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Sequence 12 
Chemical energy 

 

ACTIVITY 1: Hess’s Law 

 
 

 
 

 Fiche de synthèse mobilisée (collection en français) :  

• Fiche n°12 : énergie chimique  

 Sommaire des activités ETLV:  

– ACTIVITY 1: Hess’s Law 

– ACTIVITY 2: Getting us back to the Moon 
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Ac i i é  de la é e ce  
I age  d ée  a  le  le ille  c e ge e  

 

ACTIVITÉ 1 :  modélisation de quelques systèmes optiques simples 

Partie 1 : questions préliminaires 

1. Vous connaissez tous des systèmes imageurs simples tels que le vidéoprojecteur ou l appa eil pho o  A ocie  

à chacun de ces systèmes imageurs une des fonctions suivantes : 

– donne  ne image ag andie d n obje   n éc an   

– donne  ne image éd i e d n obje   n cap e  

Partie 2 : manipulations 

2. Réaliser le montage ci-dessus sur le banc d'optique. 

 

Déplace  l éc an de maniè e à ce il ec eille l image  Déc i e l image ob en e po i ion pa  appo  à la 

lentille, grandeur, sens) en complétant le tableau ci-dessous. 

3. Modifier le montage en plaçant la lentille a une distance 𝑑2 40 cm  de l'objet, puis à une distance 𝑑3

7,5 cm . Noter dans le tableau les caractéristiques des images observées i c e  po ible  

Tableau récapitulatif des résultats : 

 Vi ible  n éc an 
o i  non  

Po i ion de l image 

di ance 𝑂𝐴′ 
Taille de l image 𝐴′𝐵′ 

Sen  de l image 
d oi e  en e ée  

𝑑1    cm     

𝑑2    cm     

𝑑3    cm     

 
Fiches de synthèse mobilisées :  
– Fiche n°4 : len ille  con e gen e  e  modèle op i e de l œil 

– Fiche n°5 : la relation de conjugaison des lentilles 

 
Sommaire des activités : 
ACTIVITÉ 1 : modélisation de quelques systèmes optiques simples 1 
ACTIVITÉ 2 : Validation expérimentale de la relation de conjugaison 2 
ACTIVITÉ 3 : mesures de distances focales 3 
ACTIVITÉ 4 : des images qui ne sont pas réelles 5 
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DOCUMENT 1: Standard molar enthalpy of formation 
 
“Standard molar enthalpy of formation is defined as the enthalpy change when one mole of a compound 
is formed from its constituent elements under standard conditions (pressure: 1 bar; temperature: 298 K), 
with all reactants and products in their standard states.” 
ΔfH°(CO2 (g)) = - 394 kJ.mol-1 
ΔfH° (H2O(g)) = - 242 kJ.mol-1 
ΔfH° (iso-butane (g)) = - 134.5 kJ.mol-1 

Note that: 
ΔfH°(O2 (g)) = 0 kJ.mol-1 

 
 
 
 

DOCUMENT 2: Standard molar enthalpy of combustion 
 
“Standard molar enthalpy of combustion is defined as the enthalpy change when one mole of a 
compound is completely burned in excess oxygen under standard conditions (pressure: 1 bar; 
temperature: 298 K), all reactants and products in their standard states.” 
 
ΔH°comb (C (s)) = - 394 kJ.mol-1 
ΔH°comb (H2(g)) = - 285.8 kJ.mol-1 
ΔH°comb (éthanol(l)) = - 1367 kJ.mol-1 
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1. Why is it unwise to use a camping stove inside a tent? 

2. The standard molar enthalpy of formation of iso-butane is -134.5 kJ.mol-1. Write a chemical equation 

for the reaction to which this enthalpy change applies. 

3. In a camping stove, the iso-butane undergoes combustion. Write a chemical equation to describe the 

enthalpy change of combustion of iso-butane in excess oxygen. 

4. Using documents 1, 2 and 3, calculate the standard enthalpy of the overall reaction of combustion for 

iso-butane: ∆H°comb(iso-butane (g)). 

5. Write a chemical equation to describe the enthalpy change of combustion of ethanol in excess oxygen 

if ethanol is used in the camping stove instead of butane. 

6. Using documents 2 and 3, compute the standard molar enthalpy of formation for ethanol: 

∆fH°(ethanol(l)). 

 

DOCUMENT 3: Hess’ Law 
 
Two methods can be used to determine the amount of heat involved in a chemical change: one can 
measure it experimentally, or calculate it from other experimentally determined enthalpy changes. This 
last method involves the use of Hess’s law which states: “If a process can be written as the sum of several 
stepwise processes, the enthalpy change of the total process equals the sum of the enthalpy changes of 
the various steps.” 

𝛥𝐻°𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛  =  𝛴 𝑏 ∗ 𝛥𝐻°𝑓(𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑠)–  𝛴 𝑎 ∗ 𝛥𝐻°𝑓(𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡𝑠) 

with a and b standing for the stoichiometric coefficients: a for the reactants and b for the products 

 

 
DOCUMENT 4: Let’s camp! 
 
If you are camping this summer, you might need a camping stove in order to cook. Fuel camping stoves 
are lightweight stoves that burn liquid fuel such as butane, petrol or methylated spirits which is 
predominantly ethanol with additives. How can we use Hess’ law to investigate the energetics of the 
processes involved? 

 
Source : Wikimedia commons 
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ΔH(1)    

ΔH(1) 

ACTIVITY 2: Getting us back to the moon 

 
 

 
 

1. According to the chemical equation (1) written in document 1, identify the state (gas, liquid or solid) 

of each reactant and of water produced. 

The enthalpy change of the reaction of liquid hydrogen and oxygen (document 1) in the core stage rocket 

can be estimated using Hess’ Law by combining several other known enthalpy changes (document 2). 

2. For each step in the energy cycle below, work out the formula and the numerical value of the enthalpy 

change using the enthalpies given in document 2.    

        

H2 (l) + 
1

2
  O2 (l)           H2O(g) (1) 

 

 

 

                                                                              H2 (g) + 
1

2
  O2 (g)          H2O(l) (2) 

 

Using Hess’ Law, explain that the enthalpy change for the core stage fuel reaction is ΔH(1) = - 241 

kJ.mol-1.  

 

 

 

DOCUMENT 1: Back to the moon 
 
With the Artemis campaign, NASA will send a piloted spacecraft to the Moon, using innovative 
technologies to explore more of the lunar surface than ever before. The four rocket engines of the main 
core stage will be powered by over 2500 m3 of liquified hydrogen and oxygen. The engines will produce a 
total of 3.9 x 10 7 N of thrust, making it the largest rocket ever built. The reaction which takes place at the 
core stage is: 

H2 (l) + 
1

2
  O2 (l)           H2O(g) (1) 

M(H) = 1.0 g.mol-1 

M(O) = 16.0 g.mol-1 

Density (H2 (l)): 0.0709 g.cm-3 

Density (O2 (l)): 1.14 g.cm-3 

 

 

 

 
 
 
 

DOCUMENT 2: Standard molar enthalpy of combustion and enthalpy change of vaporisation 
 
“Standard molar enthalpy of combustion is defined as the enthalpy change when one mole of a 
compound is completely burned in excess oxygen under standard conditions (pressure: 1 bar; 
temperature: 298 K), all reactants and products in their standard states.” 
“The enthalpy of vaporisation is the amount of energy needed for one mole of a liquid to become a gas” 

 
ΔH°comb (H2(g)) = - 285.8 kJ.mol-1 

Enthalpy change of vaporisation of hydrogen:  ΔHvaporisation(H2) = 0.9 kJ.mol-1 

Enthalpy change of vaporisation of oxygen: ΔHvaporisation (O2) = 6.8 kJ.mol-1 

Enthalpy change of vaporisation of water: ΔHvaporisation (H2O) = 40.7 kJ.mol-1 
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This enthalpy change is calculated for the combustion of 1 mole of liquid hydrogen with 0.5 mole of 

liquid oxygen according to equation (1). 

3. Using the following method, we aim to work out the amount of energy produced by the 

hydrogen/oxygen mixture in the rocket: 

a. Calculate the volume of 1 mole of liquid hydrogen. 

b. Calculate the volume of 0.5 mole of liquid oxygen. 

c. Deduce the total volume of hydrogen/oxygen mixture needed for the combustion of 1 mole 

of hydrogen. 

This total volume produces 241 kJ. 

d. According to question 4.c, calculate the amount of energy produced by 2500 m3 of the 

hydrogen/oxygen mixture that is used in the core stage rocket.  
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Activity summary 

What you must remember: 
 
- balancing equations 

- state symbols 

- standard molar enthalpy of formation 

- standard molar enthalpy of combustion 

- enthalpy change of vaporisation 

- Hess’ law 

 
standard molar 

enthalpy of formation 
enthalpie molaire 

standard de formation 

 camping stove 
 

réchaud 
 

thrust force de poussée  density masse volumique 

core stage étage principal    

 
Skills linked to the curriculum: 

 

Compétences Capacités à maîtriser Où dans cette séquence ? 

APP 
Utiliser du vocabulaire spécifique Activités 1 et 2 

Lire et comprendre des documents scientifiques Activité 1  

ANA 
Mettre en lien des documents pour émettre des 
hypothèses en réponse à une question scientifique 

Activités 1 et 2  

COM S’exprimer à l’écrit en utilisant le vocabulaire adapté Activités 1 et 2 

REA 

• enthalpie standard de formation 

• enthalpie standard de réaction de 

combustion 

• enthalpie de changement d’état 

• loi de Hess 

Activités 1 et 2  
 

 


