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ENERGETICS – SUMMARY

Exothermic and Endothermic Process
Exothermic Endothermic

Heat given off, temperature increase
Energy level (enthalpy) of products lower than reactants

Heat absorbed, temperature decrease
Energy level (enthalpy) of products higher than reactants

Enthalpy Change
◦ Enthalpy (H) is a measure of the heat content of a system, absolute value of enthalpy of a 

substance cannot be measured. Usually only concerned with the enthalpy change that occurs 
in the process that has occurred, and this can be measured easily in an experiment. 

◦ Enthalpy change is defined as heat added to system under constant pressure. Unit is kJ mol−1

◦ Standard enthalpy change (ΔHθ) is one measured under std conditions (T = 25oC and P = 1 atm)
◦ state symbols of substances are always given in thermochemical equation, as ΔH is affected by 

physical states of substances
Δ  H Definitions  

ΔH Reactant Product Per mole 
of

Remarks

Formation, ΔHf Elements in 
standard states

Cpd Cpd +/-

Combustion, 
ΔHc

Substance + 
excess O2

Products of 
oxidation

Substance Usually -ve

Neutralisation, 
ΔHneu

Acid + base Salt + water Water Always -ve (form O-H bond)
For strong acid-strong base, ΔHneu always -57.3 kJmol-1 

as acid/base are fully dissociated and reaction is 
between H+ and OH- only. For weak acid/base, energy 
is needed to dissociate acid/base to release H+/OH- 

hence less exothermic

Atomisation 
(element), ΔHat

Element in 
standard state

Atoms(g) Atom Always +ve (bond breaking)

Atomisation 
(compound), 
ΔHat

Compound in 
standard state

atoms(g) Cpd Always +ve (bond breaking)

Bond 
dissociation 
energy, ΔHBE

Covalent bond atoms(g) Bond Always +ve (bond breaking)
BE in Data Booklet are average values hence not 
accurate

1st ionisation, 
ΔH1st IE

M(g) M+(g) + e- M(g) Always +ve (overcome attraction between nucleus 
and electron)

2nd ionisation, 
ΔH2nd IE

M+(g) M2+(g) + e- M+(g) Always +ve (overcome attraction between nucleus 
and electron)

1st electron 
affinity, ΔH1st EA

M(g) + e- M-(g) M(g) Usually -ve
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2nd electron 
affinity, ΔH2nd EA

M-(g) + e- M2-(g) M-(g) Always +ve (overcome repulsion between negative 
ion and electron)

Lattice energy, 
ΔHLE

Constituent 
ions(g)

Ionic cpd(s) Ionic cpd Always -ve (form ionic bond)

Hydration, ΔHhyd Ion (g) Ion (aq) ion(g) Always -ve (form ion-dipole interactions with water)

solution, ΔHsol Ionic cpd(s) + 
excess H2O

Ionic cpd 
(aq)

Ionic cpd(s) +/- 
depends on: ΔHsol = ΔHhyd - ΔHLE

Calorimetry
◦ ΔH of some reactions can be determined experimentally using a calorimeter by measuring the 

heat evolved or absorbed at constant pressure
◦ Assuming no heat loss to surroundings, heat evolved/absorbed (q) by the reaction is transferred 

to/from the solution and can be determined from equation

q = mwcΔT

where mw is mass of water in grams
c is specific heat capacity of water and given by 4.18 J g-1 K-1

ΔT is change in temperature in K or oC. Determined from either extrapolating the cooling curve 
or obtained directly from the thermometer reading 

◦ Hence, ΔH can be determined from equation

ΔH = +/- (q / nL )

where nL is no. of moles of limiting reagent

For reactions in aqueous 
solution.

Reaction occurs in calorimeter 
itself.

For combustion of organic compounds.
Reaction occurs in spirit burner.

Extrapolating cooling curve to determine 
change in temperature

Exercise 1
0.700 g of magnesium powder was added to 75.0 cm3 of 0.250 moldm−3 silver nitrate solution in a 
polystyrene cup. Initially, the temperature was 19.5°C but it rose to 27.2°C. Assuming that the density of the 
solution is 1.00 gcm−3, and its specific heat capacity is 4.18 Jg−1K−1, calculate the enthalpy change of the 
reaction: Mg(s) + 2Ag+

(aq)  Mg2+
(aq) + 2Ag(s)  [-257 kJmol-1]
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Hess' Law of Constant Heat Summation
◦ Not all enthalpy changes of reaction can be measured using calorimetry, and Hess’ law can be 

used to determine enthalpy changes that cannot be found by direct experiments.
◦ Hess’ law states that the change in enthalpy accompanying a reaction is independent on 

the pathways between the initial and final states. 
◦ An energy cycle or energy level diagram is used to determine the relationship between all 

reactions involved before using Hess' Law to solve for the unknown ΔH 
◦ For instance, to determine  ΔH of the reaction A + B  C + D with the following info:

A + B  E + F ΔH = -100 kJ mol-1
E + F  C + D ΔH = +200 kJ mol-1

Energy cycle Energy level diagram

By Hess Law,

ΔH = 

Exercise 2
Determine the enthalpy change of the reaction: C(s) + ½O2(g)  CO(g), 
given the enthalpy change of the following reactions:
C(s) + O2(g)  CO2(g), ∆H1 = −395 kJmol−1

 

CO(g) + ½O2(g)  CO2(g),  ∆H2 = −283 kJmol−1
 [-112kJ mol-1]

Exercise 3
Calculate the standard enthalpy change for the following reaction: SnO2(s) + 2CO(g)  Sn(s) + 2CO2(g)

Given that:
∆Hf θ (SnO2(s)) = −581 kJmol−1

∆Hf θ (CO(g)) = −111 kJmol−1

∆Hf θ (CO2(g)) = −394 kJmol−1 [+15 kJ mol-1]

Exercise 4
Ethanol reacts phosphorus(V) chloride according to the equation:
C2H5OH(l) + PCl5(s)  C2H5Cl(l) + POCl3(l) + HCl(g)

Calculate the standard enthalpy change of reaction, using the following data:
∆Hf θ (C2H5OH(l)) = −277 kJmol−1

∆Hf 
θ  (PCl5(s)) = −433 kJmol−1

∆Hf θ (C2H5Cl(l)) = −136 kJmol−1

∆Hf θ (POCl3(l)) = −597 kJmol−1

∆Hf θ (HCl(g)) = −92 kJmol−1 [-115 kJ mol-1]

Exercise 5
Calculate the standard enthalpy change of formation of propanol given the standard enthalpy change of 
combustion of the following:
∆Hc θ  (C3H7OH(l)) = −2010 kJmol−1

∆Hc θ  (C(s)) = −394 kJmol−1

∆Hc θ  (H2(g)) = −286 kJmol−1 [-316 kJ mol-1]
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Calculation involving average Bond Energies
◦ average bond energies can be used to estimate the enthalpy change of a reaction in which 

bonds are broken and new ones are made
◦ The enthalpy change of a reaction is thus the sum of the energy required to break bonds (+), 

and the total energy released from the bonds formed (−)

∆Hrxn = Σ ∆H (bond breaking) – Σ ∆H (bond forming)

Exercise 6
Calculate the enthalpy change of the following reaction based on the average bond energies in the data 
booklet. 
C2H6(g) + Cl2(g)  C2H5Cl(g) + HCl(g) [-117 kJ mol-1]

Exercise 7
Sulphur hexafluoride can be made by reacting sulphur tetrafluoride with fluorine in the gas phase:
SF4(g) + F2(g)  SF6(g) ∆H = −434 kJmol−1

By considering the bond broken and bonds formed during this reaction, calculate an average value for the 
S−F bond energy. [+296 kJmol−1]

Born-Haber Cycle (Ionic Compounds)
◦ technique for applying Hess’ law to the standard enthalpy changes which occur when an ionic 

compound is formed from its constituent elements. 
◦ The reaction can be considered to occur by the following steps: atomisation of the constituent 

elements, the transfer of electrons from metal to non-metal, and the assembling of the gaseous 
ions to form the ionic lattice, eg NaCl(s)
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◦ lattice energy determined from Born-Haber cycle is derived from experimental data. Lattice 
energy can also be calculated theoretically by assuming that a purely ionic compound is 
formed. Hence, deviation from the experimental will be large for ionic compound with high 
covalent character, eg cations with high charge density or anions with large electron clouds.

Exercise 8
Use the data below to calculate the standard lattice energy of sodium chloride.
Standard enthalpy change of formation of sodium chloride = −411 kJmol−1

Standard enthalpy change of atomisation of sodium = +108 kJmol−1

Standard enthalpy change of atomisation chlorine = +121 kJmol−1

1st ionisation energy of sodium = +494 kJmol−1

1st electron affinity of chlorine = −364 kJmol−1 [-770 kJmol−1]

Exercise 9
Given the following data, draw the Born-Haber cycle for CaF2, calculate the lattice energy of this compound. 
Standard enthalpy change of formation of calcium fluoride = −1220 kJmol−1

Standard enthalpy change of atomisation of calcium = +178 kJmol−1

1st ionisation energy of calcium = +590 kJmol−1

2nd ionisation energy of calcium = +1150 kJmol−1

Bond dissociation energy of fluorine = +158 kJmol−1

1st electron affinity of fluorine = −328 kJmol−1 [-2640 kJmol−1]

Dissolution of Ionic Compounds
◦ The dissolving of an ionic solid can be broken down into two steps

▪ energy is  absorbed to overcome the electrostatic attraction holding the ions in the 
ionic lattice together (lattice energy)

▪ energy is released as ion-dipole interactions are formed between the gaseous ions 
and the water molecules (hydration energy)

Energy cycle for Dissolution of NaCl(s) By Hess Law,

◦ If |ΔHhyd | > |ΔHlatt |, ΔHsoln is negative, energy released from ion-dipole attraction is enough to 
overcome ionic lattice, and salt is soluble. 

◦ If |ΔHhyd  | < |ΔHlatt |, ΔHsoln is positive, energy released from ion-dipole attraction is insufficient to 
overcome ionic lattice, and salt is insoluble. 

Exercise 10
Calculate the standard enthalpy change of solution of sodium chloride given the following values:
Standard lattice energy of NaCl = −787 kJmol−1

Standard enthalpy change of hydration of Na+
(g) = −406 kJmol−1

Standard enthalpy change of hydration of Cl−(g) = −377 kJmol−1 [+4 kJmol−1]
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Thermodynamics and Spontaneity
◦ Thermodynamics is the study of the interactions between matter and energy. In chemistry, it can 

be used in predicting the behaviours of chemical systems.
◦ Spontaneous changes are changes that have a natural tendency to occur.  A spontaneous 

process has a definite direction in which it occurs

Entropy (S) and Entropy Change (  ΔS)  
◦ Entropy (S) is a state function and it measures the degree of disorder in a system. 
◦ S increases when the matter or energy in the system becomes more random in its 

arrangement. A system that has a high degree of disorder / randomness is said to have a large 
entropy, eg
▪ Sgas  >>  Sliquid  >  Ssolid (for the same amount of substance)
▪ Sgraphite  >   Sdiamond  (diamond has more ordered  structure,  and graphite  has  delocalised 

electrons)
◦ Entropy Change (ΔS) is the difference in S between the initial and final states. Units J K-1 mol-1

◦ ΔS +ve means there is an increase in the disorder of the system as the reaction proceeds
◦ Changes that lead to increase in entropy (ΔS +ve) include:

▪ increase in temperature (particles with higher average KE hence more randomness)
▪ melting and boiling (greater degree of motion hence more randomness)
▪ increase  in  number  of  gaseous  molecules  in  a  reaction  (more  particles  hence  more 

randomness)
▪ mixing of substances (more particles hence more randomness)

Exercise 11
Which of the following has greater entropy?
a. 1 mol O2(g), 1 mol O2(l)
b. 2 mol H2(g), 1 mol He(g) at 25oC
c. 1 mol HCl(aq), 1 mol H2SO4(aq) at 25oC

Exercise 12
Predict if the change in entropy of the system (ΔS) is positive or negative for the following reactions.
a. Ag+(aq)  +  Cl–(aq)  →  AgCl(s)
b. CH2=CH2(g)  +  Cl2(g)  →  CH2Cl CH2Cl(l)
c. C2H6(g) + 3½ O2(g) → 2CO2(g) + 3H2O(l)
d. H2O(g)  →  H2O(l)

Change in Gibbs Fre  e Energy (ΔG)  
◦ ΔG is the limiting maximum useful work that can be obtained from a reaction, at constant 

pressure
◦ At standard state conditions, ΔGθ  =  ΔHθ  –  TΔSθ

▪ When ΔG < 0 , the reaction is feasible and spontaneous
▪ When ΔG > 0, the reaction is not feasible and not spontaneous
▪ When  ΔG = 0,  the reaction is  at equilibrium (reversible chemical reaction or change in 

phase)
◦ ΔHθ and ΔSθ are relatively constant over a small temperature range, Hence, given ΔHθ and ΔSθ 

at a given temperature, we can compute ΔGθ at the given temperature and estimate ΔGθ at 
another temperature

◦ From the signs of ΔHθ and ΔSθ, we can deduce the temperatures at which the reaction is 
feasible (ΔG < 0)
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Exercise 13
Consider the following 2 reactions

H2(g)  +  I2(s)  →  2HI(g) at 298K
H2(g)  +  I2(g)  →  2HI(g) at 500K

Given that ΔH298
θ  =  + 53.0 kJ mol−1 ΔH500  =  – 11.0 kJ mol−1

ΔS298
θ  =  + 166 J K−1 mol-1 ΔS500  =  + 18.0 J K−1 mol-1

Calculate ΔGθ at 298K and 500K. [+3.53 kJmol−1, -20.0 kJmol−1]

Exercise 14
For the following reaction SF4(g) + F2(g) → SF6(g) ΔH = −434 kJmol−1

(a) Deduce whether  ΔS is positive or negative
(b) Deduce whether the reaction is favoured at lower or higher temperatures
(c) If the magnitude of ΔS is determined to be 200 J K -1 mol-1, calculate the range of temperature at which the 
reaction is feasible [T < 2170K]

Kinetic Stability and Thermodynamic Stability
◦ In general, for a reaction to be spontaneous, it must be both kinetically and thermodynamically 

feasible
Low stability High stability

Kinetics Small activation energy, fast reaction, kinetically 
feasible

High activation energy, slow reaction, kinetically 
not feasible

Thermodynamics ΔG -ve or Ecell +ve, thermodynamically feasible ΔG +ve or Ecell -ve, thermodynamically not 
feasible
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