Part Ill : MECHANICAL PROPERTIES
Chapter 11 : Cohesion of Solids

Dr. Gassem Alzoubi

"~ What holds crystal together?.

Solids are stable structures, and therefore there exist interactions holding atoms in a crystal together. Forming a crystal implies
that the energy of the crystal is lower than the energy of the free atoms. The amount of energy which is required to
decompose the crystal into a set of free atoms is called the cohesive energy of the crystal, so

Cohesive energy = energy of free atoms — crystal energy
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the A6 and A12 for simple cube calculated in problem 2 in HW#7
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the A6 and A12 for simple cube are calculated in problem 2 in HW#7
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or U = U (S, V, N) in other textbooks
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To calculate the values of do p E’/N | B use the values of A12, A6,0", ¢ from tables
11.3and 11.4

Table 11.5. Properties of noble gases compared with predictions of Lennard-
Jones potentials

Noble Gas Ne Ar Kr Xe
Experimental dg (A) 3.13 3.75 3.99 4.33

dy from Eq. (11.10) (A) 2.99 3.71 3.98 4.34
Experimental £/N (eV/atom) -—0.02 -0.08 —~0.11 -0.17
E/N from Eq. (11.11) -0.027 -0.0890 —~0.120 -0.172
Experimental B (dyne/cm?) 1.1 - 10" 2.7 - 100 3.5 . 101 36 . 100
B from Eq. (11.13) 1.81-10'° 3.18- 10'0 3.46- 10" 3.81 - 10"

Results show agreement at roughly the 10% level. Source: Ashcroft and Mermin
(1976), p. 401.


To calculate the values of 

, use the values of A12, A6, 

from tables

11.3 and 11.4


lonic Bonding:

Crystals that can be pictured as formed by positive and negative ions are referred to as ionic crystals. An important quantity in
the study of ionic crystals is the Coulomb interaction energy (Madelung energy) between ions of the crystals in the point ion
approximation. The _cohesive energy for an ionic crystal is the energy required to dissociate the lattice into positive and
negative ions at infinite separation. Four common types of structures found in ionic crystals are NaCl structure which ?face-
centered cubic and CsCl which is body-centered cubic, zincblende structure, and the wurtzite structure. Let us how consider
the case NaCl which is one of the best examples of an ionic compound. In the crystalline state, each Na atom loses its single
valence electron to a neighboring Cl atom, producing Na* and CI” ions which have filled electronic shells. As a result an ionic
crystal is formed containing positive and negative ions coupled by a strong electrostatic interaction. \IN’U"‘&—
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Atom  Electron affinity (V) Atom  First ionization potential (eV) A r

H 0.75 Li 532

F 3.40 Na 5.14

Cl 3.61 K 434

Br 3.36 Rb 4.18 .
| 3.06 ‘ Cs 3.90

The ionization energy of Na is 5.1 eV and the electron affinity (the energy gained when the atom gains an electron) of a Cl
atom is 3.6 eV. These events are unfavorable on their own.

The cohesive energy for one pair of NaCl is conventionally taken to be the energy needed to separate the ions of NaCl
into free ions (Na+ and CI-) at rest and at infinite separation.

In the NaCl crystal, the total cohesive energy results from two contributions: the long-range Coulomb interactions between
the charged ions and the short-range core—core repulsion due to the Pauli principle prevents the crystal from collapsing
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  The cohesive energy for one pair of NaCl is conventionally taken to be the energy needed to separate the ions of NaCl into free ions (Na+ and Cl-) at rest and at infinite separation.


A?\«c COLP/g\Vl Mﬂ fW /'0"\ fa/“y- "q/kzd I()‘l\c /é\ﬁ hy

6 2 > LL/
— (
- - 0( e o+- ——— . D( " S ax[

/\)'“ Par —zI 0” 2 2
10w fai'y \Aaj/ o Z
\—\&j L—t)\ ' M (J wmsu‘.,»iaxSJ
6(Madelungenergy) ECO‘Q( lﬁ/y/()\ﬂ‘//
' exﬂ(/(tw\M
Now /% u3 S /L"b‘) &Lfar\r"/(f‘om)
;”v ?‘\\Vld/ «
@ QD J«.ﬂu‘h ,
2o
L — —
- "/: - ’+ - -+ —
Mkcj :
Va/k. 4 Gm oV '
ol ‘ d
2
::‘ej"xz S R S T AP IS
2d 34 /|

2
| ) 4 - E
,_Qz[z(\—,\"_’—t—? U )} T
)
\\—_/—_/—
X
e »1&2?\386
w\m/"l K= 2 C\"‘}"\“% )':J—r ) 0 l
3 N | X =
W{‘\""/L baCrex) = % %ﬁz&“ > lways 5 0
N beg -y k4oL XAy
SN - = L4 -3


(Madelung energy)


# »:( AS\’ w = £ o adidhane o

A, 2" wn =02 ok distme vzd

;L;l /s 34 wha = 3 zdr\rz)

o‘ﬂ\st\v\ VS L\"L Su
o
2 pA (A



coulomb


Table 11.7. Madelung constants « for the most common ionic crystal structures

Structure Madelung constant o
Cesium chloride ' ' 1.76268
Sodium chloride 1.74757
Wurtzite : 1.638704
Zincblende 7 1.63806
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Compound Experimenf{al Experimental  Eq. (11.26)

do (A) 8/ Nion pairs (€V) 8/ Nion pairs (€V)
LiF 2.01 10.83 11.45
LiCl 2.57 8.85 8.98
LiBr 2.75 8.51 8.39
Lil 3.01 7.92 7.66
NaC] ‘ & 8 1 8 8. 18 for detailed calculation of cohesive

energy per NaCl molecule, see problem

NaF 232 9.62 996  4inHw#7


for detailed calculation of cohesive energy per NaCl molecule, see problem 4 in HW#7


Calculation of Madelung constant for NaCl numerically :
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8,000,000 lattice points
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n1: -100 to 100 ; sum over 200 lattice points along a1 direction
n2: -100 to 100 ; sum over 200 lattice points along a2 direction
n3: -100 to 100 ; sum over 200 lattice points along a3 direction

overall, the sum is over 200*200*200 = 8,000,000 lattice points


mo (#Define the tange of summations)n =100; (*Increase n for better acCuUracy+ )
{(#Initialize the Madelung constants)M=0.0;

(#Sum over shells of donss)
Do[Do[Do[If[nl ==0&&n2 =0 g& n3 =0, Continue[]]; (#8kip the origins
rSquared =nl%2 +n242 +n342;
r = Sqrt[rSquared];
charge = (-1) * (nl +n2 + n3); (*Alternating chargess}M += charge /r;, {n3, -n, n}],
{n2, -n, n}], {n1, -n, n}J; ‘
madelung = Abs[M] ;
{(#Print the results)
Print["Madelung constant for NaCl: ", madelung];
Madelung constant for NaCl: 1 .74182






