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Chemistry 101 

Chapter 10 

Energy 
 

Energy: the ability to do work or produce heat. 

 

Kinetic energy (KE): is the energy of motion. Any object that is moving has kinetic energy. 

Several forms of kinetic energy exist. The most important are mechanical energy, heat, light, 

and electrical energy. 

 

KE = ½ mν
2 m: mass ν: velocity 

 

Potential energy (PE): is stored energy. The potential energy possessed by an object arises 

from its capacity to move or to cause motion. Chemical energy and nuclear energy are 

examples of potential energy. 

 

Law of conservation of energy: energy can be neither created nor destroyed but one form of 

energy can be converted to another. The total amount of energy in any system does not 

change and the energy of universe is constant. 

 

Heat: Heat is a form of kinetic energy and it can be defined as flow of energy due to a 

temperature difference.  
 

 

 

The unit of heat is Calorie (cal): 

 

1 kcal = 1000 cal 

 

In SI, unit of heat is joule (J). Joule is defined as the amount of heat necessary to raise the 

temperature of 1g of liquid water by 1°C. 

 

1 cal = 4.184 J 

 

 

Amount of heat = specific heat (SH) × mass × change in temperature 

 

Amount of heat = SH × m × (T2 - T1) 
 

T1: initial temperature in °C 

T2: final temperature in °C 

m = mass in gram 

 
Specific heat (SH): is the amount of heat necessary to raise the temperature of 1g of any 

substance by 1°C. Each substance has its own specific heat (physical property). Unit of 

specific heat is cal/g °C. 
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Exothermic reaction: a chemical reaction that gives off heat. 

 

C(s) + O2(g) → CO2(g) + heat (energy) 

 

Note: All combustion reactions are exothermic. 

 

Endothermic reaction: a chemical reaction that absorbs heat (needs heat to accomplish). 

 

2HgO(s) + heat (energy) → 2Hg(l) + O2(g) 

 

 

 

Thermodynamics: the study of energy. 

 

Note: the first law of thermodynamics says the energy of the universe is constant (law of 

conservation of energy). 

 

Internal energy: the sum of the kinetic and potential energies of all particles in the system. 

The internal energy of a system can be changed by a flow of work, heat, or both. 

 

∆E = q + w 
 

∆ (“delta”) means a change in the function that follows. “q” represents heat and “w” 

represents work.  

 

Note: thermodynamic quantities always consist of two parts: a number, giving the magnitude 

of the change, and a sign, indicating the direction of flow. When a quantity of the energy 

flows into the system via heat (an endothermic process), q is equal to +x, where the positive 

sign indicates that the system’s energy is increasing. When energy flows out of the system via 

heat (an exothermic process), q is equal to –x, where the negative sign indicates that the 

system’s energy is decreasing. The same conventions apply to the flow of work (w): 

 

 

 

w is negative: the system does work on the surroundings (energy flows out of the system). 

w is positive: the surroundings do work on the system (energy flows into the system). 

 

Enthalpy (H): is the amount of heat (energy) content absorbed or produced in a system (or a 

reaction) at constant pressure. Enthalpy is usually expressed as the change in enthalpy (∆Hp): 
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∆Hp = heat 

 

Thus the enthalpy change for a reaction (that occurs at constant pressure) is the same as the 

heat for that reaction. 

 

Example: When 1 mole of methane (CH4) is burned at constant pressure, 890 kJ of energy is 

released as heat. Calculate ∆H for a process in which 5.8 g sample of methane is burned at 

constant pressure. 

q = ∆Hp = -890 kJ/mol CH4 

 

Note that the minus sign indicates an exothermic process. Now for 5.8 g sample of CH4: 

 

4

4

4

4 CH mol 0.36
CH g 16.0

CH mol 1
 CH g 5.8 =×  

 

kJ 320- 
CH mol

kJ 890-
 CH mol 0.36

4
4 =×  

 

Thus, when a 5.8 g sample of CH4 is burned at constant pressure: 

 

∆Hp = heat flow = -320 kJ 

 

Calorimeter: is a device used to determine the heat associated with a chemical reaction. The 

reaction is run in the calorimeter and the temperature change of the calorimeter is observed. 

Knowing the temperature change and the heat capacity of the calorimeter enables us to 

calculate the heat of the reaction and enthalpy. 
 

 

 

State function: is a property of the system that changes independently of its pathway. 

Enthalpy is a state function. 

 

Hess’s law: in going from a particular set of reactants to a particular set of products, the 

change of enthalpy is the same whether the reaction takes place in one step or in a series of 

steps. This is acceptable because enthalpy is a state function. 
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Two rules about enthalpy: 
 

1. If a reaction is reversed, the sign of ∆H is also reversed. 

 

 

 

2. If the coefficients in a balanced reaction are multiplied by an integer, the value of ∆H 

is multiplied by the same integer. 

 

 

 

Energy crisis: we use the “concentrated energy” (such as energy in the gasoline) to do work. 

This energy after the usage is converted to “spread energy” and it is not useful anymore. 

Therefore, the quality of the energy is lowered and we call it “heat death”.  

 

Fossil fuels:  

 

1. Petroleum: is a thick dark liquid composed mostly of compounds called 

“hydrocarbons” that contain carbon and hydrogen.   

2. Natural gas: Usually associated with petroleum deposits, consist mostly of methane 

(90 to 95%), but it also contains significant amounts of ethane, propane, and butane. 

3. Coal: was formed from the remains of plants that were buried and subjected to high 

pressure and heat over long periods of time. The main element in coal is carbon 

(between 70 to 92%), but is also contains hydrogen and oxygen. 

 
Greenhouse effect: the atmosphere, like window glass, is transparent to visible light but does 

not allow all infrared radiation from sun to pass back into space. Molecules in the atmosphere, 

principally H2O and CO2, strongly absorb infrared radiation and radiate it back toward the 

earth. In a way, the atmosphere acts like the glass of a greenhouse, causing the earth to be 

much warmer than it would be without its atmosphere. 

 

Driving forces: two reasons to occur a reaction in a particular direction:  

 

1. Energy spread: concentrated energy is dispersed widely. This always happens in 

every exothermic process. The energy that flows into the surroundings through heat 

increases the random motions of the molecules in the surroundings. 
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2. Matter spread: when the molecules of a substance are spread out and occupy a larger 

volume. For example, table salt dissolves in water spontaneously. This reaction in 

endothermic but because of matter spread it occurs. 

 

 

Entropy (S): is a measure of disorder and randomness. Entropy explains the natural tendency 

for the compounds of the universe to become disordered. As randomness increases, entropy 

increases. Solids have more order compared to liquids and gases, therefore, a lower value for 

S. 

 

Second law of thermodynamics: the entropy of the universe is always increasing and we run 

toward a disorder (heat death). Both energy spread and matter spread lead to greater entropy 

(greater disorder) in the universe. 

 

Energy spread: faster random motions of the molecules in surroundings. 

Matter spread: components of matter are dispersed and they occupy a larger volume. 

 

Spontaneous process: is one that occurs in nature without outside intervention and it happens 

on its own. A process is spontaneous only if the entropy of the universe increases as a result 

of the process. Dissolving is an example for the spontaneous process. 


