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SOLIDS

LATTICE ENERGY

It is the energy released during the formation of 1 mole of crystal from its gaseous ions
(exothermic) or the energy required to decompose 1 mole of crystal into gaseous ions

(endothermic).

MXg— Mg + Xg) AH=U
The lattice energy of a crystal is given by the electrostatic energy equation between oppositely
charged ions.
yANAN-S
r

Z"and Z': absolute charge of positive and negative ions
e’: electron charge

r: intercenter distance of ions

Electrostatic energy also depends on the number of ions and their arrangement (A) in space.
The pulling energy of 1 mole of crystal is

N.A.Z*Z e
E= -

N: Avagadro number.

A: A constant which is related to the geometry of the crystal and is called Madelung constant.

Madelung constants were calculated by considering the contributions of all ions for their
crystal structure. The Madelung constants of crystals similar to each other are considered the
same. For example, because the structure of AgCl is similar to that of NaCl, A value is taken
as 1.74756. A values of MX; structures in calculations are approximately 50% larger than

MX structures.
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The smaller the r value, the greater the lattice energy will be. Because the closer the ions are
to each other, the stronger the attraction and the more stable the crystal will be.
Mathematically, if r is 0, an infinite amount of energy will be emitted. But r cannot be 0
because when the ions are close enough to touch each other, the electron clouds of the ions
push each other. The power of this pushing increases with the decrease of r value. The
pushing force is given by B/r" (B is the Born constant, n is the Born pushing term). The mean
Born pushing term of some ions was determined. The n value of a crystal is found from the
values of the Born pushing term of the ions as follows. For example, for LiCl, the Born
pushing term for Li* is 5 and the Born pushing term for CI" is 9. The value of 7, which is the

average of the two, is n value of the crystal. Chemists generally use n=9 for all crystals, but it

iIs more accurate to find n by using the values of certain ions. H 2
e
together is the total crystal energy (U) and this energy equa Ne 7
+
pulling forces in the crystal. The n value increases as the at ﬁr, 2U+ ?0
r, Ag
much more electrons. Xe, Aut 12

The n values of ions matching
the noble gas structure is the
same as the n values of noble

—  gases.
g

Bond energy

— Pulling lenght

| 4 - o=

Radius of ion
U= The lattice energy of 1 mole crystal
U:Epulling + Epushing

L= = NAFIel , N8
r rn

In equilibrium (minimum point) dU/dr =0and r = rg
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Theoretically, the lattice energy found in this way correépor]ding to the experimental values
within the 3% error range.
The Born-Lande equation was slightly modified by Born-Mayer and is given as follows.

L= AL AT ts P
417 §oro (’ ra)

ﬂr—ﬂ:‘; Et -I’,rﬂ",'f (’r
re

p: compressibility constant or repulsion between electron shells of ions
p: 3.45x10™m (34.5 pm)

The Russian chemist Kapustinskii (1956), proposed the following relation for a crystalline

lattice energy by designing a rock salt structure where all ionic structures are energy

equivalent.
e - nPVK_ [y 0345 A e 033K [1_p
fo / fo ) fa ( 2 )

n: Total ions number in crystal structure, for example KCI: 1+1=2
K: 1.21x10° kJ.4.mole™

The Kapustinskii equation is applied to all ionic crystals and independent of the crystal

structure (independent of Madelung constant). Thus the lattice energies of crystals containing
non-spherical ions such as COs*, NOs” and SO4* can be calculated.
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IONIC BOND

It is called chemical bonds that are formed between the atoms of an element with high
electronegativity and the atoms of an element with low electronegativity and which are based
on the exchange of electrons. As a result, (+) and (-) charged ions are formed and they pull
each other. Since the area around the electrically charged particles has the same effect
everywhere, the ion bonds are not oriented in the direction. This is the most important feature

that separates ionic bonds from covalent bonds. The strongest ionic compound is CsF.

pulling energy
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The Na™ ion in the middle is under the pulling effect of 6 Cl ions at the closest distance.

5pu||ing - ége*.e-)z .-_5&7'

r
The Na* ion is under the pulling effect of 8 CI” ions from the distance 13 (cube diagonal)

¢pUIIingE '3 [ﬁ}.oe') s - f;;

The central Na™ ion is pushed by the total 12 Na™ ions. 4 in the top, 4 in the bottom and 4 in
the middle.
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¢pushing:
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4 g g’ ﬁ
These numbers are represented by a constant. It is

called A or Madelung constant. It varies from crystal to
crystal. A includes pulling and pushing forces. A varies

because the distances from crystal to crystal vary.
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BORN-HABER CYCLE

The lattice energy of a crystal cannot be measured directly, but can be found indirectly with

the help of experimental lattice energy values, thermodynamic data and Hess's law. In 1919,

for the first time Born and Haber in this way have determined the lattice energy of NaCl. In

Born-Haber cycle

1. Atomization energy or sublimation energy of the metal forming the crystal=AH,

2. Total ionization energy to form the cation in the crystal=) AHjg

3. Bond energy of the anion-forming gas molecule=AHgg, dissociation energy

4. Electron affinity=AHga

5. The standard formation energy of the crystal=AH rmation IS the energy released during the
formation of an ionic compound from its elements under standard conditions.

6. Lattice energy =U
Kitp) + e+ Cly)

S
T/bbﬂge-‘-f&ﬂ.
. S K"{f) se "+ 1/p Cly (f)

AHe A =-355

1) 4 CIC
tHe Kl

Y K(p)+1/2 Ch (p)
OHg

—5—— K () + lj2Ch (g) L=-M9

~AHfos protion =38

s Kel ce) . |

Because the energy received and given in this cycle balances each other or the sum of all the
energy changes in the cycle from a thermodynamic point of view is 0, an ionic crystal lattice

energy is
JHJ + 'rf.? AHge + SAH/E + ndHEA 4 U+ AH for motion =0

n: number of electrons required to form an anion
Since ¥ Xa(g) — X(g), half of the total dissociation energy (724Hgg) given for molecule X; is
used in the calculation. 4H omization = 1/2 [ BE+RT] (R is too small, R negligible)
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I APPLICATIONS OF LATTICE ENERGY

‘ Determination of Electron Affinitiy and lon Affinitiy

Electron affinity can be measured in atoms capable of being converted to negatively charged
ions.

0(g) + 2¢" — 0% (g)

For this calculation Madelung constant and lattice energy can be taken from a known oxide
compound, such as MgO, and the compound can be considered to be 100% ionic. Y AH\g 1S
the sum of the first and second ionization energies of Mg.

'+ Ot

th
e M)+ Za 11021p)
Z b mg,hcp? + D?}f]
—— Mala) + Ih0rp)

bHs l /
g Mo+ 1/202 () L

Mfor motion
| Ma0 (e )

ARep

Similarly the fluoride ion affinity (AHgp) of BF3 can be calculated.
BFs(9) + F — BF4(9)

A °For mrotion

KFt) + BFagp) —— KBRy() KBFute) — kF ) + Bhyy)

-Uke
D Uegry
Kig)+ ngﬁ
l ,LM*FA
i)+ BRug) —

Using the lattice energy of KF and the enthalpy of the KBF4k) — KF(k) + BF3(g) reaction,

the F" ion affinity of the BF3; molecule can be calculated.
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‘ Determination of Proton Affinity

NHs(g)+ H" ~ NH.CI*(g)

The proton affinity (PA) of this reaction is the reaction enthalpy for a proton breaking-off and

it can find the Born-Haber cycle.
NHap) + HCIG) ——— NHYCler)

OHpe

Hy) 4 Clep)

M
e l lAHen
A4

NHyp) + H'o) +Citp)
ks P +eig

Bhen 1
N*ep) + Cllp)

‘ Determination of Disproportionation and Formation Entalpies

One of the first applications of this method is to determine whether the neon forms a salt in
the form of Ne*CI". However, it was concluded that the compound cannot be formed because
it gives AH %ormation=(+) value. Similarly, it was investigated whether Xe*PtFg can form or not

and the compound was synthesized according to the results.

A £os rration
Metp) + thChep) —— MeClcy)

l*fzé”af
Clep)

A \l iHea
Ne'lp) + crp)

Ae

AH,e: this value is too high, so AH °rmation 1S €ndothermic.
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Formation probability of CaF: 2CaF'(k) — CaF,+ Ca(k)

Born-Haber cycle about diproporsination of CaF

J2CaFeny _ﬂi._, Coley + CoFz (i)
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CaF is unstable due to disproportionation. Enthalpy change (AH) was found to be

+550. Therefore, Ca™ will not make up disproportionation and the probability of obtaining
Ca" in a solid fluoride will depend mainly on the magnitude of the lattice energies of CaF and
CaF,.

It is expected that the lattice energy of CaF, will be greater than CaF for three reasons: z2*
is twice as large as Z*. The radius of Ca’" is smaller than Ca*. The Madelung constant of the
MX salt is about 1.5 times greater than that of the MX salt. Thus, the lattice energy of CaF

is less than that of CaF,. So CaF is more unstable.
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An ionic compound is composed of gaseous ions while adopting the most stable structure,
giving the lowest Gibbs energy. Therefore, the stability of a crystal depends on the value of
the free energy exchange (4G°). The negatively smaller the value, the more stable it is. Two
terms contribute to the free energy change according to the AG°=AH°-TAS® correlation. The
first one is the enthalpy change in crystalline formation (AH®) and the other is the entropy
change (4S°). Since the transition from an irregular structure to a regular structure in the
transition from the gas phase to the solid phase, entropy in crystal formation is reduced, so
the entropy change is (-). In this aspect, entropy change is not in favor of crystal
formation. Since crystal formation is an exothermic reaction, the enthalpy change is always
(-) and makes crystal formation voluntary. The formation of solids from gaseous ions is a
reaction that gives so much exothermic that the contribution of entropy to Gibbs free energy
remains very small at very high temperatures. Therefore, it can be ignored alongside AH°.
Therefore, the discussion of thermodynamic properties of solids focuses on enthalpy changes,
and it is expected that the structure giving the most energy during its formation will be the
most stable. The enthalpy change is related to the crystal lattice energy. Lattice energy
(AH®,) is defined as the standard molar enthalpy change for the formation of a crystal from
gaseous ions. In order to break down a crystal into gaseous ions, energy as much as lattice
energy is needed. 4H aice iS always marked (+) because the degradation of the crystal lattice

is always endothermic.
AHatomization = 1/2 [BE+RT] RT iS not important SO AHatomization = I/ZBE

Electron affinity may be exothermic or endothermic according to the type of nonmetal.
AHsormation: AHsup + %2BE + IE + EA — AHattice
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