Name: __________________

Thermodynamics (part 1)
Unit 6

(sev e n cl a s s per i o d s )

Unit 6.1: Enthalpy (H)
1) Collision theory -- Reactions only occur if reactants collide with enough
energy & in the correct orientation
a) Reactions that produce products are known as fruitful collision
b) The energy they need to have when they collide is known as the
activation energy. It an amount of energy needed to overcome their
intramolecular attraction to convert shift those attractions to
another atom or groups of atoms
2) The rate of fruitful can be seen if we graph the concentration of each species of a reaction.
a) The rate of a reaction is how quickly the molarity (𝑚𝑜𝑙⁄𝐿) of reactants, or
𝑚𝑜𝑙
products, changes over time. Therefore its units are: 𝑀⁄𝑠𝑒𝑐 or

Products
Because they are appearing

𝐿∗𝑠𝑒𝑐

b) The rate of a reaction can only be determined experimentally, see unit 5.
Reactants
Because they are being used up
3) Enthalpy (H)
a) The potential energy stored in a substances bonds, we sometimes refer to it as
heat
b) However, it is always a massive number, therefore we focus on the change in this value
c) For a reaction to occur, the bonds holding the reactants together must
be broken before the bonds of a product can form.
i) When bonds break energy must be absorbed
ii) When bonds are formed energy is released
d) The change in enthalpy between your reactants and products is known
as the heat, or enthalpy, of the reaction
e) When energy is absorbed (it will feel cold) the reaction is said to be
endothermic. Since energy is absorbed it will be a positive value (H>0)
f) When energy is released (it will feel hot) the reaction is said to be
exothermic. Since energy is released it will be a negative value (H<0)
g) ΔH is a state function – meaning the overall value is what matters not the methodology in which it is
determined. Ex: your change in location from when you woke up this morning and right now. Weather you
came down Boxley Rd, or up Lucas creek, you still went from home to here.

4) Potential energy diagrams
a) Graphical representation of the enthalpy of a reaction as it proceeds
b) Shows the enthalpy of the reaction (Hrxn), and can be calculated as products – reactants
c) Reactants are always on the left and products are always on the left
d) A catalyst lowers the activation energy by either providing an additional lower energy pathway or by orienting
the reactants

Example 1: the combustion of ethene is shown below, given the information below complete a rough sketch of an
energy diagram for this reaction.
𝐶2 𝐻4 + 3 𝑂2 → 2 𝐶𝑂2 + 2 𝐻2 𝑂

e) Enthalpy can be calculated from several sources including:
i) Stoichiometry
ii) Calorimetry

∆𝐻 < 0

iii) From tables of standard values (Hf)
iv) Hess’s Law
v) Bond energies

5) Calculating enthalpy (H) by stoichiometry
a) Since reactions can be seen a whole entity, each time a mole of reactions occurs there would be a set amount of
enthalpy that changes. So if you know what ratio of reactants enter a reaction you can relate that the energy
change of the reaction as a whole.
b) In other words, if you have a reactions enthalpy you can simply use the mole ratio of reactants/products to that
value

Example 2:
Upon adding solid potassium hydroxide pellets to water the following reaction takes place:
𝐾𝑂𝐻 → 𝐾 + + (𝑂𝐻)− + 43

𝑘𝐽⁄
𝑚𝑜𝑙

Answer the following questions regarding the addition of 14.0 g of KOH to water:
Does the beaker get warmer or colder?

Is the reaction endothermic or exothermic?

What is the enthalpy change for the dissolution of the 14.0 grams of KOH?

6) Calculating enthalpy (H) by calorimetry
a) The process of measuring heat based on observing the temperature change when a body absorbs or discharges
energy as heat.
b) Coffee-cup calorimetry – in the lab this is how we experiment to find energy of a particular system. We use a
Styrofoam® cup, reactants that begin at the same temperature and look for change in temperature. After all
data is collected (mass or volume; initial and final temperatures) we can use the specific formula to find the
energy released or absorbed. We refer to this process as constant pressure calorimetry
c) Kinetic energy
i) Energy of motion
ii) Proportional to temperature. Temperature is simply a feel for how quickly molecules are moving. Cold
compounds have very little movement, while hot molecules move very quickly. Heat ‘em up speed ‘em up
(1) Temperature
(a) FAHRENHEIT (Non-SI unit) -- Based off the freezing point of brine (50% salt/water)
(b) CELSIUS (oC = K – 273) -- Based off the freezing point of water
(c) KELVIN (K = oC + 273) -- Based off the freezing point of matter
iii) Always moves from areas of high kinetic energy to low (heat is transferred from hot to cold). It is moved in
packets known as quanta, therefore we give kinetic energy the variable of “q”

iv) Specific heat – the rate at which a substance absorbs, or
released, energy. Has units depending on mass, energy, and
temperature
𝐽
𝐽
𝐽
(1) Can be: ⁄𝑔𝑜 𝐶 or ⁄𝑚𝑜𝑙 𝑜 𝐶 or ⁄𝑔𝐾 or 𝑐𝑎𝑙⁄𝑔𝑜 𝐶
v) Calculating the amount of energy added / removed from a
system
(1) q is energy (J or cal)
(2) m is mass (g or mol)
(3) c is specific heat (determines
𝑓
the others)
𝐽
(4) T is the change in temperature
𝑜
𝑔 𝐶
(K or oC). T=Tf-Ti

𝑞 = 𝑚𝑐𝛥𝑇
𝑞 = 𝑚𝑐(𝑇 − 𝑇𝑖 )
𝐽 = 𝑔(

𝐽

Example 3a: A 25g sample of water (c = 4.2𝑔𝜊 𝐶) cools
from 100oC to 0oC, determine the amount of energy
lost by the water?

𝑜
) 𝐶

Example 3b: In a coffee cup calorimeter, 100.0 mL of 1.0
M NaOH and 100.0 mL of 1.0 M HCl are mixed. Both
solutions were originally at 24.6°C. After the reaction, the
final temperature is 31.3°C. Assuming that all solutions
have a density of 1.0 g/cm3 and a specific heat capacity
of 4.184 J/g°C, calculate the enthalpy change for the
neutralization of HCl by NaOH. Assume that no heat is
lost to the surroundings or the calorimeter.

𝐽

Example 3c: A 0.3 mol block of lead (c = 26.4 𝑚𝑜𝑙𝐾) is heated to 373K and placed next to a 0.6 mol block of
𝐽

aluminum (c = 24.3 𝑚𝑜𝑙𝐾) which was cooled to 250K. Assuming no heat is lost to the surrounding, what is the final
temperature of the two metals?

Unit 6.2: Calculating Enthalpy (H) pt. 2
1) Calculating enthalpy (H) from tables
a) Enthalpy of formation (Hf) AKA heat of formation
i) The amount of energy needed to from a compound from its composite
elements for example ∆𝐻𝑓 𝐶𝐻4 would be the energy change associated
with the reaction: C (s) + 2H2 (g) → CH4 (g).
ii) Notice that it is the amount of energy to make 1 mol so these reactions
are NOT always balanced with whole numbers
(ex: H2+ ½ O2 → H2O Hf = -286 𝑘𝐽⁄𝑚𝑜𝑙)
iii) For any element substance (C, O2, Au, S8, etc.) the Hf is always ZERO!
iv) Values will be given to you, OR you will need to find the missing one.

Hrxn = Hf (prod) – Hf (rxts)
Example 4:

Example 5:

2) Calculating enthalpy (H) using Hess’ Law
a) Hess’ Law: Enthalpy is independent of the reaction pathway (a state function). If you can find a combination of
chemical equations that add up to give you the desired overall equation, you can also sum up the ΔH’s for the
individual reactions to get the overall ΔHrxn.
i) First, decide how to rearrange equations such that the reactants and products are on appropriate sides of
the arrows in the chemical equation. It is often helpful to begin by working backwards from the final or
summary chemical equation.
(1) If an equation had to be reversed, also reverse the sign of ΔHrxn
(2) If an equation had to be multiplied by a given factor to obtain correct coefficients, also multiply the ΔHrxn
by this factor since ΔHrxn’s are in kJ/MOLErxn (division applies similarly)
(3) Double check to ensure that everything cancels out to give you the exact summary chemical equation
you desire.
Example 6:

Example 7:

3) Calculating enthalpy (H) from bond energies
a) In order for a reaction to happen imagine that atoms are like legos, you need to pull the legos completely apart
to recombine them into a new structure.
i) Energy must be added/absorbed to BREAK bonds (endothermic) in order to overcome the coulombic
attraction between each nuclei and the shared electrons.
ii) Energy is released when bonds are FORMED (exothermic) because the resultant coulombic attraction
between the bonded atoms lowers potential energy causing a release.
b) When we know the energy in the bonds of reactants or products we can assign that energy a positive
(endothermic) or negative (exothermic) and add all the values in a reaction
i) Reactants need to be taken apart, and thus we will assign their bonds a POSITIVE (+) value
ii) Products must be put together, thus we will assign their bonds a NEGATIVE (-) value
c) YOU MUST HAVE VALID LEWIS STRUCTURES FOR THIS TO WORK!!!!
Example 8:

Unit 6.3: Wrap up
1) Potential Energy
a) Changes during a phase change
b) Molecules move more thus weakening their IMFs
c) Heat of Solidification
i) -Hsolid (always negative)
ii) How much energy needs to be
REMOVED to allow a liquids IMFs to
form a solid
d) Heat of Condensation
i) -Hcond (always negative)
ii) How much energy needs to be
REMOVED for a gasses IMFs to take
over and form a liquid
e) Heat of fusion
i) Hfus (always positive)
ii) How much energy needs to be
PROVIDED to weaken a solids IMF
f) Heat of Vaporization
i) Hvap (always positive)
ii) How much energy needs to be PROVIDED to remove a liquids IMF
g) During phase changes there is no increase/decrease in temperature (kinetic energy)
h) This is a change in potential energy
i) q = energy (J or cal)
𝑞 = 𝑚𝛥𝐻𝑝ℎ𝑎𝑠𝑒.𝑐ℎ𝑎𝑛𝑔𝑒
ii) m = amount (g or mol)
𝐽

𝐽

iii) H = heat of change (𝑔 or 𝑚𝑜𝑙)
Example 9:

2) Heating / Cooling Curve
a) Graph demonstrating the temperature of a substance as energy
is added (heating) or removed (cooling)
b) Slopes = kinetic energy (q=mcT)
c) Plateaus = potential energy (q=mH)
d) Add all the q values to find the overall energy added
(+)/removed(-)

Example 10: Given the values below the graph. How much energy must be added to a 10g block of ammonia to heat
it from -110oC to a gas at 0oC?

Heating of ammonia (s) from -110oC to 0oC
0
0

5
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𝐽
4.6 ⁄𝑔𝑜 𝐶

Hfus

𝐽
5.6 ⁄𝑚𝑜𝑙

Hvap

𝐽
23.4 ⁄𝑚𝑜𝑙
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Potential Energy Diagrams Worksheet

9. Which species or group of species has the weakest bonds? _____________
10. Which species or group of species has the strongest bonds? _____________

CK-12 Foundation Chemistry
Name______________________ Date_________

Use the following Potential Energy Diagram to answer questions 1 - 12.

11. Which do you think would be faster at that the same temperature, the forward or
reverse reaction? _____________
12. What is the threshold energy for the forward reaction? _____________
13. In general, as reactant particles begin a collision, the potential energy
_____________ (increases, decreases, stays the same) and the kinetic energy
_____________ (increases, decreases, stays the same).
14. Describe what happens to two reactant particles that collide with less than the
activation energy.

Use the following Potential Energy Diagram to answer questions 15 - 22.

1. Is the overall reaction as shown exothermic or endothermic? _____________
2. What is the activation energy for the forward reaction? _____________
3. What is the activation energy for the reverse reaction? _____________
4. What is the enthalpy change for
5. What is the

for the forward reaction? ________________

for the reverse reaction? _____________

6. Is the reverse reaction exothermic or endothermic? _____________
7. Which species is the activated complex? __________________
8. Which species or group of species has the highest potential energy? _____________

15. What is the activation energy for the forward reaction? _____________
16. What is the activation energy for the reverse reaction? _____________

3 Potential Energy Diagrams Worksheet

17. What is the

for the forward reaction? _____________

18. What is the

for the reverse reaction? _____________

19. Is the forward reaction exothermic or endothermic? ______________
20. What is the threshold energy for the forward reaction? ______________
21. Which bond is stronger,

or

? _____________

22. Give a reason for your answer in question 21.

5. A piece of metal weighing 59.047 g was heated to 100.0 °C and then put it into 100.0 mL of water (initially at
23.7 °C). The metal and water were allowed to come to an equilibrium temperature, determined to be 27.8 °C.
Assuming no heat lost to the environment, calculate the specific heat of the metal.

∆
1.

How much energy is needed to change the temperature of 50.0 g of water 15.0oC? (

= 4.184

)

2. How many grams of water can be heated from 20.0 oC to 75oC using 12500.0 Joules?

3. What is the final temperature after 840 Joules is absorbed by 10.0g of water at 25.0oC?

4. The heat capacity of aluminum is 0.900 J/goC.
a. How much energy is needed to raise the temperature of a 8.50 x 102g block of aluminum from 22.8oC to
94.6oC?

b. What is the heat capacity of aluminum per mole?

6. In a coffee-cup calorimeter, 100.0 mL of 1.0 M NaOH and 100.0 mL of 1.0 M HCl are mixed. Both solutions
were originally at 24.6 . After the reaction, the temperature is 31.3 . What is the enthalpy change for the
neutralization of HCl by NaOH?
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Hess’ Law

1.

Oxidation of ClF by F2 yields liquid ClF3. Use the following thermochemical equations to apply Hess’ Law and calculate
!Hºrx for the production of ClF3.
• 2ClF(g) + O2(g) " Cl2O(g) + OF2(g)
!Hº = 167.5 kJ
• 2F2(g) + O2(g) " 2OF2(g)
!Hº = -43.5 kJ
• 2ClF3(L) + 2O2(g) " Cl2O(g) + 3OF2(g)
!Hº = 394.1 kJ

2.

Use the following information to find !Hºf of gaseous HCl.
• N2(g) + 3H2(g) " 2NH3(g)
!Hºrx = -91.8 kJ
• N2(g) + 4H2(g) + Cl2(g) " 2NH4Cl(s)
!Hºrx = -628.8 kJ
• NH3(g) + HCl(g) " NH4Cl(s)
!Hºrx = -176.2 kJ

3.

The chemistry of nitrogen oxides is very versatile. Given the following reactions and their standard enthalpy changes,
calculate the heat of reaction for N2O3(g) + N2O5(s) " 2N2O4(g)
• NO(g) + NO2(g) " N2O3(g)
!Hºrx = -39.8 kJ
• NO(g) + NO2(g) + O2(g) " N2O5(g)
!Hºrx = -112.5 kJ
• 2NO2(g) " N2O4(g)
!Hºrx = -57.2 kJ
• 2NO(g) + O2(g) " 2NO2(g)
!Hºrx = -114.2 kJ
• N2O5(s) " N2O5(g)
!Hºsubl = +54.1 kJ

∆
4. a

5. a
1.

a

2. a

3. a

