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Chapter 17:Thermochemistry

• thermochemistry‐the study of energy changes that occur during 
chemical reactions or changes of state.

• heat (represented by 'q') is energy that transfers from one object to 
another because of a temperature difference between them.

Heat ALWAYS flows from a warmer object to a cooler one until the 
temperature is equalized.

• exothermic‐the 'system' loses heat as the surroundings heat up

• endothermic‐the 'system' gains heat as the surroundings cool down

Terms
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Units of Heat Measurement

Heat flow is measured in two common units, calorie or joule.

• calorie (cal) is defined as the quantity of heat (q) needed to raise 
the temperature of 1g of pure water 1ο C.

• 1 dietary Calorie, is equivalent to 1 kilocalorie, 1000 calories

• the joule is the SI unit

• 1 J of heat raises the temperature of water 0.239 ο C

∴ 1 J = 0.239 cal         4.184 J = 1 cal

Heat Capacity and Specific Heat
Heat Capacity = the amount of heat required to raise the 
temperature of an object exactly 1℃ 

Specific Heat Capacity (represented by C)
‐also called simply 'specific heat'
‐the amount of heat required to raise 1g of a substance exactly 1℃

p. 508
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Calculation of Specific Heat

ΔT = Tf ‐ Ti

Note!

Units are either

J
g℃

cal
g℃

Hwk p. 510
#3,4
#9‐11
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17.2‐Thermochemical Equations

• a thermochemical equation is simply a regular chemical equation that 
identifies the reactants and products, but includes the enthalpy change 
that occurs as a result of the reaction

• the terms 'heat' and 'enthalpy change' are used interchangeably

• this means that      

CaO + H2O(s)                Ca(OH)2(l) + 65.2kJ
Example 1:

q = ΔH ΔH

Heat of Reaction

ΔHrxn

Example 2:

2NaHCO3(s) + 129kJ                  Na2CO3(s) + H2O(g) + CO2(g)

ΔH

Heat of Reaction

ΔHrxn

ΔH for endothermic reactions is (+)

ΔH for exothermic reactions is (‐)
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2NaHCO3(s) + 129kJ                  Na2CO3(s) + H2O(g) + CO2(g)

2 moles of NaHCO3 
requires 129kJ of heat

2 moles NaHCO3 : 129kJ

∴ 2.24 moles NaHCO3 : x kJ

Cross Multiply

(2.24)(129) = 2x

∴
(2.24)(129)

2
x = = 144kJ
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17.3‐Heat In Changes of State
• All matter is made of tiny particles which are in constant motion.
• the temperature of a substance is a reflection of 'average' speed of the 

particles.
• heating the substance increases the average speed and therefore increases 

the temperature.
• Heat energy added to the system does NOT always increase the 

temperature, it simply increases the seperation between the particles, 
thereby changing them from solids to liquids or liquids to gases.

• Melting and evaporation are endothermic, since the system absorbds heat 
energy from the surroundings.

• the reverse, condensation or solidification, release heat to the 
surroundings, and therefore are exothermic.

Terms
Molar Heat of Vaporization ‐ the amount of heat needed for 1 mole of a 
substance to change from a liquid to a gas

ΔHvap

Molar Heat of Fusion ‐ the amount of heat released when 1 mole of a 
substance changes from a gas to a liquid.

ΔHfus
similar terms for:

heat of condensation ΔHcond and heat of solidification ΔHsolid

• each reverse process has the same heat value
• the heat of fusion (melting) is the same as the heat of solidification 

(freezing)
• the heat of vaporization (evaporation) is the same as the heat of 

condensation (condensing)

ΔHfus of water = 6.01kJ/mol
means that 6.01kJ of heat energy is needed to melt 1 mole of solid water 
to make 1 mol of liquid water AT THE SAME TEMPERATURE
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1 mole : 6.01kJ 
x mole : 2.25kJ ∴

(6.01) x  =  2.25 x = 2.25
6.01

= 0.374mol

     1 mole : 18g
0.37 mole : x g ∴ x = (0.374)(18) = 6.73g 

Heat of Vaporization and Condensation

• similar events occur when liquids change to gases and vice versa

p. 522
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p.521 

p.524 
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17.4‐Calculating Heats of Reaction and Hess's Law

• the addition of chemical equations yields a net chemical equation 
whose enthalpy change is the sum of the individual positive and 
negative enthalpy changes of each reaction

ΔHnet = ΔH1 + ΔH2 + ΔH3 + ... ΔHn

Standard Heats of Formation

• enthalpy changes that occur under 'standard' conditons are called 
'standard heats of formation'

• represented as ΔHf  

• defined as the enthalpy that accompanies the formation of 1 mole of a 
compound from its elements with all substances at standard state

• the ΔHf  of ALL elements is set to 0 kJ 

0

0

p. 530
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ΔHf
0

Reactants

= (‐110.5kJ/mole + 0kJ) X 2moles = ‐221kJ

Products

ΔHf
0

= (‐393.5kJ/mole X 2moles = ‐787kJ

A negative value for         makes sense.  This is a combustion reaction 
and the negative value indicates that heat is released, therefore it is an 
exothermic reaction.  

ΔH 0

(see Table17.4, p. 530)
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p. 531

+ p. 532, # 35,37
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