UNIT 3: 

ENERGY CHANGES and RATES OF REACTION

CHAPTER 5.1:CHANGES IN MATTER and ENERGY

Most physical changes, chemical reactions, and nuclear reactions are accompanied by changes in energy.  

The study of energy and energy transfer is known as thermodynamics.
If chemistry is study of matter and transformations, then thermochemistry is the study of the energy changes that accompany these changes.  Changes that occur in matter may be classified as physical, chemical or nuclear, depending on whether a change has occurred in the arrangements of the molecules, their electronic structure, or the nuclei of the atoms involved.

Heat and Energy Changes:

· Energy that is released to the surroundings as thermal energy is a form of kinetic energy.

· The law of conservation of energy states that total energy of the universe is constant.

· In other words, energy can be neither created not destroyed.

                     (Euniverse = 0

· Energy can, however, be transferred from one substance to another.

· It can also be converted into various forms.

· The system is defined as part of the universe that is being studied and observed.

· In a chemical reaction, the system is usually made up of the reactants and products.

· The surroundings are everything else in the universe.

· The two equations below show the relationship between the universe, a system, and the system’s surroundings:

               Universe =  System  +  Surroundings

            (Euniverse     =     (Esystem   +   (Esurroundings   =  0

· From the relationship, we know that any change in the system is accompanied by an equal and opposite change in the surroundings.

                        (Esystem    =   -   (Esurroundings   

· A chemical reaction that produces a gas in a solution in a beaker is described as an open system, since both energy and matter can flow into or out of the system.

· For a system that completely prevents energy from entering or leaving any system is considered a closed system (calorimeter).

Heat vs Temperature

       Heat:  (Q) refers to the transfer of kinetic energy.

            -heat is expressed in the same units as energy ( joules(J)

· heat is transferred spontaneously from a warmer object to a cooler object.

        Temperature: (T) is the measure of the average kinetic energy of the particles that make up a substance or system.

· a way of quantifying how hot or cold a substance is, relative to one another.

Temperature is measured in 0C or K.

The conversion: 

Temperature in K   =   Temperature in Celsius    +   273.15

Chemists define the total internal energy of a substance at a constant pressure as its enthalpy, H.
Chemists do not work with the absolute enthalpy of the reactants and products in a physical or chemical process.

Instead, they study the enthalpy change, (H, that accompanies a process.

That is, they study the relative enthalpy of the reactants and products in a system.

The enthalpy change of a process is equivalent to its heat change at constant pressure.

Enthalpy Changes in Chemical Reactions:

· in chemical reactions, enthalpy changes result from chemical bonds being broken and formed.

· Chemical bonds are sources of stored energy.

BREAKING BONDS IS A PROCESS THAT REQUIRES ENERGY.

CREATING BONDS IS A PROCESS THAT REQUIRES A RELEASE OF ENERGY.

· When a reaction results in a net absorption of energy, it is called an endothermic reaction.

· When a reaction results in a net release of energy, it is called an exothermic reaction.

Cool way to remember!!  LOOK BELOW!!

	REACTANTS
	PRODUCTS
	REACTION

	Bonds broken
	Bonds made
	Endothermic reaction: system absorbs energy

	Energy absorbed
	>   Energy released
	


	REACTANTS
	PRODUCTS
	REACTION

	Bonds broken
	Bonds made
	Exothermic reaction: system releases energy

	Energy absorbed
	<   Energy released
	


Measuring Energy Changes: Calorimetry

· How do chemists measure characteristic enthalpy changes in a process?

· To measure the enthalpy of a chemical or physical process, chemists insulate the system from the surroundings.

· The experimental technique is called calorimetry and it depends on careful measurements of masses and temperature changes.

· A calorimeter is used to measure enthalpy changes for chemical or physical reactions.

· A calorimeter works by insulating a system from its surroundings.

· By measuring the temperature change that is released or absorbed by the reaction.

For an exothermic reaction:

                   Qreaction  = -Qinsulated system
· To determine enthalpy changes in high school labs, a coffee-cup calorimeter provides fairly accurate results.

· Since a coffee-cup calorimeter is open to the atmosphere, it is also called a constant-pressure calorimeter.
· The calorimeter you use to determine enthalpy change should allow the reaction to be carried out at a constant pressure.

· In other words, it should be open to the atmosphere.

· Different substances vary in their ability to absorb amounts of heat.

· The three factors are: mass (m), temperature change ((T), and type of substance.

                              Q  =  m (T c

Q = heat in joules (J)        m = mass in grams        c = specific heat               capacity

· The specific heat capacity is the quantity of heat required to raise the temperature of a unit mass of a substance by one degree Celsius or one Kelvin.

· Unit used is:    J /g 0C

Observe example question page 301-302

Try these:

1. A sample of ethylene glycol, used in car radiators, has a mass of 34.8 g.  The sample liberates 783 J of heat.  The initial temperature of the sample is 22.10C.  What is the final temperature?

2. A sample of ethanol absorbs 23.4 kJ of energy.  The temperature of the sample increases from 5.60C to 19.80C.  What is the mass of the ethanol sample?  The specific heat capacity of ethanol is 2.46 J/g0C. 

3. What temperature change results from the loss of 255 kJ from a 10.0 kg sample of water?

Heat Transfer and Enthalpy Change:

· Chemical systems have many different forms of energy, both kinetic and potential.

· Researchers have not yet found a way to measure the sum of all these kinetic and potential energies of a system.

· For this reason chemists usually study the enthalpy change, or the energy absorbed from or released to the surroundings when a system changes from reactants to products.

· The symbol, (H, can be determined from the energy changes of the surroundings.

· Observe figure 6 page 303.

· We can observe enthalpy changes during phase changes, chemical reactions, or nuclear reactions.

· Observe table 2 page 304.

Observe the relationship between temperature and heat for a solid substance that melts and then vaporizes as heat is added to it.

· Chemists represent enthalpy changes associated with phase changes using modified (H symbols.

· The symbols used are:

(a) Enthalpy of vaporization, (Hvap  : the enthalpy change for the phase change from liquid to gas.

(b) Enthalpy of condensation, (Hcond  
(c) Enthalpy of melting, (Hmelt
(d) Enthalpy of freezing, (Hfre
The unit used for the enthalpies is kJ/mol.

Explain how hot and cold packs work. Be prepared to present your findings.

Energy and Nuclear Reactions:

· Nuclear reactions involve changes in the nuclei of atoms.

· These reactions often result in the transformation of one or more elements into one or more different elements.

· Nuclear reactions produce a significant amount of energy.

In nuclear reactions, a significant amount of mass of the reactants is actually converted into energy.

· Einstein’s equation is used to determine the huge amount of energy.

                       E  =  m c2

· The difference in mass between a nucleus and its nucleons is known as the mass defect.

· This mass defect is caused by the nuclear binding energy: the associated with the strong force that holds a nucleus together.
                    Nucleus  +  Nuclear binding energy  ( Nucleons

· The higher the binding energy of a nucleus, the more stable the nucleus is.

Nuclear Fission:

· Heavy nuclei split into lighter nuclei.

Observe reaction below involving a uranium atom undergoing a fission reaction in two different ways.

Nuclear Fusion:

· Two smaller nuclei fuse together to form a larger nucleus.

· This form of nuclear reaction is favoured over the fission reaction.

· The main product of fusion, helium, is relatively harmless compared with the radioactive products of fission.

· Unfortunately, fusion is proving more difficult than fission to harness.

· Fusion will not proceed at a reasonable rate without an enormous initial input of energy.

· Observe figure 7 page 304: comparing the changes in energy.

Observe the following table: Energy Changes

