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Introduction

For AP Chemistry students, mastering the core concepts in Chapters /5 and /6 is essential to achieving a strong
score on the exam. These two chapters—Thermodynamics and Chemical Kinetics—form the foundation of many
higher level topics and frequently appear in the AP Chemistry exam’s multiple choice and free response sections.
This article provides a comprehensive, student friendly set of notes that distill the most important ideas, equations,
and strategies from both chapters. Whether you're reviewing for the mid term, preparing for the AP exam, or simply
looking to strengthen your understanding, these AP Chemistry chapter /5 /6 student notesll guide you through
the key concepts with clear explanations and practical examples.

Chapter /5: Thermodynamics — Student Notes

5.1 Overview of Thermodynamics

Thermodynamics is the study of energy, heat, and work in chemical systems. It focuses on how energy is
transferred and transformed, and how these changes affect the properties of matter. In AP Chemistry, Chapter 5
introduces the fundamental laws that govern these processes, the concept of state functions, and the relationships
between enthalpy, entropy, and Gibbs free energy.

5.2 The First Law of Thermodynamics
The first law, a statement of energy conservation, is expressed as:
1. 9ERO 2W

Where 9ER —2 FtR 6T a&evR -4 —¢FW nal energy, Q is the heat added to the system, and W is the work done on the
system. For most AP Chemistry problems, work is often expressed as W = -P9ECompression or expansion against
a constant external pressure).

¢ Positive Q means heat flows into the system.
* Positive W means work is done on the system.

5.3 Enthalpy (9D,
Enthalpy is a state function defined as H = U + PV. The change in enthalpy for a reaction is given by:
1. 9D, O £9D...6bt &GV7G2’ O £9D...6b1&V 7F ¢G2»

Key points:

e Exothermic reactions have negative 9D,a
e Endothermic reactions have positive 9D,a
» 9D, 6 4 &R OV 7W&VB Pxperimentally via calorimetry.

5.4 Entropy (S)

Entropy quantifies the degree of disorder or randomness in a system. The change in entropy for a process is:

1. 9E2 O £S_f(products) - :556b1&V 7F ¢G2¢



Entropy increases with:

e Higher temperature.
« More microstates (e.g., gases have higher S than liquids).
e Greater number of moles.

5.5 Gibbs Free Energy (9Dre

Gibbs free energy combines enthalpy and entropy to predict spontaneity:
1. 9Dr O "H - T9EO
Interpretation:

* 9Dp
e ODroad 0 "eeba 7 6¢F eeV+WO.
+ 9Dr60 6 "W V—/E-"ium.

For chemical reactions, 9Dr —2 6 £7VA FVB W6—aer 7F &F &B v— bs energies of formation:
1. 9D{ O £9Dudk f &5GV7G2’ O £9Dudk t&V 7F ¢G2»
Remember: Temperature is in Kelvin; the sign of 9Dr FW VG2 6a &+F, "H and 9EO.

5.6 Hess’s Law

Hess's Law states that the total enthalpy change for a reaction is independent of the pathway. This allows us to
combine known 9D£ values to find unknown ones. Typical AP problems involve constructing a reaction pathway that
uses tabulated 9D...06b "alues.

5.7 Standard States and Tables

Standard states (1 /atm, 25 /°C) are used for tabulated thermodynamic data. Common tables include:

e Standard enthalpies of formation (9D...0k 'a
e Standard entropies (S°).
e Standard Gibbs energies of formation (9Dudk 'a

Students should memorize the standard values for common species (H,, O,, N,, CO,, H,O(l), H,O(g), NH f, etc.) as they
frequently appear in exam questions.

5.8 Heat Capacity and Calorimetry
Heat capacity (C) is the amount of heat required to raise the temperature of a substance by 1 °C (or 1 K). The
calorimetry equation is:

1. g=m/C/9E@

For reactions in solution, use the heat capacity of water (4.18 /J /g {* /K {%). For solids, use their specific heat capacities.

5.9 Common Thermodynamics Problems

1. Determine 9D, “or a reaction using Hess'’s Law.

2. Calculate 9Dr “or areaction at a given temperature.

3. Predict spontaneity of a reaction using 9Dra

4. Use calorimetry data to find 9D, 6b 660 ustion or dissolution.

5.



Apply the van’t Hoff equation to relate equilibrium constants at different temperatures.

5.10 Exam Tips for Thermodynamics

« Always convert temperatures to Kelvin before using 9Dr O "H /- /T9EQ.
¢ Check sign conventions: exothermic 9D, —2 &eVv F—e.
* For multiple choice questions, look for “most likely” answers that use standard values.
¢ Practice Hess’s Law with diagrammatic reaction pathways.
* Remember that 9E2 “or gas formation is typically positive.
5.11 Summary of Chapter /5

Thermodynamics in AP Chemistry centers on energy conservation, enthalpy, entropy, and Gibbs free energy.
Mastery of the first law, enthalpy calculations, and spontaneity criteria allows students to tackle most exam
questions confidently. Remember to practice with real data tables and to keep temperature in Kelvin when applying
9Dr W V F-6¢0.

Chapter /6: Chemical Kinetics — Student Notes

6.1 Overview of Chemical Kinetics

Chemical kinetics studies the rates at which reactions occur and the mechanisms that control those rates.
Chapter 6 covers the rate law, reaction orders, integrated rate equations, and the Arrhenius equation.
Understanding kinetics is crucial for predicting reaction behavior and designing industrial processes.

6.2 Rate Laws and Reaction Orders
The general rate law for a reaction:
1. Rate =k /[[A]*m /[B]*n

Where Kk is the rate constant, [A] and [B] are reactant concentrations, and m and n are the reaction orders with
respect to each reactant. Key concepts:

e Overall order =m /+ /n.
¢ Units of k depend on overall order (e.g., M { /s {* for second order).
* Experimental data (e.g., concentration vs. time) is used to determine orders.

6.3 Determining Reaction Order

Common methods:

1. Initial Rate Method — Measure initial rates for different initial concentrations.
2. Integrated Rate Laws — Plot data according to first , second , or zero order forms to identify linearity.

Example: For a reaction A /! /products, if In[ A] vs. time is linear, the reaction is first order.

6.4 Integrated Rate Equations

For a general reaction of order n:

e Zero order (n /=/0): [A] = [A]_O — kt
e First order (n /=/1): In([A]/[A]_0O) = —kt
e Second order (n /=/2): 1/[A] — 1/[A]_0 = kt

Use these equations to solve for k, t, or concentration when given sufficient data.

6.5 The Arrhenius Equation



The Arrhenius equation relates the rate constant to temperature:
1. k= A/eN-Ea/RT)

Where A is the frequency factor, Ea is the activation energy (kJ mol {), R is the gas constant (8.314 J mol {* K {}),and T
is temperature in Kelvin. Taking natural logs:

1. In/k = In /A — Ea/(RT)

Plotting In k vs. 1/T yields a straight line with slope —Ea/R and intercept In A. This is useful for determining activation
energies from experimental data.

6.6 Reaction Mechanisms
A mechanism is a stepwise series of elementary reactions that produce the overall reaction. Key points:
e Elementary reactions follow rate laws where the rate depends on the stoichiometry of the elementary step.

« Rate determining step (slowest step) controls the overall rate.
¢ Intermediate species are formed and consumed within the mechanism.

Mechanisms help explain why some reactions are faster or slower than others, even if the overall stoichiometry is
similar.

6.7 Catalysis

Catalysts lower the activation energy (Ea) without being consumed, increasing the rate constant (k). In AP
Chemistry, students often compare the rate of a catalyzed reaction to an uncatalyzed one, using the Arrhenius
equation to illustrate the effect of Ea.

6.8 Common Kinetics Problems

1. Determine the rate law from experimental data.

2. Calculate the rate constant using integrated rate equations.

3. Find the activation energy from temperature dependent rate constants.
4. Predict the effect of concentration changes on reaction rate.

5. Compare rates of a reaction with and without a catalyst.
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