Thermodynamics
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Energy cannot be created or destroyed; it
can only change forms (the first law).
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                                   Heat                                       Movement

Thermodynamics is the study of the movement of heat and energy transformations in systems.

Energy: - the capacity to do work or produce heat

             - unit: Joules

2 Kinds of Energy
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              Kinetic Energy
        Potential Energy
           -energy of motion                                               -stored energy

                                                                                    For Chemistry: stored in  

                                                                                chemical bonds of compounds

              K.E. = 1 mv2                                                      (covalent/ionic)

                         2

First Law of Thermodynamics
The amount of energy in the universe is constant, energy is neither created nor destroyed.  This is also known as the law of the conservation of energy.
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Conservation of energy principle for the
human body.




Second Law of Thermodynamics
Energy will flow from a higher energy system or surroundings to a lower energy system or surroundings, until both the system and the surroundings reach equilibrium.
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Heat flows in the direction of decreasing
temperature.




Heat vs Temperature (REVIEW)
	Heat       
	Temperature

	· form of energy

· amount of energy transferred from one object to another in a system (reaction)

· amount of kinetic (motion) and potential (stored) energy 

· Joules

· Depends on motion, number of particles and their type
	-   measure of average kinetic energy 

    of particles

-   measure of only kinetic (motion)

-   °C or K

-   does not depend on number  

    particles or type

-   fast molecules = high temperature

-   slow molecules = low temperature


Things to think about:

1) Iceberg vs Tea cup of boiling water.  Which contains more heat?

2) When someone asks you how hot it is outside and you tell them the temperature, you are not answering the question, why?

3) Coldness/Cooling down does not exist. Why?

Calorimetry and Heat Transfer (REVIEW)
Calorimetry:  The measurement or study of changes in heat as a result of physical or chemical changes during an experiment.

A calorimeter is a well-insulated container which can be used to measure the temperature of a substance before and after a chemical or physical change occurs.  In the lab we use Styrofoam cups to contain the heat (coffee cup = low budget calorimeter).
To carry out more complex chemical reactions we generally use a ‘bomb’ calorimeter in order to make these measurements.
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When the calorimeter is filled with a known volume of water then it is possible to determine how much heat is transferred from a hot object or that is transferred from a chemical reaction.

Specific heat capacity:  The amount of energy, in the form of heat, that must be added or removed from a given mass to change its temperature by 1°C.

Ex.  For water, 4.19 J/g°C 

       For iron, 0.454 J/g°C

Looking at the Heat Capacity lab results:

What do you notice about the temperature changes for the metals versus the temperature changes for water?

Why is this helpful in cookware (pots and pans)?

For all calorimetry calculations we use:

Q = m c ΔT

                    Heat (Joules)    mass (g)    Specific Heat (J/g°C)     Change in  

                                                                                                   Temperature (°C)

Heat Transfer
Heat Energy:  The energy that flows between two bodies due to differences in temperature.
What if 2 bodies (systems) were at the same temperature next to one another?

What do you do when someone is suffering from hypothermia?
What happens when you pick up a snowball?

Three Methods of Heat Transfer:
1) Conduction:  The transfer of heat between 2 bodies (in contact) due to successive molecular collisions.  
Best conductors – metals, molecules are packed close together

Worst conductors – gases, because of loose attractions between their particles
2) Convection:  This only works for fluids, so gases and liquids.  It involves the movement of the heated material (air, water, other).

Example 1:  When heated air rises, this is an example of natural convection.  Hot air has a lower density than the cooler air above it, and therefore it rises.  As it rises, it loses energy and cools.  This cooled air, now denser than the air around it, sinks again, creating a repeating cycle that generates wind.

Example 2:  Wind Chill Factor - An example of convection
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3) Last one, not telling yet, first think: outer space is cold, how do the sun’s rays warm the earth?

Heat Transfer Example Calculations   -Q = Q

Ex 1. 

A metal has been heated to a temperature of 93°C, it is then placed in 100 mL of water with a temperature of 16°C.  The final temperature is 18°C, what is the specific heat capacity of the metal if it’s mass is 29 g?

Ex 2. 

An iron horseshoe ( c = 0.454 J/g°C) which has a mass of 225 g is heated to 110°C in a fire.  When the horseshoe is placed in 800 mL of water, the water reaches a final temperature of 26°C.  What was the initial temperature of the water?

Ex 3.

You are at Chemistry camp and you get up at night to go to a high tech outhouse which has a stainless steel toilet seat.   You sit down and cringe because the stainless steel seat is painfully cold. 
The temperature of the stainless is the same as the temperature outside, 10 °C the temperature of your skin is 33°C.  After a minute you actually get comfortable and you start to wonder what the final temperature is of your butt and the steel seat.  Unfortunately there is no thermometer in the high tech outhouse but there is a scale you unscrew the toilet seat and place it on the scale, the mass is 8.1 kg you stand on the scale and your mass is 55 kg.  Luckily someone has already done this experiment and kindly wrote the specific heat capacity on the bottom of the toilet for you 0.454 J/g°C.  
As for the specific heat capacity of your skin, in one very regrettable evening, a couple years ago, you had it tattoed on your skin (3.49 J/g°C). You hurry back to your tent and perform the following calculation, and round the temperature to the nearest hundredth:

Physical, Chemical and Nuclear Changes (REVIEW)
Physical Changes:  Changes in appearance, in the shape or form

                                -molecules are never changed

                                -reaction does not change the composition of the

                                substance

                                -physical reactions can be changed by physical means

                                -change of state can be reversed by adding or removing

                                energy

                                -all physical reactions are reversible

                                ex. All phase changes
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Chemical Changes: Change that may destroy the old substance (ex. Toast)  

                                 -produce a new substance (new properties)

                                 -certain chemical reactions are chemically reversible

                                 ex. Neutralization, combustion, indicator reactions


Nuclear Changes:  Changes the nuclear structure of the atom

                               -impossible to reverse

ex. Formation of an isotope (same # protons, different # neutrons), nuclear fission reactions in reactors 

                                                                      
Energy in Physical Changes
Endothermic Processes – gaining heat energy

                                                              Liquid 


Solid                                                                                                                Gas



1 form of energy – vib.                                                                                                                   3 forms of energy – vib., rot., trans.
Endothermic Processes (heat enters, forms of energy increase)

	Phase Change
	Term
	Temperature Change

	A) Solid to Liquid


	Melting/Fusion
	None

	B) Liquid to Gas


	Vaporization (Boiling/Evaporation)


	None

	C) Solid to Gas


	Sublimation
	None


Exothermic Processes – losing heat energy
                                                              Liquid 


Solid                                                                                                                Gas



 HYPERLINK "http://www.learner.org/courses/essential/physicalsci/images/solid.jpg" 

1 form of energy – vib.                                                                                                                   3 forms of energy – vib., rot., trans.

Exothermic Processes (heat exits, forms of energy decrease)

	Phase Change
	Term
	Temperature Change

	A) Liquid to Solid


	Freezing
	None

	B) Gas to Liquid


	Condensation


	None

	C) Gas to Solid


	Deposition
	None


Examples:  Identification of endothermic/exothermic processes in chemical and physical changes

TRICK: endothermic = energy enters    exothermic = energy exits
A) Dew forming on grass

B) Snow Melting

C) Combustion

D) Sublimation of Iodine

E) Baking a cake

F) Freezing
G) Electrolysis

Phase Change Graph
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In a phase (solid, liquid, gas) change graph we observe increases in temperature in parts A, C and E and temperature plateaus in parts B and D.

As we heat a substance in its solid form it will continue to gain kinetic energy and its temperature will increase.  Eventually, it will gain so much vibrational energy that it will be able to change into a liquid.  The energy required for this change of state to occur is referred to as the heat of fusion.  The particles of a liquid are then able to vibrate and rotate.  
The liquid will continue to gain heat energy and increase in kinetic energy until the particles gain enough energy in order to be able to translate.  The energy required for the phase change from a liquid to a gas is known as the heat of vaporization.
Why does the temperature plateau during a phase change?

In order to calculate the heat energy gained for parts A, C, E use:  Q = mc ΔT
For parts B and D you need to use the latent heats of fusion (Lf) and vaporization (Lv):  
Q = Lf x mass       Q = Lv x mass                               

 Lf = 335 J/g          Lv= 2262 J/g
Energy in Chemical Changes
Energy is stored in chemical bonds of compounds.  There are two types of bonds:
	Ionic
	Covalent

	-transfer of electrons

-forms between metal/non-metal

ex.  NaCl (Na gives up an electron, Cl takes an electron)

Lewis Dot Diagram:


	-sharing of electrons

-forms between non-metal/non-metal or metalloid/non-metal

ex.  CO2 (Both of the atoms require electrons to complete their valence shell so they share)

Lewis Dot Diagram:




Chemical reactions involve the breaking and forming of chemical bonds. 
Bond breaking is an endothermic process or one which requires the input of energy. 
Bond forming is an exothermic process or one that results in release of energy. 
For any chemical reaction, there is always a net change in chemical potential energy - it is either lost or gained as a result of bond breaking and bond forming.
Exothermic and Endothermic Chemical Reactions
Enthalpy (H):  the heat content of a substance

· energy stored during the formation of a substance (amount of heat stored)
· cannot be measured because it is stored in bonds
Change in Enthalpy (ΔH):  measure ΔH, change in heat content

-heat released or absorbed during a reaction

ΔH = Enthalpy of products – Enthalpy of the reactants

	Exothermic
	Endothermic

	1) Exothermic: release energy in the form of heat, feels hot

Reaction:CaCl2(s)+2H2O(l)      Ca2+(aq)+2Cl-(aq)+82.9kJ
                                                                  Heat = product

Enthalpy diagram:




ΔH = P– R = negative for all exothermic reactions
	2) Endothermic:  absorb energy in the form of heat, feels cold

Reaction:NaHCO3(s)+2H2O(l)+16.7kJ        Na+(aq)+HCO3-(aq)
                             Heat = reactant
Enthalpy diagram:
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ΔH = P– R = positive for all endothermic reactions


Other way to draw potential energy diagrams:
Reaction:  2H2(g) + O2(g)          2H2O (l) +  572 kJ
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Reaction progress at the molecular level
A) Reactants: H – H        O – O         To break these bonds it requires energy              

                        H – H                           from the collisions and as the bonds 

                                                            break, the enthalpy will increase.                             

B) Formation of Activated Complex:  High energy state because bonds break 
                                                            and particles rearrange.

                        H --- H 
                              H --- H

                              O --- O   
C) Products:  H – O – H                     New bonds form, energy is released              

                       H – O – H                     and enthalpy decreases.
Draw the diagram for the reverse reaction: 2H2O (l) + 572 kJ        2H2(g) + O2(g)           
Determining endothermic and exothermic reactions using calorimetry
Heat of Reaction (dissolution):  The amount of heat released or absorbed when a solute dissolves.  This is a measure of ΔH for the dissolution and the unit used is kJ/mol.

	Exothermic
	Endothermic

	Reaction: NaOH(s)       Na+(aq)+OH-(aq)+44.3 kJ
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During an exothermic reaction the system loses heat to the surroundings (water).  When we calculate the ΔT for the water we notice an increase in temperature.
ΔT = Tf - Ti

	Reaction:  NH4Cl+14.6 kJ        NH4+(aq)+ Cl -(aq)
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During an endothermic reaction the system gains heat from the surroundings (water).  When we calculate the ΔT for the water we notice a decrease in temperature.
ΔT = Tf - Ti



The heat that is released or absorbed by the system is the energy from the rearrangement of the bonds during the reaction.  We cannot measure this heat directly so we calculate it indirectly by finding the heat absorbed or released by the water.  
We use:        ΔH = - Q              The change in enthalpy is measured in kJ/mol.
                                n                We need to divide the heat released or 

                                                  absorbed for the water by the number of 
                                                  moles of substance that react.

Why a negative?  If the reaction is exothermic, the ΔH should be negative.  But since this reaction will release heat to the surrounding water, the Q will be positive.  We need to put something in the formula that will allow us to have the correct sign for the ΔH. 
What about for endothermic reactions?
Combustion Reactions
Combustion reactions are classic examples of exothermic reactions.

Fire Triangle
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How to put out a fire:

1) Heat – Using water to put out many types of fires is very effective because it helps to reduce the amount of heat in the fire.
2) Fuel – To remove the fuel in forest fires, for example, forestry workers will dig trenches, remove brush and cut down trees from around a fire site.

3) Oxygen – To remove oxygen from a fire, use a fire extinguisher, fire blanket, for oil fires in the kitchen use a metal cover and reduce then remove the pan from the heat.

The fuel in combustion reactions are typically hydrocarbons:

      CH4             Methane

C2H6            Ethane

C3H8            Propane

C4H10          Butane

C5H12          Pentane

C6H14          Hexane

C7H16          Heptane

C8H18          Octane

C9H20          Nonane

C10H22        Decane

Properties of Enthalpy
1) Enthalpy is a state function: 

-the energy for any chemical or physical reaction process is independent of the pathway or the number of steps needed to completer the process.

-the energy change is independent of the reaction pathway, only initial and final states are important.

2) Enthalpies can be multiplied or divided by a number, or reversed:  
When the change in enthalpy (ΔH) is reversed the magnitude remains the same, but the sign changes.

ex 1.  Reversing equation, reverses sign 
      2H2(g) + O2(g)          2H2O (g) + 483.6 kJ              ΔH = - 483.6 kJ
            2H2O (g) + 483.6 kJ              2H2(g) + O2(g)          ΔH = + 483.6 kJ                       

            ex 2. Multiplying or dividing by a number 
            H2(g) + ½ O2(g)             2H2O (g)                           ΔH = - 241.8 kJ                              
            2H2(g) + O2(g)           2H2O (g)                               ΔH = - 483.6 kJ          

3) Enthalpies can be added to find the sum of an overall reaction:  
This is known as Hess’s Law.  Swiss born, Russian chemist named Germain Hess came up with it, good job Dr. Hess!
Why do we use Hess’s law?  Sometimes there are reactions that are two dangerous or that we are unable to perform in the lab so we use Hess’s law in order to find the change in enthalpy.  
Hess’s Law Examples:
Example A. Target Equation: S (s) + 3/2O2 (g)            SO3(g)        ΔH = ?

1.  S (s) + O2(g)              SO2(g)           ΔH = -296.8 kJ
2.  2 SO2(g) + O2(g)           2 SO3 (g)    ΔH = -198.4 kJ 

Rewrite Step:

Example B.  Two gaseous pollutants that form in auto exhaust are CO and NO.  An environmental chemist is studying ways to convert them to less harmful gases.

Target Equation:  CO (g) + NO (g)             CO2 (g) + ½ N2 (g)  ΔH = ?
1) CO (g) + ½ O2 (g)               CO2 (g)  ΔH = -283 kJ

2) N2 (g)  + O2 (g)            2NO (g)   ΔH = 180.6 kJ
Rewrite Step: 

Steps for Hess’s Law
1) Highlight target reaction/equation.
2) Verify that all reactants/products of the target are in the correct position for the other equations (Flip).

3) Check to make sure all the molar coefficients of the target are the same as the other equations (Multiply/Divide).

4) Rewrite the equations.

5) Cancel anything that is the same in the reactants/products.

6) Rewrite target with the calculated ΔH.
Example C. Target:  C3H7OH(l) + 9/2 O2 (g)              3 CO2 (g) + 4 H2O(g)
1.  C3H7OH(l)          3C(s) + 4 H2(g) + ½ O2 (g)    ΔH = 1989.4 kJ

2.  C(s) + O2 (g)             CO2 (g)                               ΔH = -393.5 kJ

3.  H2(g) + ½ O2 (g)             H2O(g)                          ΔH = -241.8 kJ
Rewrite Step:
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Evidence of a chemical reaction:





-permanent colour change


-formation of a precipitate


-formation of gas (bubbles)


-heat/light produced


-electricity produced





� INCLUDEPICTURE "http://widayanto84.files.wordpress.com/2010/05/chemical-reaction.gif" \* MERGEFORMATINET ���





A) Melting/Fusion





B) Vaporization





C) Sublimation





2 forms energy – vib., rot.





D) Freezing/Solidification





E) Condensation





F) Deposition





2 forms energy – vib., rot.





In order for this reaction to occur we need the particles to collide.





These collisions allow particles to re-arrange themselves and form new bonds.
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TRICK for first four: Monkeys Eat Purple Bananas
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