energy of {100} in (FCC) can be written 

as;   

𝛾 =  
6𝜑1 + 3𝜑2 − 4𝜑1 − 2.5𝜑2

𝑎2
 

𝛾 =  
2𝜑1 + 0.5𝜑2

𝑎2
 …………… . (2 − 32) 
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Figure (2-8): The energy per one atom in the bulk of (FCC). 

 

 

Figure (2-9): The energy per one atom on the surface {100} of (FCC). 
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If the approximation of the values used is taken into consideration, (𝜑1 ≈

𝜑2) and (𝑟1 ≈ 𝑟2 ≈ 𝑎) , and work on the surface only, we get to approximate 

uniform relationship of equation (2-28) written as;  

𝛾 =
1

2
𝑁𝑏𝜀𝜌𝑎  …………… . (2 − 33)  

 

where 𝑁𝑏is the number of the broken bonds and 𝜌𝑎   is the surface intensity of 

the surface atoms. In this modal, the reaction between the atoms of molecule is 

neglected, and the lengths of bonds are equaled. The energy of both bulk and 

surface is same, and does not include the size effect, the pressure and entropy. It is 

applied with the rigid solid matters, because the surface is not relaxed (if the 

surface is relaxed, the surface atoms move or restructure, then, the surface energy 

will reduce). This relation is given only an ordinal estimate of the actual surface 

energy of the solid surface. 

 

For example, if FCC lattice has a lattice constant (a), we can calculate the 

surface energy of both {100} and {110}. 

For {100} plane: 

There are eight bonds of four atoms were broken as shown in figure       (2-

10). 

 

Figure (2-10): The broken bonds of the surface atom in {100} of (FCC). 
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The surface energy of {100}can be found using equation (2-34); 

𝛾{100} =
1

2

8 𝜀 

𝑎2
=

4𝜀

𝑎2
………………… . . (2 − 34) 

 

For {110} plane:  

There are ten bonds of five atoms were broken as shown in figure       (2-11). 

 

Figure (2-11): The broken bonds of the surface atom in {110} of (FCC). 

𝛾{110} =
1

2

10 𝜀

 2𝑎2
=

5𝜀

 2𝑎2
…………… (2 − 35) 

 

One result of the reduction in the size (an increase of the  area/ volume ratio) 

of the matter is the increased surface energy[13],[14]. A reduction in the 

nanoparticles size can congregation of atoms or molecules on the surface, forming 

regular structures. The main causes of this formation are forces that tend to 

decrease the surface area of particle and therefore its surface energy[5],[3], that is 

an important factor of particles formation. 

 The surface energy of particle becomes an increasing factor with the 

reduction of size as shown in table (2-2), which indicates how the specific surface 

area and the total surface energy of one gram of (𝑁𝐶𝑙) vary with particle size. 
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Table (2-2) Variation of surface energy with particle size 

[10]. 

 

To understand this phenomenon, its effects and what the mechanisms of 

surface energy reduction, let take a closer look on the surface of matter.  

 

 

 

 

 

 

 


