BORN-HABER

CYCLES




Metal ions, e's, non-metal atoms (g)

A
AH ionisation energy/ies AH electron affinity/ies
Gas atoms (g) y Gasions (g)
A
AH
atomisation(s)
Elements (std states) AH |attice energy
of formation
AH formation
v Ionic compound (s)

AH¢o mation = SUM of all other AH’s
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Cao

Ca2*(g) + 2e— + 0 (qg)

Caz+(g) + 02~ (g)
A

2nd electron

A

2nd jonisation of Ca

Cat(qg) + e + 0O(q)

A

1st ionisation of Ca

Ca(g) + O(g)

N

A

atomisation of O

Cai g ! + 1/202! g !

atomisation of Ca

Ca(s) + 20,(g)

\ 4

formation of CaO

affinity of O

1st electron
affinity of O

vCa’t(g) +e + 0~ (g)

Lattice formation of CaO

Cao (s) |
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Cao

Ca2*(g) + 2e— + 0 (g)

Ca2*(g) + 0%~ (g)
A

2nd electron

A .
2nd jonisation of Ca -142 affinity of O
1150 1st electron 844
! Ca*(q) + e + O(g) | affinity of O
590 1st jonisation of Ca Vca2+(g) +e +0- (g)
Ca(g) + O(9)
A
atomisation of O
248

Lattice formation of CaO

A
atomisation of Ca X
193
Ca(s) + 20,(qg)
—635 | formation of CaO
v Cao (s) v

~635 = 193 + 248 + 590 + 1150 — 142 + 844 + AH,. i
AH, o = — 635 — 193 — 248 — 590 — 1150 + 142 — 844

= — 3518 kJ mol-




MgBr,

Mg2+(g) + 2e~ + 2Br (g)
A

2nd jonisation of Mg

A_Mg’f(g) + e~ + 2Br(g)

2 x electron affinity of Br

Mg?+(g) 2Br- (g)

1st jonisation of Mg v

Mg(g) + 2Br(g)

2 x atomisation of Br

1 Ma(g) + Bry(l)

atomisation of Mg
| Mg(s) + Bry(l)

formation of MgBr,

v MgBr, (s)

N

Lattice formation of MgBr,

© www.chemsheets.co.uk

A2 1015

19-May-2016



MgBr,

Mg2+(g) + 2e~ + 2Br (g)

A 2nd jonisation of Mg 2 x electron affinity of Br
1450 2(-342)
Mg*(g) + e + 2Br(g)
1st jonisation of M v Mgz+(g) 2Br- (g)
736 J
Mg(g) + 2Br(g)
N
2 x atomisation of Br
2(112)
Aﬂg—(g) + BrZ(I) Lattice formation of MgBr,
150 atomisation of Mg _2394

| Mg(s) + Bry(l)
X | formation of MgBr,

v Mg Br, (S) v

AHormation = 150 + 2(112) + 736 + 1450 + 2(—342) —2394
AHeyrmation = — 518 kJ mol-1




KCI

418

121

90

K* (g) + e + Cl (g)

A
1st ionisation of K —364 1st electron affinity of CI
K(g) + Cl (9) v K (9) +CI' (9)
A
Atomisation of CI
K(s) + 2 Cl, (g) Lattice enthalpy
A —710 | of formation of
Atomisation of K Kel
K(s) + /2 Cl, (g)
Formation of KCI
v KCl (s) v

AH; maion =90 + 121 + 418 — 364 — 710 = - 445 kJ mol-’
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2Na+(g) + S?*(9)
A

2nd electron
— 1st electron affinity of S
A 2Na+(g) + 2e” + S(g) affinity of S 649
2(496) 2 x 1st jonisation of Na —-200
2Na(g) + S(9) 2Na*(g) + e~ +S(9)
N
atomisation of S
279 . )
2Na(g) + S(S) Lattice formation
N S of Nazs
2 x atomisation of Na az ?
2(107)
2Na(s) + S(s)
—370 formation of Na,S
Na,S(s) v

-370 = 2(107) + 279 + 2(496) — 200 + 649 + AH,,gic.
AH,4ice = — 370 — 2(107) — 279 — 2(496) + 200 — 649
= — 2304 kJ mol- © www.chemsheets.co.uk A2 1015 19-May-2016




CaBr,

Ca2*(g) + 2e~ + 2Br (g)

0 2nd jonisation of Ca 2 x electron affinity of Br
A 1150 2(-342)
H Cat(g) + e + 2Br
) (9) Ca2+(g) + 2Br—(9g)
1st jonisation of Ca v
590

Ca(g) + 2Br(g)

A

2 x atomisation of Br

Ca(g) + Bry(l)
A

atomisation of Ca

193 -2125
Ca(s) + Bry(l)

2(112)

Lattice formation of CaBr,

formation of CaBr,

v CaBr, (s) v

AH;o mation =193 + 2(112) + 590 + 1150 — 2(342) — 2125
= _652 kJ mol-1
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2AP*(g) + 6e” + 60(g) _

2(2740) 2 x 3" jonisation of Al
2AI12*(g) + 4e~ + 30(9g)
AN

2 x 2nd jonisation of Al

e 2A1*(g) + 2e— + 30(9g)
2(577) 2 x 1st jonisation of Al

2Al(g) + 30(g)

2(1820)

2AI13*(g) + 3027(g)

affinity of O
3(-142)

3 x 1st electron 3 x 2nd electron

affinity of O
3(844)

v 2AIP*(g) + 3e + 30(9g)

A

1 3 x atomisation of O Lattice formation of Al,O3
3(248) .
2Al(g) + 3/,0,(9) -
T 2 atomisation of Al AI203
2(314)
2Al(s) + 3/,05(9)
-1669 formation of Al,O3
Al,05(s) \

~1669 = 2(314) + 3(248) + 2(577) + 2(1820) + 2(2740) + 3(-142) + 3(844) + AH

AH = -1669 — 2(314) — 3(248) — 2(577) — 2(1820) — 2(2740) + 3(142) — 3(844)

= =15421 kJ mol!
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Cal,

Ca2*(g) + 2e~ + 2I (g)

A

2nd jonisation of Ca

Cat*(g) + e + 2I(qg)

1st jonisation of Ca

Ca(g) + 2I(g)

2 x atomisation of I

Ca(g) + I(s)
AN

atomisation of Ca

Ca(s) + I,(s)

A 1150

H

\ 4
590

N
2(107)

193

-535

formation of Cal,

) 4

2 x electron affinity of I

2 X
Caz+(g) + 21~ (9)

Cal, (s)

Lattice formation of Cal,

—2054

_535 = 193 + 2(107) + 590 + 1150 + 2X — 2054
2X = — 535 — 193 — 2(107) — 590 — 1150 + 2054

2X =-628 = =314 kJ mol-
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Cu®*(g) + 0°~«(9g)
A

Cu2+(g) + 2e- + 0(qg)
A 2nd electron
2nd jonisation of Cu 1st electron affinity of O
1960 affinity of O 844
e Cut(g) + e + O(q) -142
745 1st jonisation of Cu \” Cu2+(g) + e~ +O-(g)
Cu(s) + 0(g)
Aatomisation of O Lattice formation of CuO
248
Cu(g) + 20,(9) —4149

CuO

XT atomisation of Cu
Cu(s) + /20,(9g)

_1 ssl formation of CuO

CuO(s) v

-1585 = X+ 248 + 745 + 1960 — 142 + 844 — 4149
=—155-248 — 745 - 1960 + 142 — 844 + 4149
= + 339 kJ m0|-1 © www.chemsheets.co.uk A2 1015 19-May-2016




AC0+(g) + e~ + CI(g)

757

1st ionisation of Co

Co(g) + Cl(g)

N
121

atomisation of CI

Co(g) + /2Cl,(9g)

427 T

atomisation of Co

CO(S) + 1/2C|2(g)

X

formation of CoCl

1st electron affinity of CI

-364
v Co*(g) + CI~(g)

Lattice formation

COCI of CoCl

—-700

CoClI(s) v

AH¢omation =427 + 121 + 757 — 364 — 700

= + 241 kJ mol-
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A Co2+(g) + 2e~ + 2CI(g)

2nd jonisation of Co
1640
Co*(g) + e~ + 2CI(qg) 2 x 1st electron affinity of CI
r o - 2(-364)
757 1st ionisation of Co
Co(g) + 2Ci(g) \ Co2+(g) + 2Cl-(g)
AN
2 x atomisation of Ci
2(121)
Co(g) + Clx(9g) Lattice formation
of CoCl
427 T atomisation of Co COCIZ —26242
Co(s) + Cl,(g)
X formation of CoCl,

CoCl,(s) J

AH.. ..., =427 +2(121) + 757 + 1640 — 2(364) — 2624

- — 286 kJ m0|-1 © www.chemsheets.co.uk A2 1015 19-May-2016




Co3*(g) + 3e~ + 30(g)
A

3rd jonisation of Co
3230

3 x 1st electron affinity of CI
Co2+(qg) + 2e + 3CI
(9) (9) 3(_364)
2nd jonisation of Co
1640
| Co*(g) + e~ + 3Ci(g) v Co3*(g) + 3CI(g)

757 1st jonisation of Co
Co(g) + 3CI(g)
AN

3 x atomisation of CI Lattice formation of CoCl3
3(121) 2 5350
Co(g) + 3/2Clx(9g) -

427 T atomisation of Co COCI3

Co(s) + 3/>Clx(g)

X formation of CoCl;

CoCl;(s)

AHo mation =427 + 3(121) + 757 + 1640 + 3230 — 3(364) — 5350
= — 25 kJ mol-
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CoCl(s)

+241

cobalt(s) + chlorine (g)
-25 |, CoCls(s)

—286

¥ CoCly(s)

CoCl is unstable relative to the elements

CoCl;(s) and CoCl,(s) are stable relative to elements
CoCl,(s) is most stable form of cobalt chloride (and so most
likely to form when the elements react
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Agl

Ag* (g) + e +1(9g)

A
H 232 1st ionisation of Ag —314 1st electron affinity of I
Ag (9) + 1 (9) v Ag*(g9) +I (9)
A
107 Atomisation of I
Ag (s) + 21, (s) Lattice enthalpy
A ?| of formation of
- . Agl
Atomisation of Ag
289
Ag (s) + 21, (s)
—-62 Formation of AgI
\ 4 AgI (s) v

—62 = 289 + 107 + 732 — 314 + AH ¢
AH, = —289 — 107 — 732 + 314 — 62

=-876 kJ mol'1 © www.chemsheets.co.uk A2 1015 19-May-2016




