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Sources of Energy Ultimately from the Sun

One of the most common diploma questions involves tracing energy back to its
original source. Here, we'll categorize energy sources based on whether they
originate from the sun or not.

Solar Energy

The most obvious example of energy coming from the sun is

Energy from the sun hits , Which convert it to electrical
energy. This electrical energy can then be converted into various other
forms of energy.

Fossil Fuels
like gasoline also derive their energy from the sun.

1. Gasoline comes from the ground.

2. Before being in the ground, it was (Living organic matter) that grew
and decomposed.

3. This biomass was covered by rock and sediment.

4. Ultimately, biomass gets its energy from the sun via

Depending on the heat and pressure, biomass can turn into different fossil fuels:

. Solid form when fossil fuels haven't broken down much.

. Liquid form with enough heat and pressure.

. Formed when biomass breaks down even further (e.g., methane).
Biofuels

Instead of waiting for biomass to decompose over millions of years, we can use

Fuels derived from recently living organic matter (biomass).
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Growing corn or sugar and turning it into fuel is an example. The energy in biofuels
comes from the sun via photosynthesis.

Wind Energy

also originates from the sun.

1. Windmills harness the kinetic energy of the wind.
2. The wind blows due to the sun heating the earth unequally.
3. This unequal heating causes air masses to rise at different rates, creating wind.

Hydroelectric Energy

is another form of solar energy.

1. Incoming solar radiation drives the water cycle.
2. Evaporation leads to moisture at high points.
3. The potential energy of this water is transferred into electrical energy.

Sources of Energy Not from the Sun

Not all energy on Earth comes from the sun. Here are a few examples:

Nuclear Energy

comes from the fission or fusion of atoms, which releases energy.

The splitting of a heavy, unstable nucleus into two
lighter nuclei.

The process where two light nuclei combine to form a
single heavier nucleus.

Tidal Energy

harnesses the kinetic energy of the ocean's tides (high and low points).
The tides are driven by the moon, not the sun.
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Geothermal Energy

Geothermal energy uses the heat of the Earth's core, which doesn't come from the
sun.
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Defining Calorimetry

We will discuss and the energy changes in chemical reactions. For
example, consider the balanced chemical equation:
Ca‘“ 0+( -+ H—\—{
Ca+2H20—>Ca(OH)2—|—H2 Cox ’\\‘_(O\ —> Ok'r
X
In this reaction, we're interested in the energy change. /o\
v H

Potential Energy of Bonds

The energy change in a chemical reaction is due to the change in of
the bonds.

e At the beginning of the reaction, we have calcium metal with
and water molecules with .
 As the reaction proceeds, the calcium loses electrons to become Ca?*, and the
water molecules are broken apart into (OH ™). Energy is
required to break the O-H bonds. The hydrogen atoms then form a
to create H; gas.

The change in energy (AE) is the difference in potential energy between the bonds
at the beginning and the end of the reaction. If there is less energy at the end, the
extra energy is released into the environment. If there is more energy at the end, the

energy comes from the chemical environment. rave —a \ea3 : exo
\'esSY —a wAoYC ncx\s:‘o

Measuring Energy Change with Calorimetry

Calorimetry is the measure of energy change in an isolated system. A calorimeter is
the device used to make these measurements.

Calorimetry: The process of measuring the amount of heat released or
absorbed during a chemical reaction or physical change.

A typical calorimeter consists of:

e One ortwo
e Ald
e A
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The styrofoam cups provide an , preventing energy from escaping or
entering.

Energy Transfer in the Calorimeter

If we know the inside the calorimeter, we can determine the energy
change in the chemical reaction. The chemical reaction is the , and the
potential energy change is related to the system. The , often water,

receive the energy.
System: The chemicals involved in the chemical reaction.

Surroundings: The environment around the chemical reaction, often water,
where energy is transferred. — often wWador

We measure the temperature change in the surroundings to determine the energy
change.

Calculating Energy Change

The energy change (g) can be calculated using the formula:
q = mcAT

Where:

9
e m = Mass of the warming substance (often water)

e ¢ = Specific heat capacity of the substance %oc
e AT = Change in temperature °C

Substance Specific Heat Capacity (J/g°C)

4.19
See Chem 30 Data Booklet

Heat Transfer and Enthalpy Change
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Enthalpy (H) is the total kinetic plus potential energy within a chemical system, often
simplified to just potential energy in Chem 30. We primarily care about the change in
enthalpy (A H) from reactants to products.

Enthalpy: The total heat content of a system at constant pressure. It is the
sum of the internal energy of the system plus the product of its pressure
and volume.

Calculating Enthalpy Change
1. Calculate the energy transferred to the surroundings using ¢ = mcAT.

2. Determine the :
A+® —> C+Enerqy =y AHz - volue

(T\legatlve when energy is released (exothermic reaction) :&nergy is amsidered = product —s joyiede

Positive when energy is absorbed (endothermic reaction):erengy is onsideres o. reactant —+ Leht—tde
A+@+ Energy — C = OH= +valice

Assumptions in Calorimetry

To solve calorimetry problems, we make a few key assumptions:

1. Isolated System: Assume the calorimeter doesn't gain or lose energy from the
surroundings.

2. Constant Specific Heat Capacity of Water: Assume the specific heat capacity
of water is constant at 4.19 J/g°C.

/ 3. Specific Heat Capacity of Dilute Aqueous Solutions: Assume the specific heat
vy importont "\ capacity of dilute aqueous solutions is the same as water.

4. Density of Dilute Aqueous Solutions: Treat the density of dilute aqueous

solutions as the same as water (1.0 g/mL).

Dilute Agueous Solutions

For dilute agueous solutions, a one-to-one ratio is used to determine mass. For
example, 100.1 grams of HCl aqueous solution is assumed to be 100.1 mL.

e The more concentrated the aqueous solution, the more this assumption
becomes problematic.

¢ |n lab experiments involving mixing a dilute acid and a dilute base, these
assumptions are used.

Solving for Enthalpy Change
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To solve for enthalpy change (DeltaH), use the formula:

AH =mCAT

Where:

e misthe mass:g
o cis the specific heat capacity: —g—oc
o DeltaT is the change in temperature:% ok

This calculation focuses on the surroundings, which is often water in these scenarios.

Example Problem

When 50 mL of 1.0 mol/L hydrochloric acid is neutralized completely by 75 mL of 1.0 mol/L
sodium hydroxide in a polystyrene cup calorimeter, the temperature of the total solution
changes from 20.2 °C to 25.6 °C. Determine the enthalpy change that occurs in the
chemical system.

Solution: Hel+ NQaOH —s NaC| + ®90
0.05L = SomL 1BmL=0.075L

4 ? mMo\/L
Volume = 50 + 752125 mL - 289
QemcAT=\25x4\A x 5.y = 28285 = QE
System s %e:\'\;ﬂj woarmes —s exothermic —» ne%a,b;"e- GAMPJ
M= -2 2y
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o Volume of HCI: 50 mL
o Volume of NaOH: 75 mL
o The solvent is water (if not specified, assume it's water).

o The total volume of water is the sum of the volumes of HCl and NaOH:
75mL + 50mL = 125mL
o Convert the volume of water to mass, using the density of water (1g/mL):

125mL = 125¢

o ¢ =4.19J/gcdot®C (from data booklet)

o DeltaT = Tfinal - T,im'tial
o Using example values of Tyina = 25.6°7°C and Tinitiar = 20.2°7C:"

DeltaT = 25.65"C — 20.2°°C = 5.4°"C'

o Using the formula:

q = mcDeltaT
o Plugging in the values:

q = (125¢)(4.19J / gedot®eC) (5.4°"C) = 2800.J
o Convert joules to kilojoules:

2800J = 2.8kJ
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o If the final temperature is warmer, the reaction is exothermic, and Delta H
is negative.

o If the final temperature is colder, the reaction is endothermic, and Delta H
is positive.

o In this example, if the final temperature is warmer, then:

DeltaH = —2.8kJ

o The negative sign indicates that energy is released from the chemicals to
the surroundings (water).

Chemical Potential Energy Diagram

A chemical potential energy diagram illustrates the change in potential energy (a
proxy for enthalpy change) during a chemical reaction.

z|g

Potential Energy: Energy stored within a system that has the potential to do
work.

In the context of chemistry, potential energy refers to the energy
stored in the bonds between atoms and molecules.

The diagram plots potential energy versus time.

In the example of neutralizing HCI with NaOH, the products (water and
sodium chloride) have lower potential energy than the reactants.

The difference in potential energy between reactants and products is 2.8k.J,
which corresponds to the energy released into the water.

The negative sign indicates a loss of potential energy, meaning the chemical
bonds in the products have less potential energy than in the reactants. This
energy is released as heat, warming the surroundings.

el 4 Vool

Nacl &+ Hoo

Twme
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Molar Enthalpy and Calorimetry

Definition of Molar Enthalpy

Molar enthalpy is the enthalpy change per mole of chemical that reacts.

Key Principle

The change in enthalpy (A H) increases as more limiting reagent is added. This is
analogous to adding more wood to a fire to get more heat.

Molar Enthalpy Formula

The ratio of the change in enthalpy to moles is a constant, leading to the formula:
AE _ AH,

Where:

e AH is the change in enthalpy (typically in kilojoules, kJ)
e nis the number of moles
e AH,, is the molar enthalpy (in kJ/mol)

For a given reaction type, every chemical has a constant molar enthalpy. For example,
methane releases a fixed amount of kilojoules for every mole that reacts.

Calculating Molar Enthalpy

Steps to Calculate Molar Enthalpy
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1. Determine the amount of heat (q) or thermal energy transferred to the
surroundings (often water) using the formula: ¢ = mcAT

o Where:
= m s the mass
= cis the specific heat capacity
= AT is the change in temperature

2. Determine the sign of AH:

o Positive (+) for endothermic reactions (surroundings cool down).
o Negative (-) for exothermic reactions (surroundings warm up).

3. Divide the enthalpy change (A H) by the moles (n) of the limiting reagent:
AH, = &L

n

Calculating Moles

¢ For a pure substance:n = 12485 __
molarmass

e For a solution: n = concentration - volume

Example Calculation

Problem

Ethanol is often added to gasoline as a renewable component that reduces harmful
emissions. The mixture is known as gasohol. In a research |laboratory, the combustion of
3.50 g of ethanol in a sophisticated calorimeter causes the temperature of 3.63 L of water
to increase from 19.88 °C to 26.18 °C. Use this evidence to determine the molar enthalpy of

combustion of ethanol.
61“50“ -\-301 —3 2 Coq &> A0 wolowE =2
3_503 — wol

?»CQL.\S\::;% czl( Q=639 x4:13x6:3=95 .B21\\ k3
2619 - QW= 6

\ [V
3.50 * = O~074
9 244.02 ¢+ 4.0L4 14
a6 .08 Comboustion * Exo:
©0Tb wd  95.32%) —~EnthalPy
\ mol \ 260

. k
Nym;‘ - \2.6e 340\
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1.
o Convert volume of water to mass:
1.63 L=3630 mL =3630 g (since 1 mL of water=1 g)
o Use g = mcAT: g = (3630,g) - (4.19, g%) - (26.18,°C — 19.88,°C)
g = (3630,8) - (4.19, —*7) - (6.30,"C) = 95821,J = 95.821,kJ
2.
o Since the final temperature is warmer, the reaction is exothermic, so AH
is negative.
o AH = —95.821,kJ
3.
o Molar mass of ethanol (Co2H50H) = 46.08 g/mol
o p = _mass__ _ 4630-22 = 0.0760, mol
*7 mol
_ AH _ —95.821kJ _ KkJ
4. AH,, = n 0.0760,mol —1260, ‘mol
5. AH,, ~ —1260, XL
Answer

The molar enthalpy for the combustion of ethanol is approximately -1260 kJ/mol.
This value is a constant for the combustion of ethanol and can be compared to data
tables.
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Calorimetry Wrap-Up: System vs.
Surroundings

It's important to understand the distinction between the system and the
surroundings in calorimetry:

e System: Refers to the reactants or chemicals involved in the reaction. This is
where you need to identify the Limiting reagent to calculate the number of
moles. The system is defined by the chemical equation. We cannot directly
measure the change in chemical bonds (AH) within the system.

e Surroundings: Typically the solution, often water, where Q = mcAT is
measured. Sometimes, you may need to calculate Q multiple times if heat is
absorbed by multiple components (e.g., water and the metal of the calorimeter).

o For styrofoam calorimeters, you primarily focus on Q for the water
(Qwater)

o For metal can calorimeters, you may need to calculate Q for both the
water and the metal can (Qtotal = Qwater + Qmetal).

Enthalpy Subscripts

When discussing enthalpy, we use specific subscripts to provide more information:

r: Generic reaction that doesn't fit combustion, formation, or decomposition.
Analogous to "c" in Kc (equilibrium constant).

c: Combustion reaction. Indicates molar enthalpy of combustion.

f: Formation reaction. Indicates molar enthalpy of formation (often found in data
books).

d: Decomposition reaction. Indicates molar enthalpy of decomposition.

When writing these values, you need to specify the change in enthalpy and the
molar values for the type of reaction.

Formation Reactions

Formation is the creation of a compound from its elements in their
standard states.
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For example, the formation of water (H20) can be written as:

Hy(g) + 3 02(g) — H20(1)

Elemental Forms: Quick Recap

Element Elemental Form Notes

Single atoms (e.g., Na,
Fe)
Mercury Hg Exists as a liquid at room temperature

Most Metals Except for mercury (Hg)

. . "Seven up" mnemonic: Start at atomic
Diatomic

Elements

H,, Ny, Oy, F, Cly, Bry, I, number 7 (Nitrogen) and form a "7" on the
periodic table

Phosphorus P,
Sg Most common form

Exists in various allotropes (e.g., graphite,
diamond)

Decomposition Reactions
Decomposition is the breakdown of a compound into its elements.

For example, the decomposition of sodium chloride (NaCl) can be written as:

2NaCl(s) — 2Na(s) 4 Cla(g)

Communicating Enthalpy: Molar Enthalpy

Molar enthalpy is the amount of energy released or absorbed per mole of
a substance in a reaction.

It is often quoted at

e Temperature: 25°C
e Pressure: Approximately 1 atmosphere
e Substance: Must specify the limiting reagent and reaction type.

Page 2



Created by Turbolearn Al

Symbolic Representation
The general form for representing molar enthalpy includes:
AH,, (change in enthalpy) with:

e Subscript to denote the reaction type (r, c, f, d)
¢ Chemical formula of the substance involved.
e "°"symbol to indicate standard state (SATP).

For example, the combustion of methane (C'Hy4) at SATP can be represented as:

A}Im,c,C’H4

Enthalpy Change and Balanced Equations

Enthalpy change must always be associated with a balanced chemical equation. The
value is specific to the reaction as written.

CO(g) + 2Hs(g) — CH;0H(l) AH = —128,kJ

This means that 128 kJ of energy is released when one mole of carbon monoxide
reacts with two moles of hydrogen to produce one mole of methanol.

If the equation is scaled (e.g., doubled):
2CO(g) + 4H»(g9) — 2CH30H(l) AH = —256,kJ

Doubling the reaction doubles the amount of energy released. It's like baking: double
the ingredients, double the cookies.

Determining Molar Enthalpy from Enthalpy
Change

You can calculate the molar enthalpy of a specific chemical using the relationship:

Where:
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e AH,,is the molar enthalpy
e AH is the change in enthalpy for the reaction
e nis the number of moles of the substance

For example, given:

CO(g) + 2H>(g9) —» CHsOH(l) AH = —128,kJ
The molar enthalpy of carbon monoxide (CO) is:
AH,,co = —out = —128,kJ /mol

Stoichiometric coefficients are exact numbers, not subject to significant figures.

Molar Enthalpy Calculations

Molar enthalpy for hydrogen gas (H,) is calculated as follows:
—128, kJ per 2 moles of Hs.

Molar enthalpy: —=X — _64.0,kJ/mol

2,mol

Writing Balanced Chemical Equations with
Enthalpy

To write a balanced equation with enthalpy, consider the reaction of sulfur dioxide (
S0,) with oxygen (O,) to form sulfur trioxide (SOs).

SOQ + 02 — SOg
Balancing this equation gives:
2502 + 02 — 2503

Given the molar enthalpy of SO is —98.9,kJ /mol, the enthalpy change (A H) for the
reaction can be calculated using the formula:

A H = molar enthalpy x moles

For this reaction:
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AH = —98.9,kJ/mol x 2, mol = —198,kJ
Therefore, the balanced equation with enthalpy is:

2509+ O2 — 2503 AH = —198,kJ

Energy Terms in Balanced Chemical Equations

Instead of writing the enthalpy change next to the balanced chemical equation, it can
be included directly in the equation as a reactant or product.

For an reaction, energy is released, so it is written as a product. For
example, the reaction of sulfur dioxide to sulfur trioxide releases energy:

2503 + Oy — 2503 + 198, kJ

In this case, the negative sign indicates energy is released, but in the equation,
energy is added as a positive term on the product side.

For an reaction, energy is absorbed, so it is written as a reactant.
Consider the formation of ethene (C2Hy) and hydrogen (H2) from ethane (C2Hg):

CyHg + 136,kJ — CoHy + Ho

Here, energy is required to break the bonds in ethane and form ethene and hydrogen.

Chemical Potential Energy Diagrams

Chemical potential energy diagrams illustrate the energy changes during a chemical
reaction. They plot the potential energy (or enthalpy) of the system against the
reaction coordinate.

Key components:

. Represents the progress of the reaction (x-axis). No units.
. Energy of the system (y-axis), typically in kilojoules
(kJ).

To draw a chemical potential energy diagram:
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1. Write a balanced chemical equation with the enthalpy change (AH). The AH

value must be in kilojoules (kJ), not molar enthalpy.

2. Label the axes: reaction coordinate (x-axis) and potential energy or enthalpy (y-

axis).
3. Represent the reactants and products on the diagram.

o Products have lower potential energy than
reactants.

o Products have higher potential energy than
reactants.

4. Indicate the enthalpy change (A H) as the energy difference between reactants

and products. An arrow pointing downwards represents a negative
(exothermic) AH, while an arrow pointing upwards represents a positive
(endothermic) AH.

5. Include the , representing the energy required to start

the reaction.

Example: Formation of Magnesium Oxide
Consider the reaction: 2Mg(s) + O2(g) — 2MgO(s)

The molar enthalpy of formation of magnesium oxide (MgO) is —601.6,kJ/mol.
First, calculate the enthalpy change (A H) for the reaction:

AH = molar enthalpy x moles = —601.6,kJ/mol x 2, mol = —1203, kJ

In the chemical potential energy diagram:

2Mg+O 2

2,490

e Reactants: 2Mg(s) + O2(g) at a certain energy level.
e Products: 2MgO(s) at a lower energy level since the reaction is exothermi
e Enthalpy Change: A downward arrow indicating —1203, kJ.

It's important to note that if the stoichiometric coefficients of the equation are
doubled, the enthalpy change must also be doubled.

Practice Problem
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Draw a chemical potential energy diagram for the decomposition of water (H20). You
will need to determine the balanced equation, calculate AH from the given molar

enthalpy, and then construct the diagram.

AH =285 .ky
Pl /-mal

LY90 2y — 1\'\1 * O&
fsd\-\ =2x2835.8 20N1.€ kS

7

(
[ L 2Hp4 09
—

N
( +§7f-@k<5

2490

EXpianation:

Chemical Reactions That Absorb Energy

4 transition state

y A
5
) . 2H; (hydrogen) + Oz (oxygen)

activation —
> energy products
—
D | 2H,0 (water) + energy
W | energy absorbed

reactants
_____ B i W
Progress of the Reaction X
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Predicting Enthalpy Change of a Reaction

Recap of Previous Methods

e Molar enthalpy is the central concept for linking different methods of communicating enthalpy or sets of data.

e If you have an equation with a value, the equation provides the number of moles of each chemical and the associated
AH value, allowing you to determine molar enthalpy.

o If the equation has an energy term, a positive value indicates energy as a reactant, while a negative value indicates energy
released as a product.

« Molar enthalpy can be used to find a value in a chemical potential energy diagram, where the change in potential energy
(equated to AH) is plotted against the reaction coordmate

e Calorimetry experiments allow you to solve for the heat released or absorbed, and knowing the moles of the limiting
reagent allows you to solve for molar enthalpy.

Predicting AH for Equations

e The new skill is predicting AH for equations, which allows you to predict molar enthalpy.

e This is useful when you don't have calorimetry data but have data tables for the reactants and products (e.g., combustion of
propane).

e This technique helps answer real-world questions like how much energy is released when 10 grams of propane are
combusted.

Enthalpies of Formation
« Before using enthalpies of formation to solve for AH, we must understand what enthalpies of formation are.
e Formation reactions show the formation of a compound or molecule from its elements in their elemental states.
Example: Formation of water: Ha(g) + 502(g) — H20(l)
o The change in enthalpy for this reaction is —285.6kJ.
e Formation tables tabulate these values specifically for the product.
o A relative scale is set where every atom in its elemental form has a molar enthalpy value of zero.

o For hydrogen gas: Hy(g9) =0
o For oxygen gas: Oy(g) =0
o For liquid water: AH = —285.6kJ

e The values are assigned to the product (e.g., water).
e This is analogous to the Celsius scale, which is arbitrary compared to the Kelvin scale.

e This allows us to predict any reaction type.

Predicting AH for Any Reaction

* You can predict AH for any reaction using formation values (single replacements, double replacements, and combustion
reactions).
« To predict the change in enthalpy for a reaction, use the following equation:

AH = X(moles of productxmolar enthalpy of formation of product) — X(moles of reactantxmolar enthalpy of formation of veackonts)

« Data tables are under standard conditions, and AH will also be under standard conditions.

Example: Predicting AH for a Reaction
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 Consider the reaction: CaO(s) + H2O(l) — Ca(OH)»(s)
¢ To find the change in enthalpy:

AH = [1 mole Ca(OH)2x(—986.1 kJ /mol)] — [1 mole CaOx(—634.9 kJ/mol) + 1 mole HxOx (—285.8 kJ/mol))

o AH = —64.8kJ

Example: Predicting AH for Combustion of Propane

« We want to solve for the standard enthalpy change for the reaction of propane and then use that to answer what if 10
grams of propane is burned.

« First, balance the chemical equation: C3Hg(g) + 502(g) — 3CO:(g) + 4H20(g)

o Propane (C3Hs)

Oxygen (0)

Carbon Dioxide (CO»)

Water Vapor (H20)

« Important note: Burning anything in an open system yields gaseous water (water vapor), not liquid water, except in cellular
processes where liquid water is produced.## Predicting Enthalpy Change

o

o

o

We can use to predict the (AH) of a reaction without conducting a whole experiment.

Formula for Predicting Enthalpy Change
To predict the enthalpy change at standard conditions for a combustion reaction, we use the following formula:
Y (moles x molar enthalpy of formation of products) - X' (moles x molar enthalpy of formation of reactants)

e Products should be calculated before reactants.

Example: Combustion of Propane
Consider the combustion reaction of propane (CsHjg) with oxygen (O3) to form carbon dioxide (CO2) and water (H20):

CgHg(g) + 502(9) — 3002(9) + 4H20(g)

Calculation
1.

o Carbon Dioxide (CO,): 3 moles x -393.5 kJ/mol =-1180.5 kJ
o Water Vapor (H50): 4 moles x -241.8 kJ/mol = -967.2 kJ

o Propane (C3Hg): 1 mole x -103.8 kJ/mol = -103.8 kJ
o Oxygen (O,): 5 moles x 0 klJ/mol = 0 kJ (since oxygen is in its elemental form)

o AH.,ompustion = [(—1180.5) + (—967.2)] — [~103.8 + 0] = —2043.9 kJ

The negative sign indicates that the reaction releases energy (exothermic).
Key Takeaway

For the balanced equation where one mole of propane reacts with five moles of oxygen, 2043.9 kJ of heat is released. The
equation and the enthalpy term are linked; this value is specific to the reaction of one mole of propane.
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Molar Enthalpy Definition

A variation of molar enthalpy is change in enthalpy divided by moles (AH/moles).

Using Molar Enthalpy to Solve for AH

The change in enthalpy (AH) can be found using the formula:

AH = moles x molar enthalpy

Example Problem

What is the enthalpy change for the combustion of 10.00 grams of propane?

1.
o From the previous calculation, we know that when one mole of propane reacts, -2043.9 kJ of energy is released.
o Therefore, the molar enthalpy of combustion of propane is -2043.9 kJ/mol.
2.
o Given: 10.00 grams of propane (C3Hsg).
o Molar mass of propane: 44.11 g/mol.
o Moles of propane = mass / molar mass = 10.00 g/ 44.11 g/mol = 0.227 moles.
3.

o AH = moles x molar enthalpy
o AH = 0.227 molesx — 2043.9 kJ/mol = —463.96 kJ
o Rounding to three significant figures: AH = —464 kJ

Therefore, 464 kJ of energy would be released for the combustion of 10.00 grams of propane.

Steps for Solving Multi-Step Problems [

HLONE

Key Consideration

It's crucial to remember that the first calculation of AH is for the entire equation (i.e., per mole), while the second calculation is
for the specific amount given in the problem (e.g., 10 grams).
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Alberta

Scholars Of Calgary Northwest
Chemistry 30, Unit 1: Thermochemical Changes, 10 Questions

Your score was 7/10=70%. You took 58 minutes, 3 seconds to complete the test.

Click here to do this test again!

https://alberta.exambank.com/cgi-bin/examinator2/1396/8Q781PUOJ2DMPU1GF1P

Al ol og the Mon

15.00 g of calcium hydroxide, Ca(OH), ), is mixed with 700.0 mL of 0.500 mol/L Hy804(49) in an insulated cup The temperature

rises by 31.2°C. Assume that all of the calcium hydroxide reacts. The density of the final solution is 1.00 g/mL and a specific heat
capacity of 4.184 J/g °C.

What is the heat of reaction per mol of Ca(OH))? mol caco H)le \Sg " A~nol . 0. 202 m 0‘ ! UmiH"‘% =,

A) -91380 J/mol 74 9

B) -260 kJ/mol . 5. 0—35 ol
C) -452 kJ/mol mol H230,, = 0.7 0.5

D) -1000 kJ/mol wass - 700mL x _\D . 009
o

Q: wC AN = 700 x4 - \gq,‘g\,q_-;ql378»55 SQM.

y 2 m0
H2SO4(aq) + Ca(OH)2(s') _— %) + HzO(]) &“.‘—_ SO\—L‘— = 452 ky \ o020
' v o —

Correct. Your answer=C, Correct answer=C

Explanation:

Since all of Ca(OH)Z(s ) is used up, it must be the limiting reagent.
Molar mass Ca(OH), ) = 74.10 g/mol

mol Ca(OH),):

=15.00 g/74.10 g/mol
=0.202 mol

mass of reactants = 700.0 g

O=mxcxAT:

=700.0g x 4.184 J/g °C 31.2°C
=913791]

=91.4KkJ

91.4KkJ
0.202 mol

= 452 kJ/molCa(OH), )

AH =

C3Hgg) + 50,4 == 3CO,g) + 4H,0 ) +2043.9 kJ

If 512 g of propane are burned in an automobile engine, the amount of energy released (to the nearest tenth) is MlJ.

twasl 20439 KS
)

Incorrect. Your answer=23.8, Correct answer=23.7
\

ca ot = -Gl €1 ol
Mo\ Q%Hg- \ %7 L‘q"\ q *6l o

cinorey s 26-03\+_zg ., heot = W61%2043 Q =23724.2 Ky =
H:l.0! 8 =@.0%~ 29, M3
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{ Yoot ths s cn.ovx3) 4R = 44.03 .3/0‘
wm

Explanation:

mol of C3Hg = 1"”—4 = =11.61 mol

heat given off = 2043.9 kJ/mol x 11.61 mol =23724 kJ =23.7 MJ

2C4H10(g) + 1302(g) — 8C02(g) + lono(g) + heat

A lighter contains the fuel butane. How much heat is released when 0.500 g of butane in a disposable lighter is burned to form gaseous
carbon dioxide and water vapour?

\ maol
g; 6573k ot St -9 oy« Chomolsy i
Dy 22541 =0.00852943 --. " mol
Correct. Your answer=D, Correct answer=D bc“ - |:§ 10x-241-8) + (8%~3Q3-5')]~ [:Qx~\'l§‘.73
Explanation: o Ea.bkL Qube = 26513 ?%
AH: %o\ ol

=[10A47 (HyO ) + 8BAH(CO, )] — [2A4 (C4H )] Lol ¢ —2657.2 ¥
= [10mol x(-241.8 k/mol) + 8mol %(-393.5 kJ/mol)] — [2mol x(-125.7 kJ/mol)]

=-5314.6 kJ/2 mol butane

=-2657.3 kJ/mol molar mass C4H; o'ooeé ?

mol of butane burned: weoks - 22 .85 k‘3 = —-22.9 kj

n

M
__0.500g
58.14 g/mol
=0.0085999 mol
heat released:
=0.0085999 mol x -2657.3 kJ/mol 900 &
=-229kJ M=
—
4. The molar heat of solution for NaOH ) is —44.5 kJ/mol. If 40.0 g of NaOH is dissolved in 200.0 mL of water in a calorimeter, the
temperature of the water would increase by A\ "ol twaol NaoH
I3 NaQH:= 409 =
A) 53.1°C mo'S 0 2
B) 2124°C %BW\C AT
) 5.31x 10%°C X
D) 26.6°C ~44.52\000 X = 200 X x ‘{-\86/00‘

Incorrect. Your answer=C, Correct answer=A
—443500

Explanation: AT = = 53 A Oc
837-2

22 A%+ol £ L6 9

AT =

mol NaOH:

SE

_ _400g
40.0 g/mol

=1.00 mol

heat gained by water:

https://alberta.exambank.com/cgi-bin/examinator2/1396/8Q781PUOJ2DMPU1GF1P 2025-07-13, 1:30 PM
Page 2 of 6



Z445k]) — Y used 'H\e k3\0°r%‘0t to Convert }t ‘I“O :S‘
44,500 J

O=mxcxAT
44,500 J=200.0 g x 4.184 J/g°C x AT
AT=53.1°C
5.
Given the reaction: v A“ 40 — ’5“3 -3y
c —>
Ch0(g) + 30F2 ) —=2C1F30) +20;) @ — veleaseel — exodhenh " r J
What is the heat of reaction, AH|, for the reaction . Ev\cb M
wn the gueston —
3CIF3 ) + 305 —= 10O + OFy — TENEFSE ot what we e N FA
A - A“ (9]
A) +394 kJ Tl <7
B)-131kJ
C)-1182kJ
D) +131kJ 21 - —_
Correct. Your answer=D, Correct answer=D 2 5 >
Explanation: v 3

The given equation is exothermic and for this reaction AH,. = -394 kJ.

The reaction 3CIF3 ) + 205 — 2C10 ) + OF, ) is the reverse of the given equation divided by 3.

Heat of reaction for this reaction:
= % X + 394 kJ
=+131kJ

For the reaction

HA(aq) + BOH(LI(]) — BA(aq) + Hzo(l) ' Vo'“me - mml_ => MQﬁS:.Qw Q
|

the temperature rises by 0.320°C when 100.0 mL of 0.0500 mol/L HA ;) and 100.0 mL of 0.0500 mol/L BOH ;) are mixed in a
calorimeter. The specific heat capacity of the solutions is 4.184 J/g °C and the density of the solutions is 1.00 g/mL.

From this experimental data, which answer is correct?

=mC AT ()
A) HA(aq) + BOH(aq) —_— BA(aq) + H20(l) +26.8 kJ @ . e » 0_3 1 C
B) HA (44 + BOH (4g) —BAyq) T Hy0p) +53.6 K £ 200 9= 4-'84 =~
C) H+(aq) + OHi(aq) — Hzo(l) + 268 kJ %
D) HA ) + BOH ;) — BA 4 + HyO ) AH=-5.36 kI = 2617. 83 =0 Dé?g kj

C()rrect. Y()lll’ al1SW€I’=B, CO}‘I’EZC[ answer=B . ()O ;
mol HA = wol o H=0.120.05=0

Explanation:

Q=mxcxAT O.003%5 ol 0367?"-3
=200.0 g x 4.184 J/g°C x 0.320 °C

= 2678
~02678 10 \mo) 53.56 BJ

mol HA(aq):
= mol BOH(aq)

=cxV
=0.100 L x 0.0500 mol/L
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=0.00500 mol

heat released per mol of reactant:

_ 0.2678k]
0.00500 mol
=53.5 kJ/mol
- AT
7. When a 50.0 g sample of an unknown metal is heated from —10.0°C to 60.0°C, 452 J of energy is absorbed. The specific heat capacity of
the metal 1s -
=> = 0.\1 3
A) 0.129 J/g-°C 457 = S0x G R 70 < /°c.
B) 0.181 J/g-°C 9

C)9.04 J/g-°C
D) 0.113 J/g-°C

Correct. Your answer=A, Correct answer=A
Explanation:

heat gained:

O=mxcxAT

4523=50.0 g x ¢ x 70.0 °C
¢=0.129 J/g °C

Reaction 1:

ZFQ(S) + %Oz(g) — F6203(S)
AH=-825Kk]

Reaction 2:

C(graphite) + Oy/,) —= CO
AI§=I-7394kJ 2e) 2@ B [3,,..30]1.\] - [Q x -%2‘5.& 4468 KY

What is the enthalpy change for the reaction:
2Fey03,) + 3 Cry) — = 3CO, ) + 4Fe
~328ky o dAkq ©
A)-1219kJ
B) +468 kJ
C)+357kJ
D) -431kJ

Correct. Your answer=B, Correct answer=B
Explanation:
Reaction 1 (x -2):

2F6203(S) — 4FC(S) + 302(g)

AH = (-2)(-825 kJ)
=+1650 kJ

Reaction 2 (x 3):

3C(graphite) + 302(g) e 3C02(g)
AH = 3(-394 kJ)
=-1182kJ

Add:
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2F6203(S) + 3C(graphite) —— 4Fe(3) + 3C02(g)
AH =+468 kJ

AH = I)HO-OH

k
-s2ua.g = ((Gn -2u\.8) &+ (5x~-2A3 g)) X =
AH o, = -3244.8 kJ/mol of CsHyp )

AH®;(Hy0 ) = -241.8 kJ/mol < =135 \43/
AH®(COy ) = -393.5 kl/mol ol

CSHIZ(I) + 802(g) — 5C02(g) + 6H20(g)

%

Use this information to calculate the heat of formation, AH°4 for pentane, CsH ).

A) -173.5 kJ/mol
B) -6663.1 kJ/mol
C) -325.2 kJ/mol
D) -94.9 kJ/mol

Correct. Your answer=A, Correct answer=A
Explanation:

AHgomp, = [SAH(COy ) + 6AH 1 (Hy0 )] - [AH®4, (CsHyp )]
-3244.8 kJ = [(5 mol x -393.5 kJ/mol + 6 mol x -241.8 kJ/mol)] - [AH"f, (CSle(z))]
AH°; (CsHyp ) = -173.5 klJ/mol

10.

The decomposition of sulfur trioxide is represented by the equation

25031) —= 2505 + Oz > 230,+ 148 ky —> 230 ,+0q =
AH° =+ 198 kJ 3

1301‘_()‘1 —_— 1&03 ~\ag k3 =

Based upon this information, which one of the following thermochemical equations is correct?
JI803(g) —=SOxg) + §02) 1455k
B S0s) + 505 + 198°K] —= 505

1
©)30yg + 1029 —= 03y
D) S03g) —=SOsg + $0g)

. So, +10, = S04t 1K)

AMSo - endo thermia o the oppvéibt reackcon
W\ e exotherme -

Incorrect. Your answer=D, Correct answer=C
Explanation:

Since 2803(g) — ZSOZ(g) + Oz(g)
AH° =+ 198 kJ

then, 2SO3(g) + 198 k] —— 2SO2(g) + OZ(g)
or 2SOZ(g) + OZ(g) —_— 2503@) + 198 kJ

divide through by 2:
SOy + %oz(g) —= 803 +99kJ

Top Score Entry

If you would like to have your initials appear next to the
name of your school in the Top Score List for this practice
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Initials" button. Otherwise, if you are done reviewing your Send Your Results to Someone
test, you can close this window.

If you want to share your score on this test with someone,

you can enter the details below. Please make sure you get
Initials: . . .
their email address right!

Your Name: { ]
Email to send results [ ]
to:
Teachers, if you would like to give multiple students this Secret Word (*): [ ]
exact test to practice on ExamBank, copy the link below and

then share it with them. If they visit the link, after logging

in, they will be able to do this specific test online exactly as
it appears. Of course, they can share their results with you
when they're done too.

https://alberta.exambank.com/cgi-

bin/examinator2/1396?
0s=1752431400&0k=3894688262

(*) Your secret word is a word that your parent or teacher
may give you if they want to verify who you are. Just leave
this blank if you don't have one.
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