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Section 2 - Practice Problems

Part A - Fundamental Problems (Problem 8)
Problem 8

Decide whether the equation below can be used directly as the standard enthalpy of
formation equation for COz()
C(graphite) + O2g) — CO2(g)
Part B - Intermediate Problems (Problem 16)
Problem 16
50.0 mL of 1.00 mol/L HClq) is mixed with 50.0 mL of 1.00 mol/L NaOHaq). The

temperature rises from 21.5 °C to 28.2 °C. Assume density = 1.00 g/mL and ¢ = 4.184
J/(g-°C). Calculate AHneutraiization per mole of H20() formed

Part C - Advanced Problems (Problem 32)

Problem 32
A 20.0 g sample of ice at 0 °C is added to 250.0 g of water at 30.0 °C. Assuming no

heat loss, determine the final temperature
Part D - Challenge Problems (Problem 45)
Problem 45

Estimate AHxn for the reaction below
CH3OHg) + 3/2 O2(g) — CO2(g) + 2 H20(g)
Using bond energies: C-H =413 kJ/mol, C-O = 358 kJ/mol, O-H = 463 kJ/mol, O=0 =
498 kJ/mol, and C=0 in CO2 = 799 kd/mol
If 4.00 g of CH30OHg) burns and 70.0% of the released heat warms 500.0 g of water,

calculate the water temperature increase
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Section 3 - Solutions

Problem 8 Solution

Given: The equation is C(graphite) + Oz — COz(). It forms COzg) from elements in
their standard states

Find: Whether the equation directly represents AH{CO2()]

Method: A standard enthalpy of formation equation must form exactly 1 mol of

compound from elements in their standard states
Formula: Formation equation: elements in standard states — 1 mol compound

Calculations: The equation forms exactly 1 mol CO2g). Carbon is written as graphite,

the standard state of carbon, and oxygen is O2(), the standard state of oxygen
This is a definition question, so significant figures do not apply

Final answer: Yes, it is a valid formation equation for CO2)
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Problem 16 Solution

Given: The acid and base volumes are each 50.0 mL, each concentration is 1.00
mol/L, total solution mass is 100.0 g, and AT =28.2°C-21.5°C=6.7 °C

Find: The neutralization enthalpy per mole of H.O() formed

Method: The solution absorbs heat, so the reaction releases the same amount of heat.
The moles of water formed equal the moles of limiting HCI or NaOH because this is a

1:1 neutralization
Formula: gsoiution = M-C-AT, Qreaction = -Qsolution, aNd AH = Qreaction/NH20

Calculations: gsoution = (100.0 g)(4.184 J/(g-°C))(6.7 °C) = 2803.28 J = 2.80328 kJ.
NH2o0 = (0.0500 L)(1.00 mol/L) = 0.0500 mol. AH =-2.80328 kJ / 0.0500 mol = -56.0656
kJ/mol

The value is close to the expected strong acid-strong base value near -57 kdJ/mol. The

final answer is rounded to three significant figures

Final answer: -56.1 kJ/mol H20
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Problem 32 Solution

Given: The ice mass is 20.0 g at 0 °C, and the water mass is 250.0 g at 30.0 °C. Use
AHsys = 334 J/g and Cwater = 4.184 J/(g-°C)

Find: The final temperature after the ice melts and the mixture reaches equilibrium

Method: First check whether the warm water can melt all the ice. Then use remaining

heat to warm the melted ice and original water together
Formula: qwater to 0 = mwater'c-AT, gmelt = Mice' AHtus, and Qremaining = (Mtotat) C- T#

Calculations: gwater to 0 = (250.0)(4.184)(30.0) = 31380 J. gmelt = (20.0)(334) =
6680 J. Remaining heat = 24700 J. Tr=24700J/[(270.0 g)(4.184 J/(g-°C))] =
21.8646 °C

All the ice melts because the warm water can release more heat cooling to 0 °C than is

needed to melt the ice. The answer is rounded to three significant figures

Final answer: 21.9 °C
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Problem 45 Solution

Given: The reaction is CH30OH(g) + 3/2 O2g) — CO2(g) + 2 H20(g). The methanol mass is
4.00 g, and 70.0% of the released heat warms 500.0 g of water

Find: The estimated reaction enthalpy and the resulting water temperature increase
Method: Use bond energies to estimate AH. Then convert methanol mass to moles,
calculate released heat, apply the efficiency, and use q = m-c-AT for water

Formula: AHx, = Z bonds broken - 2 bonds formed, quseiu = efficiency-n-|AH|, and AT
= Qusefu/(M-C)

Calculations: Broken bonds = 3(C-H) + C-O + O-H + 1.5(0=0) = 3(413) + 358 + 463
+ 1.5(498) = 2807 kJ. Formed bonds = 2(C=0) + 4(O-H) = 2(799) + 4(463) = 3450 kJ.
AH = -643 kd/mol. n =4.00/32.04 = 0.1248 mol. Useful heat = 0.700(0.1248)(643 kJ)
=56.19 kJ. AT =56190 J /[(500.0 g)(4.184 J/(g-°C))] = 26.86 °C

The water receives only part of the combustion energy, so the efficiency must be
applied before calculating AT. The final temperature increase is rounded to three
significant figures

Final answer: AHn = -643 kdJ/mol; AT =26.9 °C
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Section 4 - Answer Key

Problem |Answer

8 Yes, it is a valid formation equation for CO2(g)
16 -56.1 kJ/mol H20
32 21.9°C

45 AHmn = -643 kd/mol; AT =26.9 °C
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