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Strength of lon-lon Interactions

The strength of ion-ion interactions is dependent on two things:

1. Charges of the ions: g4 & Q5
2. Radii of ions or distance between them: d

For NaCl:

« 4 = +1 (charge on cation)
* (g, =-1 (charge on anion)
] X  d=r(Na*)+r(Cl)
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Quantifying the Strength of lon-lon Interactions: Lattice Energy (U)

The strength of ion-ion interactions is dependent on two things:

1. Charges of the ions: g4 & g, o qd1Xq>
2. Radii of ions or distance between them: d x d
For NaCl:
« 4 = +1 (charge on cation)
* (g, =-1 (charge on anion) v
L  d=r(Na") +1(CH) a:1%4;

U=k
d

To go from the proportionality expression (gray equation with o) to an
equivalence expression (red equation with =), we need a proportionality constant (k).
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WHAT IS LATTICE ENERGY?

It is the enthalpy change for the following process:
Mm™*(g) + N (g) = MN, (s)

Where 1 mole of an ionic compound (M,N,,) forms from its free ions in the gas
phase (M™* and N™).
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WHAT IS LATTICE ENERGY?

It is the enthalpy change for the following process:
Mm™*(g) + N (g) = MN, (s)

Where 1 mole of an ionic compound (M,N,,) forms from its free ions in the gas
phase (M™* and N™).

For example, the lattice energy for NaCl (s) corresponds to this process:
Na* (g) + Cl- (g) — NaCl (s)
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How to calculate lattice energy (U) of CaCIZ?
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

This is the definition of lattice energy (U).

Ca®*(g) + 2 CI(g)

Enthalpy

UCaCIz(s)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

Now how do | get to these free ions?

Ca®*(g) + 2 CI(g)

Enthalpy

UCaCIz(s)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

Now how do | get to these free ions? | can get CI- (g) by electron affinity!

Ca**(g) + 2 Cl(g)

2XAHEA,C|(g)
T— Ca?*(g) + 2 Cl(g)

Enthalpy

UCaCIz(s)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How about Ca?* (g)?

Just redrawing over here for space.

Ca2*(g) + 2 Cl(g) Ca**(g) + 2 Cl(g)

2XAHEA,C|(g)
T— Ca?*(g) + 2 Cl(g)

Enthalpy

UCaCIz(s)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How about Ca?*? | can get Ca?* from ionizing Ca (g) twice!

Just redrawing over here for space.

——— Ca*(g) + 2 Cl(g) Ca**(g) +2 Cl(g)

2xAH
AHi cag) o T— Ca®*(g) + 2 CI(g)
= a<'(g) + (g

5: AHIEQ,Ca(g)
(o]
< Ca(g) + 2 Cl(9g)
C
L1 UCaClz(s)

—Y— CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How do | get Cl (g)?
—_ Ca2+(g) 40 Cl(g) :Just redrawing over here for space. Ca2+(g) + 9 Cl(g)
AHIE cate ZXAHEA,CI(Q)

1alg

+ Y Ca* +2 CI”
| aHE (9) (9)
©
= Ca(g) +2 Cl(g)
-
LLl UCaCIz(s)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How do | get Cl (g)? By breaking apart Cl, (g)!

Just redrawing over here for space.

Ca?*(g) + 2 Cl(g)

——— Ca**(g) + 2 Cl(g)

2xAH
AHig cag) o — Ca**(g) + 2 Cl(g)
= a<'(g) + g
5: AHIEQ,Ca(g)
©
< —— Ca(g) + 2 Cl(9g)
Lﬁ AHge 1 (g) U,
Ca(g) + Cly(g) oA

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How do | get Ca (g)?

Just redrawing over here for space.

——— Ca®(g) + 2 Cl(g) - Ca**(g) + 2 Cl(g)

2xAH,
AHi cag) o T— Ca®*(g) + 2 CI(g)
+ alg)+ _
é AHIEQ,Ca(g) i i
©
< —— Ca(g) + 2 Cl(9g)
Lﬁ AHge 1 (g) U,
Ca(g) + Cly(g) oA

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

How do I get Ca (g)? By subliming Ca (s)!

——— Ca**(g) + 2 Cl(g)

Just redrawing over here for space.

2XAHEA,C|(g)

UCaCIz(s)

Ca?*(g) + 2 Cl(g)

T— Ca?*(g) + 2 Cl(g)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

The up processes are endothermic. The down processes are exothermic.

S Ca2+(g) 40 Cl(g) :Just redrawing over here for space. Ca2+(g) + 0 Cl(g)
AHIE cate 2XAHEA,CI(g)
1alg
A T— Ca?*(g) + 2 Cl(g)
5: AHIEQ,Ca(g)
©
= —— Ca(g) +2 Cl(g)
Lﬁ AHge 1 (g) Calg) + Clu(a) Usac s
a(g) + aLL\s
AHsub Ca(s) J 2\9

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

Now how do | connect Ca (s) + Cl, (g) to CaCl, (s)?

——— Ca**(g) + 2 Cl(g)

Just redrawing over here for space.

2XAHEA,C|(g)

UCaCIz(s)

7?77

Ca?*(g) + 2 Cl(g)

T— Ca?*(g) + 2 Cl(g)

—Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

Hint: Try to use the definition of lattice energy and Hess’s Law.

Now how do | connect Ca (s) + Cl, (g) to CaCl, (s)? Heat of formation!

S Ca2+(g) 40 Cl(g) :Just redrawing over here for space. Ca2+(g) + 0 Cl(g)
AHIE cate 2XAHEA,CI(g)
1alg
A T— Ca?*(g) + 2 Cl(g)
5: AHIEQ,Ca(g)
©
= —— Ca(g) +2 Cl(g)
Lﬁ AHgE ci,(g) U
Nt Ca(g) + Clx(g) cackls)
Pob cals Ca(s) + Cly(g) - -
AHf<,)CaCI2(s)

. A —Y __ CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

By Hess’s Law, we know we can then express the heat of formation as the sum of all these processes:

Just redrawing over here for space.

——— Ca**(g) + 2 Cl(g)

AHIE1,Ca(g)

+
5: AHIEQ,Ca(g)
@®
£ —— Ca(g) + 2 Cl(g)
Lﬁ AHBE,CIZ(g)

o Ca(s) + Cly(g) - == -

AHf<,)CaCI2(s)

2XAHEA,C|(g)

UCaCIz(s)

Ca?*(g) + 2 Cl(g)

T— Ca?*(g) + 2 Cl(g)

—< CaCl,(s)
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How to calculate lattice energy (U) of CaCIZ?

By Hess’s Law, we know we can then express the heat of formation as the sum of all these processes:

AHF — AHsub + AHBE + (AHIEl + AHIEZ) + ZXAHEA + U

Just redrawing over here for space.

Ca?*(g) + 2 Cl(g)

——— Ca**(g) + 2 Cl(g)

2xAH,
AHig ca(g) o — Ca**(g) + 2 Cl(g)
= a“*(g) + 9
5_» AHIEz,Ca(g)
©
< —— Ca(g) + 2 Cl(9g)
Lﬁ AHge 1 (g) U
iy Ca(g) + Cly(g) oack
02 L Ga(s) + Cly(g) - - -
AHf(,)CaCIz(s)

. A —Y __ CaCl,(s)
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Calculate the lattice energy (U) of CaCIZ?

Without going back to the previous slides can you actually solve for lattice energy if given:

k k k

AHI? [C&Clz (S)] = _79541’1’1_(])1 AHsub [Ca (S)] = 154m—(])1 AHBE [Clz (g)] = 240m—(1)1
k k k

AHyg,[Ca (9)] = 590—%  AHyg,[Ca (g)] = 1145 —  AHgp [Cl (g)] = —349 —0-

mol mol mol
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Calculate the lattice energy (U) of CaCIZ?

Without going back to the previous slides can you actually solve for lattice energy if given:

k] kj kj
AHI? [C&Clz (S)] = _79541’1’1_01 AHsub [Ca (S)] = 154m—01 AHBE [Clz (g)] = 240m—01
k] kj kj
AHgq[Ca (g)] = 590 ol AHg;[Ca (g)] = 1145m_01 AHgy [Cl (g)] = _349m_ol

AHP = AHgyp, + AHgg + (AHigq + AHpg,) + 2XAHga + U

K] K] K] K] K] K]
—7954—— =154 ——+ 240—— + <590— + 1145—) + 2% (—349 —) + U
mol mol mol mol mol mol

K]
U=-2226—
mol
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Calculate the lattice energy (U) of NaZO.

) k] k] k]
k k k]
AHig;[Na (g)] = 495m—il AHga1[0 (g)] = —141 m_(])l AHga, [0 (9)] =744 ——

Hint: Be careful with stoichiometry here!
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Calculate the lattice energy (U) of NaZO.

0 K] K] k]
k k K
Aies[Na ()] =495 1 Meaa[0 (9)] = ~141 1 Mg [0 (9)] = 744

1
AHP = 2XAHguy + 5 XAHgg + 2XAHig; + (AHgas + AHgay) + U

K] K] 1 K] K] K] K]
—416 —— = 2X (109 —) + =X (499 —) + 2X (495—) + (—141— + 744—) + +U
mol mol 2 mol mol mol mol
K]
U=-2477 —
mol

Hint: Be careful with stoichiometry here!



