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Honors Chemistry

Lecture 5-4a
Energy and Matter

Energy is defined as the capacity to do work.  _____ is done when a force is applied to an object causing the object to move.  The SI unit of energy and work is the joule (J).

Energy has two basic forms: kinetic and potential. Particles of matter may possess ________ energy because of their motion.  The kinetic energy depends on the mass and speed of the object. __________ energy is due to the positions of particles relative to each other. Potential energy increases when an object or particle moves against its natural inclination.  If you walk up the stairs your gravitational potential energy increases.  If a positive particle is pulled away from a negative particle, the electrical potential energy of the particles increases.  If you stretch a rubber band, you increase the elastic potential energy. The energy stored in the particles (atoms, ions, or molecules) of a substance is called chemical potential energy.   Gasoline has a high chemical potential energy. 
_____ is the energy that is transferred from one object to another because of a difference in temperature.  Heat flows from objects at higher temperatures to objects at lower temperatures.  Heat energy is measured in joules or calories (4.18J=1calorie).  _______________ is a measure of the average kinetic energy of the particles of a substance.  Temperature does NOT measure how much heat is “in” a substance!  The temperature of a drop of boiling water is greater than the temperature of the Atlantic Ocean but obviously more heat is required to raise the temperature of the Atlantic Ocean to its temperature value than is required to boil a drop of water.  The SI unit of temperature is the _______.  A temperature of 0 K represents the coldest possible temperature (absolute zero).  In our lab all thermometers are marked in Celsius degrees.  The formula below is used to make conversions between the Celsius and Kelvin temperature scales.
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Using this formula we can see that if K=0, then absolute zero must equal -273 °C!  At this temperature the motion of the particles of a substance ceases.

Thermochemistry is concerned with the heat changes that occur during physical or chemical changes.  In studying heat changes, it is useful to define the system as that part of the universe on which you focus your attention.  The system might be a cup of hot water, a tank of gasoline, or a piece of cake.  The surroundings include everything else in the universe.  During physical and chemical changes, heat can flow from the chemical system into the surroundings.  When this occurs, we classify the change as an _____________ change.  It is also possible for heat to flow from the surroundings into the system.  In this case we say an ______________ change has taken place.  The diagram below shows the direction of heat flow for both endothermic (left) and exothermic changes (right).
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The law of conservation of energy states that energy cannot be created or destroyed.  If the system loses energy, the surroundings must gain the same amount of energy.  All of the energy involved in a process can be accounted for as work, stored energy, or heat.

How do we actually measure energy?  Since most physical and chemical changes we will be studying involve the release or absorption of heat, we are most interested in how heat energy will be measured.  Since heat is not a basic measurement, we do not actually measure heat energy.  What we actually measure is the effects of heat flow!  In our next lab we will measure heat flow using a calorimeter (Styrofoam cup).  The calorimeter will contain water.  The water will act as the surroundings.  We will assume that the calorimeter is perfectly insulated so that heat cannot flow into the table top.  When our chemical system is added to the water in the calorimeter, we can study the heat flow by monitoring the temperature of the water.  If an exothermic change takes place, the temperature of the water will increase.  If an endothermic change takes place, the temperature of the water will decrease.  The change in the temperature (ΔT) of the water will be directly related to the amount of heat transferred.  If we use the symbol “q” for heat, then we can write the following proportion.
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Since we are looking at a change in temperature, we can use Celsius or Kelvin units since the size of a Celsius degree and a Kelvin are identical.

What other factors will determine the size of the temperature change?  It should be obvious that the mass (amount) of water in the calorimeter will affect the change in temperature.  This should be an inverse relationship since the larger the amount of water in the cup, the smaller the change in temperature.  We thus can write
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Combining these two ideas yields the following
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This implies that 
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To make this proportion into an equation we will need to find the proportionality constant.  This constant will depend upon the nature of the substance absorbing the heat.  This constant is called the ______________________ and is given the symbol “c”.  The units for c must be calories/ (gram) K or joules/ (gram) K so that the equation will be dimensionally correct. In our next lab we will determine the specific heat capacity of aluminum metal.
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This is one of the most important equations we will use this year.  Make sure you have a thorough understanding of each term, its units, and how to manipulate the equation to solve for any of the variables.

A word about sign conventions before we proceed.  If the temperature of the surroundings increases (the final temperature is greater than the initial temperature), then heat must have flowed into the surroundings from the system.  This means that q would be positive for the surroundings so q would be negative for the system.  As chemists we are interested in the changes in the system.  The algebraic sign for q in this case will be negative because the system LOST energy.  
The algebraic signs of q for the system and surroundings will always be opposite because of the law of conservation of energy. 
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In like manner, if the temperature of the surroundings decreases, heat must flow into the system and therefore the energy of the system will increase.  In this case q is negative for the surroundings so q is positive for the system.  Just remember that chemists always use the system as the point of reference. 
Honors Chemistry
                        Name_____________________________

HW 5-4a                                               Period _______ Date_______________________

Energy and Matter

Grade _______/10

1. What happens to the potential energy when a negative particle and positive particle approach each other?

2. Explain the relationship between heat and temperature.

3. Convert the normal boiling point of water (100.°C) to Kelvin.

4. Explain the difference between an endothermic and exothermic process.

5. What is the law of conservation of energy?

6. Identify each quantity in the equation below.
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7. Give the SI unit for each quantity in the equation above.

8. Calculate the amount of heat in calories needed to heat 20.0 g of water from 25.0 ° to 40.0 °C if the specific heat capacity of water is 1.00 cal/gC.

9.  Calculate the amount of heat in joules that must be removed from 50.0 g of iron to reduce the temperature from 250.0 K to -100.0 K if the specific heat capacity of iron is

 0.46 J/gK.

10. Distinguish between the system and the surroundings when discussing heat flow.
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