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Sub strand

3.2- Thermo chemistry

Content Learning Outcome

-Define calorimetry and identify the two types of calorimeter
-Define standard heat of reaction, standard heat of formation and
standard heat of combustion.

-Perform calculations based on coffee-cup calorimeter.

Standard Heat of Reaction (AH®)

Standard heat of reaction is the enthalpy change
accompanying a reaction in which all the reactants
and products are at 25 °C or 298 K and pressure of

1 atm or 760 mmHg or 101.3 kPa and involving
moles specified by the coefficients of the
equation.

AHO (kJ) = Dprroducts = DHfreactants
Thermochemical Equations

It is a balanced stoichiometric chemical equation
that includes the enthalpy change and the specific
physical states of the reactants and products.

Example
Na(g) + 202¢g) » 2NOz() AH® = +33.8 kJ mol!

Standard Heat of Formation (AH®f)

It is the amount of heat absorbed or released
(enthalpy change) when 1 mole of a substance is
formed at 25 °C and 1 atm pressure from its

elements in their standard states.

Example: Standard Heat of Formation of
Water

H» @t 15 Oz(g) N H20(l) AH°f = -285 kJ mol™!
The formation of 1 mole of water (H20) from the
elements hydrogen and oxygen in their standard
states releases 285 kJ of energy.

Standard Heat of Combustion

It is the amount of heat released (enthalpy change)
when 1 mole of a substance is completely burned
in oxygen under standard conditions.

Example:
CHy(g) + 202(g) » COxz(g)+ 2H20;) AH°C = -890

kJ mol-!
The complete combustion of 1 mole of methane
(CH4) in excess oxygen gas releases 890 kJ of
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energy.

Hess’s Law

Hess’s law states that the change in enthalpy for
any particular reaction depends only on the nature
of the reactants and products and is independent
of the number of steps or the pathway taken. It can
be used to calculate the overall enthalpy change
for a chemical reaction.

Example
Ref: 2019

10.  Given below is the equation for the formation of ethanoic acid (CH;COOH).

2 + My + Oy —> CH;COOH;  AH® = -484 kI mol’!

Use Hess’s Law and the equations given below to show that the enthalpy
change (AH °) for the formation of ethanoic acid (CH;COOHp) 1s -484 kJ mol*.

L Cy + Oy ——>COyy AH* = -394k mol™

2 Hyg + 3 0xg ——>H0p AH*=-286 kI mol”

3. CH3COOHy + 20,9 ——> 200y +2H,0p  AH’=-876 kI mol*

(3 marks)

Answer:
1. 2Cy + }6@—» 2C0y) AH*=-788 kJ ] Eq.1 x2 (1 mark)

L 2Hyg + Oyp—> 2H507 AH®=-572kJ ] Eq. 2 x 2 (1 mark)
3. 2004 +2H07 —> CH;COOHy + 203, AH®=+876 kJ] Eq. 3 reversed (Imark)

20y + My + O —> CHCOOHy  AH'=-484kJ

(%A mark for each correct equation and its respective energy value)

Ref: 2018



(a)  Dinitrogen tetroxide (N>O4) can be used in space shuttle propellants.
The equation below shows the formation of dinitrogen tetroxide from
nitrogen dioxide (NO).

ZNOZ(g) > N304(g) AH=?

Use Hess’s Law and the equations below to calculate the enthalpy change
(AH”) for the formation of dinitrogen tetroxide.

1. NO](E) —> % N}(g) + Oz(g) AH =-44Kk]
2. Ny ——> Ny + 200y AH =-10k]
(3 marks)
Answer
1. 2NOzg — Nig + 10'«;(3)('/: mark) AH °=-88kJ ] Eq.1 x 2 (% mark)
2. N + 200 —> N204(g) (Y2 mark) AH*= +10KkJ ] Eq. 2 reversed (2 mark)
INOyy ——> NaOyg AH®= -78 kJ (1 mark)
3,2%,2,1%,1,%0r 0
Ref: 2017
(¢)  The standard enthalpy changes for the formation of aluminium(IIT) oxide and
iron(IT) oxide is given below.
L 2A1(s) + %02@ —_ AlQOg(;) AH® = -1676kJ
1L ZFe(s) + %Og(g) R —— FEQO3(S) AH® = -824k]
Use Hess’s Law and the thermochemical equations above to calculate the
Heat of Reaction (AH °) for the following reaction:
FE‘)O;(g) + ZAI(S) 3 A]gO;(g) + ZFE(S) AH® = 7
(3 marks)

Answer and Additional Notes
L. 2Al +320() — ALO3y AH=-1676 kJ (xmark) =+ EquationI- remains
Reversed unchanged
Fes03) — 2Fe + 320 (Y mark) | AH'=+824KJ (mark) & EquationII- reversed
Fe:03 9+ 24lg — AbOs g+ 2Feg  AH'=-852kJ (4 mark)

Exercise — Pg: 135

1. In aqueous solution, potassium hydroxide reacts with hydrochloric
acid as follows:
KOHpg + HClag - KClag + HaOg

In an experiment, 50 mL of 0.5 mol L1 solution of KOH was rapidly
mixed with 50 mL of 0.5 mol L1 HCl in a polystyrene foam beaker.

Results:

Initial temperature of KOH@aq = 19.6 °C
Initial temperature of HClagy = 19.6°C
Final temperature of mixture = 23.1°C

a. State with a reason, whether the reaction is exothermic or
endothermic.

b. Explain why the solutions were mixed rapidly.

c. Explain why a polystyrene foam beaker was used instead of a glass
beaker.

d. Calculate the enthalpy change of this reaction in kJ mol-!.
(Assume specific heat capacity of the solution is the same as that
of water, which is 4.18 J/g.°C).
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2. An experiment was carried out to measure the heat of solution of
hydrated magnesium sulphate.
The result of the experiment is recorded in the table below.

Mass of salt (g) 15.5
Mass of water (g) 100
Initial temperature (°C) 24

Final temperature (°C) 22.2

[M (MgSOa4g) = 120 g mol'l; M (MgS04.7H20) = 246 g mol]
Specific heat capacity of water = 4.18 J/g.°C.

a. Calculate the heat of solution of hydrated salt in kJ mol1.

b. Is the dissolving of hydrated magnesium sulphate an
endothermic or exothermic process?
c. Give a reason for your answer to part (b) above.

3. A group of students measured the heat of combustion of ethanol
using the equipment shown below,

Bq— Thermometer
Conical flask

Wick

Ethanol in bottle

The correct value for the heat of combustion of ethanol is 1.367
kJ mol-1. The students’ results show a heat of combustion of 0.254
kJ mol-!.

a. Provide a reason for the difference in the value.
b. Suggest one way of improving the set up for a more accurate
result.



: . 4. Consider the following enthalpy data:
Exercise — Pg: 140 g P
1. Consider the following enthalpy data: 7202 t+ Hzg — HaOpg AHe = -285.8 kJ mol!
. Cg  + Oz —  COgp AH° = -393.5 kJ mol~
AHce (Hag) = -282 kJ mol CH:OHj + 3,029 » CO2g + 2H0y  AH® = -726.6 kJ mol

= 086 1
AHer (HzOu) = -286 kJ mol Using the above information, calculate the heat of formation for

methanol.

i Explain fully what is meant by:
AH®%,; (Hz[g]) = -282 kJ mol-!

il. Account for the fact that the two values of AH°s (H2Op) and AH®:
(Hag) are equal.

iii. What are the standard conditions for thermochemical
measurements?

. . 6. Consider the following enthalpy data:
2. Consider the equations shown below: & P

S + S/ZOQ[EU — SOz AHe? = -395.2 kJ mol!
Hg + Fg - HFg AHe = -568 kJ 2802 + Ozg — 28O0sg AHo = -198.2 kJ mol-!
! 0= 3
Hg[g) - 2H[g] AHe = +436 kJ Calculate the enthalpy change for the formation of sulphur dioxide
HQ[g) + FQ[g) - 2HF|§] AHe=-221kJ and state whether it is an exothermic or endothermic reaction.

Show how the above equations can be manipulated to give AH® for
the reaction: Fay = 2Fp

7. Calculate the standard heat of reaction for the following reaction:
2NHsig + 3029 — 2NOzg + 2H2Og
Given the following values of standard heat of formation:

NHsg  AHor = -46 kJ mol!
NO2g AHes = +34 kJ mol-1
HoOg  AHor= -286 kJ mol?
Oz AHes = 0 kJ mol-!

3. Consider the equations shown below:

FesOsg + 3COg — 2Feq + 3COgq AH® =-26.74 kJ
COg + %035 — COgpy AHe = -283.0 kJ

Use the thermochemical equations given above to calculate the value
of AHe for the reaction: 2Fei + 1%202g — FeaOspy
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8. When brandy is poured on a Christmas pudding and ignited, a pale
blue flame is seen and the following reaction occurs:

CoHsOHpp + 302 — 2C02g + 3H20g

Given the following values of standard heat of formation, calculate
the heat of combustion of ethanol.

C2HsOHp AHet = -277 kJ mol?
CO2(g AHes = -393.5 kJ mol!
HoOg) AHes = -286 kJ mol!

5. Consider the following enthalpy data:

2Ce + Hag — CaHag AHe = +227 kJ mol!
Cig + Ozg — COgpg AHe = -393.5 kJ mol?
Hag + %02 — HaOgp AHe = -286 kJ mol!

Using the above information, calculate the standard enthalpy of
combustion of ethyne.
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