Energy and Enthalpy

OBJECTIVES:

1. Distinguish between energy, heat, and work.
2. Define the terms exothermic reaction, endothermic reaction, and standard enthalpy change of reaction.
3. State the relationship between temperature change, enthalpy change, and whether a reaction is exothermic or endothermic.
4. Deduce, from an enthalpy level diagram, the relative stabilities of reactants and products and the sign of the enthalpy change for the reaction.
5. Suggest suitable experimental procedures for measuring enthalpy changes of reactions in aqueous solutions.
Energy cooks the food you eat and propels the vehicles that transport you.  Electrical energy provides light and operates your computers and cell phones.  Energy helped manufacture and deliver every material and device in your home, including the clothes you wear.  Your every movement and thought requires energy.  In fact, you can think of each cell in your body as a miniature factory that runs on energy derived from the food you eat.  But what is energy and where does it come from?  

Energy is the ability to do work or produce heat and some say all of our energy initially comes from the sun.  It can be classified as being either potential (energy due to position or composition) or kinetic (energy due to motion). Temperature is the term used to explain how hot or cold an object is.  It is a calculation of the average kinetic energy of all the particles in the substance.  Heat is the transfer of energy between two objects due to a temperature difference and depends on the amounts of the substances.  Work is a force acting over a distance.  Energy can be transferred through heat and through work.  
The concept of energy

· the usual definition of energy: the ability to do work 

· work is moving an object against an opposing force 

· work = distance × opposing force 

· SI unit of work or energy: the joule (J) 

· two basic forms of energy 

· potential energy: energy of position 

· examples 

· boulder on a ledge 

· cations and anions 

· chemical bonds 

· kinetic energy: energy of motion 

· examples 

· pool balls 

· molecules 

· why is the concept of energy useful? 

· if something is isolated from everything else, its total energy never changes 

· this allows seemingly unrelated behaviors of the system to be connected 

· example: the pendulum 

· Two things energy is NOT 

· some sort of invisible fluid 
· something which can be measured directly
Thermal energy

· definition: energy due to chaotic molecular motions 

· three factors affecting thermal energy 

· temperature 

· higher temperature leads to higher thermal energy 

· sample size 

· a cup of hot coffee has more energy than a teaspoon of coffee, all other things being equal. 

· composition 

· E(solid) < E(liquid) < E(gas), all other things being equal 

· anything that changes temperature, sample size and/or composition of an object can change its thermal energy 

Heat

· definition: transfer of thermal energy due to a temperature difference 

· thermal energy isn't measurable, but heat is 

· Three factors affect how much heat an object absorbs or loses 

· mass of object 

· temperature change of object 

· final temperature - initial temperature 

· if there is no change in temperature, no heat flows 

· composition of object 

· specific heat: heat required to raise the temperature of 1 g of material by 1 K 

· different materials have different specific heats  

When a reaction produces heat, it is said to be exothermic (exo = out of).  Energy flows out of the system.  Reactions that absorb energy from the surroundings are said to be endothermic.  Energy flows into the system.  Where does the energy, released as heat, come from in an exothermic reaction?  It comes from the difference in potential energies between the products and the reactants.  The law of conservation of energy states that energy can be converted from one form to another but can neither be created nor destroyed.  In chemical reactions, energy is required to break the bonds in the reactants, and is given out when new bonds are formed in the products.  In an exothermic reaction, the bonds in the products are stronger than the bonds in the reactants.  In an endothermic reaction, heat is absorbed from the surroundings because the bonds in the reactants are stronger than the bonds in the products.
Calorimetry

The device used experimentally to determine the heat associated with a chemical reaction is called a calorimeter.  Calorimetry, the science of measuring heat, is based on observing the temperature change when a body absorbs or discharges energy as heat.  A known mass of water is placed in an insulated chamber in the calorimeter to absorb the energy released from the reacting system or to provide the energy absorbed by the system.  The data to be collected is the change in temperature of this mass of water.  
Enthalpy

· enthalpy change: heat absorbed or released by a process running at constant pressure 

· symbol: 
· note: enthalpy changes depend only on initial and final states, not on the route between them! 

· state function: a quantity that depends only on the present state (properties) of the system, not on the process used to arrive at that state. 

· enthalpy changes are slightly different from thermal energy changes 

· constant pressure processes must use a little energy to push back the atmosphere 

· enthalpy change is thermal energy change, minus work against atmosphere, for a constant pressure process 
·  for a chemical reaction, the enthalpy change is given by the following equation: ΔH = Hproducts - Hreactants
The internal energy stored in the reactants is knows as its enthalpy, H.  In an exothermic reaction, the reactants have more enthalpy than the products, resulting in a negative change in enthalpy (ΔH = Hproducts – Hreactants).  The products are more stable than the reactants.  Energy must be released in going to a more stable state.

Energy (Enthalpy) Level Diagrams 

Chemical energy
The chemical energy stored in the bonds in a substance gives us a measure of a chemical's energy level. The higher the energy level of a substance, the more chemical energy is stored in its bonds. The reactants and products in a chemical reaction usually have different energy levels, which are shown in a type of graph called an energy level diagram. The vertical axis on this diagram represents the energy level and the horizontal axis represents the progress of the reaction from reactants to products.
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Energy level diagrams for exothermic reactions
In an exothermic reaction, reactants have a higher energy level than the products. The difference between these two energy levels is the energy released to the surroundings in the reaction, and an energy level diagram shows this as a vertical drop from a higher to a lower level.

In an endothermic reaction, the reactants have less enthalpy than the products, resulting in a positive change in enthalpy (ΔH = Hproducts – Hreactants).  The reactants are more stable than the products.
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Energy level diagrams for endothermic reactions
In endothermic reactions the reactants have a lower energy level than the products. The difference between these two energy levels is the energy gained from the surroundings in the reaction, represented in an energy level diagram as a vertical jump from a lower to a higher level - the bigger the jump, the more energy is gained.

Usually some extra energy is needed to get the reaction to start. This is called the activation energy and is drawn in energy level diagrams as a hump. Catalysts reduce the activation energy needed for a reaction to happen - this lower activation energy is shown by the dotted red line in the diagram here.

Under STP, heat transferred is referred to as the standard enthalpy change of a reaction, ΔHӨ. 
Standard enthalpy

The standard enthalpy change of reaction (denoted HӨ) is the enthalpy change that occurs in a system when 1 equivalent of matter is transformed by a chemical reaction under standard conditions. 
A common standard enthalpy change is the standard enthalpy change of formation, which has been determined for a vast number of substances. The enthalpy change of any reaction under any conditions can be computed, given the standard enthalpy change of formation of all of the reactants and products. 

Standard Enthalpies of formation

· standard enthalpy of formation (ΔHf)

· the change in enthalpy that accompanies the formation of one mole of a compound from it’s elements with all substances in their standard states
· the standard state for a substance is a precisely defined reference state

· always given per mole of product in the standard state

 

o       ½N2(g)  +  O2(g)  →  NO2(g)                        
ΔHf = 34 kJ/mol

o       C(s)  +  2H2(g)  +  ½O2(g)  → CH3OH(l)       
ΔHf = -239 kJ/mol

Exothermic vs. Endothermic Reactions 

	Reaction type:
	exothermic
	endothermic

	heat is:
	released
	absorbed

	reaction vessel temperature:
	rises
	falls

	enthalpy change is
	negative
	positive

	net bond:
	formation
	breaking


