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Worksheet 6 Notes



1. Name some common forms of energy that you encounter in your daily life and how you sense them.

Heat energy is sensed by the skin.  The integumentary system is the chief carrier of temperature receptors by sheer volume and area.

Light energy is sensed by the eyes and the skin.  You can feel the rays of the sun on your skin and you can see them reflected off of objects during the day. 

2. What are the key differences between kinetic and potential energy?
Kinetic energy is energy associated with movement.  Potential energy is energy associated with position.  Something does not have to be moving to have potential energy.

3. What constitutes heat at an atomic level and what atomic phenomena are we sensing as temperature rises?

Heat constitutes a measure of atomic vibration.  We are sensing the increased energies of the vibrations of atoms when we sense temperature rising.

4.
Are these differences sensed differently for solids, liquids and gasses?

Does a 100˚ F gas feel differently than liquids or solids of the same temperature to you?
5.
Define Chemical energy and discuss its relationship to chemical reactions.

Chemical energy is the energy associated with the relative positions of electrons and nuclei in atoms and molecules.  It is often considered to be a potential energy, but may also be considered as a local gradient toward equilibrium conditions.

6.
What is the law of conservation of energy? 
The energy of the universe is constant.
7.
What is the key, derived SI unit for energy?  What is it derived from?  Please show the formula.
The joule is derived from the meter, the second, and the kilogram via the Newton as follows:
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8.
Fill in the following table for common energy units and how they relate to the Joule:

	Energy Unit
	Joules

	1eV (electron volt)
	1.6022 x 10-19 J

	1 calorie (cal)
	4.184 J(exact)

	1 Cal (Cal or kcal)
	4184 J

	1 kilowat-hour (kWh)
	3.60  106 J


9.
Which unit is used to describe the chemical energy contained within the food you eat?

American food is generally marked in Cal.  This means each unit is equivalent to 4184 J.

10.
Which unit is used to describe single-electron transfers, and why?

The electron volt is most commonly used at the atomic scale.  This comes from the definition of the electron volt:
The electron volt is the amount of energy created when an electron is subjected to a potential difference of one volt.

11.
Which previously-unlisted, further-derived unit is most beneficial for utilization in reactions using gram-sized (molar) quantities of reactants?
Kilojoules per mole (kJ/mol) will prove to be very useful in this class. 

12.
Define the term “state function.”

A state function is a function whose value depends only upon the state of the system, not how the system arrived at that state.  This allows for multiple methods of arriving at any given state.

Endothermic - a process or reaction in which the system absorbs energy from the surroundings in the form of heat.

Exothermic - a process or reaction in which the surroundings absorb energy from the system energy in the form of heat.

13.
Identify the following processes as endothermic or exothermic.  Explain.  Write out each change as a balanced chemical reaction, including phases (see first example).

(A)
Water boils
H2O (l) (  H2O (g)


Endothermic:
Heat is supplied to system.  Think of this process as boiling water in a pot on the stovetop.  You need to supply heat from the burner to the system (the water is the system).  Heat is entering the system.

(B)
Ice melts
H2O (s) (  H2O (l)


Endothermic:
Heat is supplied to system.  Think of this process as an ice cube melting in your hand.  The sensation you feel is cold.  Heat is being transferred from your hand to the system.  You need to supply heat from your hand to the system (the ice cube is the system).  Heat is entering the system.

(C)
Steam condenses
H2O (g) (  H2O (l)


Exothermic:
Heat is given off from the system.  Think of this process as steam from a kettle coming in contact with your hand.  The sensation you feel is hot (very hot...  steam burns are most uncomfortable due to the tremendous amount of energy given by the system).  Heat is being transferred from the steam condensing to your hand.  Heat is released from the system.

(D)
Water freezes

H2O (l) (  H2O (s)


Exothermic:
Heat is given off from the system.  Think of this process as placing water in the freezer and having it freeze into ice cubes.  Heat was removed from the system (the water) and transferred outside your freezer (this is what a freezer does—exchanges heat).  Heat is released from the system.

(E)
Alcohol boils
CH3CHOHCH3 (l) (  CH3CHOHCH3 (g)


(This happens to be rubbing alcohol—isopropyl alcohol).


Endothermic:
Heat is supplied to system.  Think of this process as rubbing alcohol smeared on a table.  It evaporates because heat is transferred from the table and the air to the system (the alcohol).  Heat is entering the system.

(F)
Combustion of methane (CH4) with diatomic oxygen


[Combustion is the burning in oxygen to produce carbon dioxide and water].


CH4 (g) + 2 O2 (g) → CO2 (g) + 2 H2O (g)


Exothermic:  Methane is a major component in natural gas.  We burn this and other hydrocarbon fuels (carbon and hydrogen containing compounds) for heat and energy.  Heat is released from the system.

(G)
Dissolution of ammonium nitrate in water (as demonstrated in lecture)


NH4NO3 (s) → NH4NO3 (aq)

Endothermic:
Heat is supplied to system.  When solid ammonium nitrate was placed in water and dissolved, the temperature of the water decreased.  Think of this process as heat being transferred from the surroundings (water, beaker, room) to the system (NH4NO3 (s) → NH4NO3 (aq)).  Heat is entering the system.

(H)
Detonation of dynamite


Exothermic:  Dynamite releases a tremendous amount of heat upon detonation and is used for heavy construction purposes.  Heat is released from the system.


[Dynamite is nitroglycerine in a silica medium].

(I)
Metabolism of glucose


[Glucose is the unit from which starch, cellulose and glycogen are made up.  Glucose is a ready source of energy.  It is oxidized (combusted) to produce carbon dioxide and water, releasing energy in the process.  However, unlike other hydrocarbon fuels, which are insoluble in water, the numerous OH groups in glucose allow it to readily hydrogen-bond with water molecules, so making it highly soluble in water.  This allows the glucose fuel to be transported easily within biological systems, for example in the bloodstream of animals or the sap of plants. An adult has 5-6 grams of glucose in the blood (about 1 teaspoon), which will supply the body's energy needs for only about 15 minutes, thereafter the levels must be replenished from compounds stored in the liver.  Because glucose is found in ripe fruits, the nectar of flowers, leaves, sap, and blood, it has been given various common names, such as starch sugar, blood sugar, grape sugar and corn sugar.].


C6H12O6 (g) + 6 O2 (g) → 6 CO2 (g) + 6 H2O (g)


Exothermic:  We burn this fuel and heat is released from the system.

14.
For each system below, give the signs (positive or negative) for w, q, and E:


E 
= 
q
+ 
w


Energy

heat

work

(A)
A system does 10 kJ of work and gives off 220 kJ of heat.


E = (-220 kJ) + (-10 kJ) = -230 kJ


The heat (-220 kJ) is negative because the system is giving off heat (exothermic).  The system now has 220 kJ less energy than it had before.


The work (-10 kJ) is negative because the system did work (it no longer has the ability to do that work—it give it away).


E is calculated to be negative (although a calculation was not needed—both the heat and work were negative leading to E being negative).

(B)
A system does 50 kJ of work and absorbs 65 kJ of heat.


E = (+65 kJ) + (-50 kJ) = +15 kJ


The heat (+65 kJ) is positive because the system is received heat (endothermic).  The system now has 65 kJ more energy than it had before.


The work (-50 kJ) is negative because the system did work (it no longer has the ability to do that work—it give it away).


E is calculated to be positive (the system gained energy overall because it gained a greater amount of heat than the work it output).

(C)
A system has 120 kJ of work done on it and gives off 50 kJ of heat.


E = (-50 kJ) + (+120 kJ) = +70 kJ


The heat (-50 kJ) is negative because the system is giving off heat (exothermic).  The system now has 50 kJ less energy than it had before.


The work (+120 kJ) is positive because the system received work (it now has the ability to do that work—it received work and can give it away later).


E is calculated to be positive (the system gained energy).

(D)
A system has 70 kJ of work done on it and gives off 85 kJ of heat.



E = (-85 kJ) + (+70 kJ) = -15 kJ


The heat (-85 kJ) is negative because the system is giving off heat (exothermic).  


The work (+70 kJ) is positive because the system received work (it now has the ability to do that work—it received work and can give it away later).


E is calculated to be negative (the system lost energy).

