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3- Thermochemistry
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Thermochemistry is one of the principal applications of thermodynamics in chemistry.
Thermochemical data provide a way of assessing the heat output of (chemical
reactions, including those involved with the combustion of fuels and the consumption
of foods. The data are also used widely in other chemical. applications of

thermodynamics.
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Exothermic (Exenthalpic) process: AH < 0, at 1 atm.

Endothermic (Endenthalpic) process: AH >0, at 1 atm.
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3-1 Standard enthalpy changes
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An example of a standard enthalpy changeis the standard enthalpy of

vaporization, Avap AH®, which is the enthalpy change per mole of molecules when a pure
liquid at 1 bar vaporizes to a gas at 1 bar, as in:

H,0() —— H,0(g) DyapH® (373 k) = + 40.66 kJ mol™
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3-2 Typesrof eathalpy changes

3-2-1 EnthalpieSof Physical changes
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A- AiH®, standard enthalpy of transition.
B- AvapH®, standard enthalpy of vaporization.
C- AwsH®, standard enthalpy of fusion, the standard molar enthalpy change

accompanying the conversion of a solid to a liquid, as in

H,0(s) —— H,0()) ArusH® (273 k) = + 6.01 kJ mol ™!
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D- As.uHC, standard enthalpy of sublimation, for example, the conversion of a solid
to a vapour can be pictured either as occurring by sublimation (the direct
conversion from solid to vapour),

H,0(s) —— H,0(v) AgupH®

or as occurring in two steps, first fusion (melting) and then vaporization of the

resulting liquid:

H,0(s) —— H,0(]) ByusHC
H,0(l) —— H,0(g) ApapH®
Over all
H,0(s) —— H,0(v) AsupH® = ApysH® + Dy, H®
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Figure 3-14Conversation of solid to liquid, (sublimation) in one step or in two steps.
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AH®(A - B) =— AH®° (A < B)
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For instance, because the enthalpy of vaporization of water is +44 k) mol™ at 298 K,
the enthalpy of condensation of water vapour at that temperature is -44 kJ mol™.
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Figure 3-2: Change the signal of enthalpy because of the change in the direction of the process.

3-2-2 Enthalpies of chemical changes
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CH,(g) + 20,(g) =———CO,(g) + 2H,0(g) AH® = - 890.3 K] mol ™!
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For a reaction of the form 2 A+ B - 3 C + D the standard reaction enthalpy would be
AH® = (3H®,(C) + H® (D)} - {2H®  (A) + H® 1 (B)}
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AHE = Z nH®, — Z nH®,  SRE (3-1)

Products Reactants

Some standard reaction enthalpies have special names and significance. For instance,
the standard enthalpy of combustion, AcH®, is the standard reaction enthalpyfor the

complete oxidation of an organic compound to CO; gas and liquid H,O if the compound

contains C, H, and O, and to N2 gas if N is also present.

W Jlatl 3 e LS 555501 Gy 59 LA uli® (Sl ts5iomall o JUis

C¢H1204(s) + 60,(8) — 6C0,(g) + 6H,0(1) A.H®'=-2808 kJ mol™!
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Table 3-1: Standard enthalpies of formation and combustion‘ef organic compounds at 298 K

AH®/(kJ mol™) A_H®/(k] mol™) I
Benzene, C H,(1) +49.0 —3268
Ethane, C,H,(g) ~84.7 ~1560
Glucose, C.H,,0,(s) -1274 —2808
Methane, CH,(g) -74.8 —-890
Methanol, CH,;OH(l) —238.7 -721

3-3 Hess’s law
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Example 1: The combustion reaction is

9
C3He(9) +7 02(9) — 3C0,(g) + 3H,0(D AcH® =- 2058 k] mol™!

Calculate the standard enthalpy of combustion of propene.

CH, = CHCH;(g) + Hy(g) — CH3CH,CH5(g) A H® =124 'K mol !
CH3CH2CH3(g) + 502(9) — 3C02(g) + 4'H20(l) AcHe =-2220 k] mOl_l

1
H2(g) +502(9) — H,0() AyHS. =286 kJ mol™

Solution:

Joadl 3 doepgally Welad] ggame IS (o dLASIBILET (Say gl BLASL Lol Jeladl

:‘”;L"Jl
Table 3-2: Standard reaction enthalpies of propene dt 298,K.
A_H®/(k] mol™)
C;Hq(g) + H,(g) — CiH(g) ~124
C,Hi(g) +50,(g) = 3CO,(g) + 4H,0(1) —2220
H,O(l) — Hy(g).+ +0,(g) +286
C;Hy(g) + +0,(g) — 3CO,(g) + 3H,0() —-2058
Example 2:
2ZH,0() — 2H,(g) + 0,(g9) A H® = +572 kJ mol ™!
2) 2HF(g) — H,(g) + F2(9) A H® = +542 k] mol™!
Net)2F,(g) + 2H,0(l) — 4HF(g) + 0,(g) AH® =? kJ mol™!
Solution 2:
1) 2H,0(1) — 2H5(g) + 0,(g9) A H® = +572 k] mol ™!
2){ZH;(g) + 2F,(g) — 4HF(g)} X 2 A H® =—1084 k] mol™!
Net) 2F,(g) + 2H,0(l) — 4HF(g) + 0,(9) AH® =-512 kJ mol ™!
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Homework 2: Using enthalpy heats of reaction data available in the reaction 1 & 2, find

the AH® of the net reaction.

1) C (s, graphite) + 0,(g) — €0,(g) AH® =-393.5 kJ mol ™!
2) 2€0,(9) +2€0(g) — 0,(g) AH® =-566.0 k] mol™!
Net) 2C (s, graphite) + 0,(g) — 2C0(g) AH® =? kJ mol=!

34 Standard enthalpies of formation (A:H°)
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6C (s, graphite) 4 3H,(g) — CcHg (1) AsH® = +49.0 k] mol™!
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N,(g) — N:(9) AfH= =0
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Table 3-3: Standard enthalpies of formation of inorganic compounds at 298 K

AH®/(kJ mol™) I
H,0(1) ~285.83
H,0(g) —241.82
NH,(g) ~46.11
N,H, (1) +50.63
NO,(g) +33.18
N,O,(g) +9.16
NaCl(s) —411.15
KClI(s) —436.75

Table 3-4: Standard enthalpies of formation of organic compounds at 298 K

AH®/(k] mol™) l
CH,(g) ~74.81
C.H, () +49.0
C,H,,(1) ~156
CH,OH(l) ~238.66
CH,CH,OH(l) ~277.69

Example 3: Using enthalpy heats of formation data from your reference, find the AH®

of the following reaction.

4NH3(g)+ 50,(9) — 4NO(g) + 6H,0(g)

Solutioff 3:

AH® = ) mH°y— ) nH,, SRE (3-1)

Products Reactants

A-H® = [4A;H°(NO) + 6A;H°(H,0)] - [4A;H°(NH3) + 5A;H®(0,)]

AH® =-906 kJ
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Example 4:
1 1 o -1
1) 5 Hz(9) + 5 F2(9) — HF(g) ApH™ == 273 kj mol
2) S(s) + 3F(g9) — SF¢(9) AfH® =— 1220 k] mol™!
3) H,(g) + S(s) — H,S(g) AfH® =— 21 k] mol™!
Net) H,S(g) + 4F,(g) — 2HF(g) + SF¢(9) AfH® =? k] mol:!
Solution 4:

1 LSy Sl ¢y gSill (J3) 0ud Adyma o3 (yo9 NS 53190y sy oot -1

3)H,S(g) — Hzlg)+ SL5) AsHR = 21 kJ mol™?
1) Hxg3+ F,(g) — 2HF(g) X 2 AsH® 5~ 546 k] mol™!
2) $s3+ 3F,(g9) — SF¢(9) AfHS =— 1220 k] mol™!

Net) H,S(g) + 4F,(g) — 2HF(g) + SF¢(9) ApH® =— 1745 kJ mol™!

(homework 3):b WSy Jeladl QUS| Gl dlsyb pusind -2

AH® = Z nHS - Z nH®,,,SRE (3-1)

Products Reactants

Homework 4: Write reactions for the formation of (a) H.0 (b) CH4 (c) C2HsOH and (d)

NacCl.
a) ? ()P H,0(1) AfH® =7
b)?(?) ¥?7(?) — CH,(9) AsH® =?
€) 7(?) +7(?) — C,Hs0H(D) AsH® =7
d) A(M+?(?) — NacCl(s) AfH® =?

End of the 15t lecture of Chapter Three
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