Vidyamandir Classes Thermochemistry

Born Haber’s Cycle Section - 5

The energy binding ions together in a crystal is called as lattice energy (ALatticeH@ ). Lattice energy is defined as the

enthalpy change which occurs when one mole of an ionic compound dissociates into its ions in gaseous state which means
ALamceHe is+vei.e., NaCl(s) —— Na™(g) + CI™(g) ALamceH@ = +790 kJ mol ™!

These crystal lattice energies cannot be measured directly. By applying Hess’s Law to a series of elementary processes
starting with Na (s) and Cl, (g) and ending with formation of NaCl(s), ALatticeHe can be calculated. Such a sequence of
reactions for ionic compounds is called as Born-Haber Cycle. The concept is illustrated below by taking the formation of
NaCl(s).

The heat of formation of sodium chloride can be calculated from bond energies very easily.

1
Na(s) + 5 Cl, () —— NaCl(s) A;H® =—411kJ mol™

The following sequences can give the above equation : "
Na’ (g) + Cl(g)

1. Sublimation of one mole of Na(s) :
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Na(s) —— Na(g) Ay, H® =+109 kJ mol™ 1

2. Dissociation of half mole of Cl2 :

+ 122 kJ mol

Z
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5 0L — Clg) % AgongH® =+122 kJ mol ™! @)+ 172 Cle)

— 348 kJ mol !
>
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(Bond energy of Cl, is ABOHdHO =244 kJ/mole) o
3. Ionisation of one mole of Na atoms : AH

496 kJ mol "

A

Na(g) —— Na*(g)+1le” AgpH® =+ 496 kJ mol™ | Na (9 +Ci(e)
| Na (g) + 1/2 CL(g) | 3
A

(First ionisation energy of Na atoms is 496 kJ/mole)

-1

4. Addition of one mole of electrons to one mole of chlorine atoms:
o
A H

sub

Cl(g)+1le" —— ClI'(g) Ay H® =—348 kJ mol™
(Electron affinity of chlorine is 348 kJ/mole) A

109 kJ mol

H@

Lattice

(Electron affinity is the energy released, so AH is negative). | Na (s) + 1/2 Cl(g)
2

5. Condensation of gaseous ions to form one mole of solid NaCl :

This can not be calculated directly. AHC
i

- (S} (S}
Na*(g) + CI"(g) ——> NaCl (s) AH" =—A; juiccH

411 kJ mol”

The summation of the above five reactions and their AH values

<
<

NaCl(s)

allows us to calculate the value of AmeeHe . |

1
AgHO (<411)= A HO (+109K])+ 7 ApoygHO (+122K0) + AgH® (+496Kk)) + Apy HO (-348K0) — Ay i H
= Al HS = +790 kI/mol of solid NaCl.

Note : The crystal lattice is a measure of the stability of an ionic solid. The more negative its value, the more energy is released in

the hypothetical reaction in which a mole of ionic solid is formed from its constituent ions in the gaseous state.
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m Find the electron affinity of chlorine from the following data (in kcallmol).
Enthalpy of formation of LiCl is -97.5; Lattice energy of LiCl = 197.7 ; Dissociation energy of chlorine = 57.6

Sublimation enthalpy of Lithium = 38.3 ; Ionisation energy of Lithium = 123.8 ;

SOLUTION :
For aionic compound of type LiCl :
0 ) ) 1 ) ) )
ApaticeHrict = ApaHer — AfHpi + 5 AponaHer + AgpHri + AigHr
Relation between AHand AU Section - 6

Enthalpy (H) and Internal Energy (U) are related as :
H=U+PV

= AH =AU + A(PV)

or dH=dU+d(PV)

Now, for areaction, we can write : ArH = ArU +PAV [Chemical reactions occur at constant T and P]

or AH=AU + AngRT where An, = Z (n g)pmducts - z (n g)reactants = Change in the number of gaseous moles

WU EUTURNEY Find the sign of A H — AU for the following reactions :
(i) Hyg) +Cle) —HClg) (i)  Nyg) + 0,(8) —— NO,®)

(i) PH(g) — P,9) + Hye) (V)  CyHg(g)+ %02(g> —— CO,(g) + Hy0(0)

SOLUTION :

First, balance each reaction :
@ H,(g) + Cl,(g) —— 2HCl(g) (i) N,(g) +20,(g) — 2NO,(g)

(ili)  4PH,(g)— P,(s)+6H,(g) (iv) C,Hg(g) + % 0,(g) — 2CO,(g) + 3H,0(()

Now, Use:AH-AU= AngRT and An, = Z (ng)pm ducts Z (ng)mlctants
= IfAng>O,ArH—ArU>0;
If An, <0, AH-AU<O0;
IfAn, =0,AH-AU=0
() Ang=2-(1+1)=0 () An=2-(1+2=-1 (i)  An =(6+0)-4=2

. 7 5
(iv) Ang=(2+0)_(1+ Ej=_5
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[Note : For H,O (¢), n, = 0]



