Motion of Atoms and Molecules: Liquids, Solids and Thermochemistry

Part 2 – Thermochemistry
· Temperature – a measure of the _______________________________ of the particles in a sample of matter

· Units for temperature: ___________ or __________

· Heat (q or (H) – the _____________ transferred between samples of matter because of differences in their temperatures.  

· Heat energy moves spontaneously from ___________ to __________ temperatures

· Unit for heat ____________or ______________

· Useful conversion factor: ______________________________

· Heat is also called ___________________________________________________
__________________________________________________________________

· Specific heat (cp)  – the amount of energy required to raise the temperature of one gram of a substance by one degree Celsius (specific heat is sometimes called heat capacity).

· Units for specific heat ____________ or ____________

· Water has a high specific heat:_________________

· The specific heat for ice is ______________ and the specific heat for steam is _______________

· Formula to find amount of heat gained or lost when there is a change in temperature:
· Molar heat of vaporization (Hvap) – the amount of heat energy needed to vaporize one mole (or 1 gram) of liquid at its boiling point (or condensation point)

· A measure of the attraction of the liquid molecules to one another

· Water has a high molar heat of vaporization compared to other liquids: ____________________. This is because water has _______________________.
· To find amount of heat absorbed or released at the boiling point, use this formula: 

· Molar heat of fusion (Hfus) – the amount of heat energy needed to melt one mole (or 1 gram) of a solid at its melting point
· A measure of the attraction of the particles of a solid for one another

· Ice has a high molar heat of fusion compared to other solids: ___________________ .  This is because water has ________________________.
· To find amount of heat absorbed or released at the melting point, use this formula: 

· Calorimeter – 

Heating and Cooling Curves

Process:
1. Draw and label the axes.

2. Fill in all the given temperatures (initial temp, final temp, boiling/condensation point, and melting/freezing point).

3. Draw the curve.  Pay attention to whether the material is being heated or cooled, so that the curve will be going in the right direction!

4. You can calculate the amount of heat absorbed/released if you also know the specific heat(s) of the substance and the heat(s) of fusion/vaporization.
Sample Problem:
How much energy is released when 90.0 g of H2O (g) at 110.0 (C is changed to H2O (s) at -12.0 (C? 
Practice Problems (with water):

1. How much energy, in joules, does it take to melt 35 grams of ice at 0 (C?
2. How much energy, in calories, is given off when 85 g of steam condense to liquid water at the condensation point?

3. If you fill a bathtub with 200.0 kg of water at 44 (C, how much heat energy is lost as the water cools to a temperature of 21 (C?

4. How much energy, in joules, is necessary to change 46.0 g of H2O(s) with a temperature of -58.0 (C to H2O(g) at 114 (C?

Heat Transfer
Heat can be transferred from one substance to another.  The heat is transferred from the substance with the ___________ temperature to the substance with the ____________ temperature ___________________________________________________________.  When this happens:




The heat lost   
      The heat gained 




      by the 
        =

by the




warm substance
       cool substance

Sample Problem 1:


A piece of unknown metal with a mass of 21.9 grams at a temperature of 100.0°C is dropped into an insulated container of water.  The mass of the water is 132.0 grams.  The temperature of the water is 20.0°C before the metal is added.  After the metal is added, the temperature of the system is 21.5°C.  What is the specific heat of the metal?
Sample Problem 2:


A 34.0 gram copper bar with a temperature of 23.0°C is placed in 130.0 grams of water at 87.0°C.  What will be the final temperature of the metal-water system when it reaches thermal equilibrium?

Enthalpy

Energy can be stored in a compound in three ways:
1. PE is stored in ____________________________________________.

2. PE is related to the __________________________________ of the substance and its ______________________ and ______________________________.

3. KE is related to the __________________________________ of the atoms and molecules in the material.

Enthalpy (H) = _______________________________ = the total of the three forms of energy above.

∆Hr = the change in heat content or the____________________________________. This is the amount of heat gained or lost during a chemical reaction.  It is measured in ________________________________.
If ∆Hr​ is ___________________________, then heat is __________________________ and the reaction is called ______________________________.
If ∆Hr​ is ___________________________, then heat is __________________________ and the reaction is called ______________________________.
Thermochemical Equations

In a balanced chemical equation, the enthalpy change for the reaction can be written as either a ___________________ or a ______________________. 

Examples:
Heat of Combustion (∆Hcomb) – is the heat of reaction for the complete burning of one mole of a substance.

Example:

Heat of Solution (∆Hsoln) – is the heat ___________________ or __________________

during the formation of a solution. (Remember – making a solution is NOT a chemical reaction.)

∆Hsoln = the molar heat of solution = the amount of heat absorbed or released when one mole of something is dissolved.


Example:

Standard Heat of Formation (∆Hf°) – the change in enthalpy when one mole of a compound is formed from its elements with all substances in their standard states at 25°C.
The ___________________ of  a compound is related to its standard heat of formation.  Compounds with large __________________ heats of formation require the same input of energy to decompose.  Such compounds are usually very ___________________.
Example:

Compounds with small __________________ or ________________ heats of formation require little or no energy to decompose.  Such compounds are ____________________.

Example:   

Calculating the Enthalpy of a Reaction – Hess’s Law of Heat Summation
Hess’s Law of Heat Summation states that if you add two or more thermochemical equations to give a final equation, then you can also add the heats of reaction to give the final heat of reaction.
Example 1:      Use the equations below to calculate the enthalpy for the transformation of 

one mole of diamond to one mole of graphite.



     C(s,graphite)   +   O2(g)   (   CO2(g)                       ∆Hf° = -393.5 kJ


     C(s,diamond)  +   O2(g)   (   CO2(g)

    ∆Hf° = -395.4 kJ
Example 2:      The following reaction represents the combustion of sulfur dioxide (SO2):






SO2(g)   +    ½ O2(g)  (  SO3(g)


Use Hess’s Law and the reactions below to calculate the heat of 



combustion of SO2 (g).



S(s)  +  O2(g) ( SO2(g)

∆Hf° = -296.8 kJ



S(s)  +  3/2 O2(g) ( SO3(g)

∆Hf° = -395.0 kJ
Another Application of Hess’s Law

If we apply the law of conservation of energy to a reaction:


∆Hr    =      Σ ∆Hf° of the products   -   Σ ∆Hf° of the reactants   
Calculate the enthalpy of reaction (∆Hr), in kilojoules, for the following reactions.
1.)              2NO2 (g)   +    3H2(g)    (    2NH3(g)     +     2O2(g)

2.)   carbon monoxide gas reacts with solid iron (III) oxide to produce solid iron and   

       carbon dioxide gas

3.)  aqueous sodium hydroxide reacts with aqueous nitric acid to produce aqueous 

      sodium nitrate and liquid water.

