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How to Use This Book


You are about to embark on one of the more intellectually challenging experiences of your life: the Advanced Placement exam in Chemistry. Fewer than 1 percent of all high school students take this exam. Whatever the outcome, you are to be congratulated as one of a select group. As a conscientious student, you can use this review book to help you increase your score. A higher score can lead to college course credit and a head start in your selected career.




Diagnostic and Practice


You may find that the AP exam in Chemistry is different from other exams and tests that you have taken. Explain, compare, and predict are three important words often used on the AP Chemistry exam. Remembered facts and calculation procedures are the basic groundwork of chemistry; however, high scores require a thorough understanding of fundamental chemical principles and relationships. Chemistry is rich in these relationships. The key to success on the exam is to think like a chemist and to apply your knowledge of one or more basic principles to provide a logical description of how atoms, ions, and molecules behave.







Content Review


This review book is designed with you, the student, in mind. It concentrates on the topics that are essential for a good score on the AP Chemistry exam. In particular, the book is designed to provide insights into the use of basic principles to answer seemingly complex questions.


The discussion in each chapter is interspersed with exercises in which subject-matter problems are presented and solved. At the end of each chapter are questions to test your understanding of the topics discussed. These, together with the three diagnostic and three practice tests, provide hundreds of questions with a range of difficulty and complexity typical of an Advanced Placement exam.







To Teachers and Students


Although many questions on the actual exam as well as the practice exams in this book will touch on two or more concepts, the diagnostic test and chapter questions in this book are written mainly as one-concept problems. In this way, the diagnostic material will help you to pinpoint weak areas on which you need more preparation, and the explained answers can be used to identify sources of error or confusion.


If you feel that our review has not lived up to your expectations, feel free to contact us at jespersn@stjohns.edu and pamela.kerrigan@mountsaintvincent.edu. We would also be glad to hear your success stories.
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As you review the content in this book and work toward earning that 5 on your AP CHEMISTRY exam, here are five things that you MUST know above everything else:
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	Knowing the basics is universally important. Writing formulas and naming them, writing and balancing chemical equations, counting atoms, and determining molar masses along with proper use of significant figures are the “little things” that make a big difference between a 4 and a 5! Knowing the basics well also speeds your work so you will seem to have more time for the tough questions. Basic theories of chemistry require an understanding that can be applied to explaining chemical principles. These include the atomic theory, acid–base theories (Arrhenius and Brønsted-Lowry), VSEPR theory, kinetic molecular theory, collision theory, and transition state theory.
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	Atomic and molecular structures are fundamental to explaining many of the physical and chemical properties of substances. Atomic structure involves electron configurations and helps explain relationships within the periodic table. Molecular structure involves Lewis structures and VSEPR theory to obtain three-dimensional shapes and polarities. Polarity, or the lack of polarity, is the fundamental feature that allows the assessment of the strengths of intermolecular forces of attraction that then allows the explanation of many physical properties.
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	Stoichiometric calculations are used to solve many AP Chemistry problems. These problems include questions on how much of one substance reacts with another, limiting reactant calculations, titration calculations, and empirical formula calculations.
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	Principles of chemical kinetics, chemical equilibrium, and thermodynamics are used to explain and/or solve many questions. Chemical kinetics describes what happens as substances react and is used to deduce what happens during a chemical reaction. A dynamic equilibrium is the state that occurs after chemical change has ceased and may be used to determine the extent of reaction or the composition of the equilibrium mixture. The approaches for kinetics and equilibrium are distinctly different and must not be confused. Thermodynamics explains why chemical reactions occur in terms of changes in potential and kinetic energies. Thermodynamics also provides methods for relating the Gibbs free energy with equilibrium constants and galvanic (voltaic) cell voltages.
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	Representation and interpretation of the concepts and facts of chemistry are necessary skills. In today’s world, representations are used to explain complex issues and procedures. The AP Chemistry course embraces this thought. You will find many common chemistry ideas translated to representations of the microscopic/molecular world. Interpretation of data, or evidence, is another skill developed by taking an AP course. It is essential that students learn to correctly interpret what they are observing. Reviewing a graph, table of data, or representation of the molecular world and coming to a reasonable conclusion about its meaning is an essential skill in this complex world.




















 


Introduction




Important Facts About the AP Exam in Chemistry


This exam is given in May each year at selected sites throughout the country. Exact dates, locations, and application forms are available in most guidance counselor offices. Information is also available from College Board. As of May 2025, this exam is only being offered as a hybrid exam. You will be able to view all questions (both multiplechoice and free-response) within the Bluebook app but must respond to all multiple-choice questions digitally within Bluebook. You will still handwrite your answers to the free-response questions in paper exam booklets that will be turned in and scored.


The College Board has a specific e-mail system that assures they have essential information to answer your questions. Use the general website (https://www.collegeboard.org/contact-us) to enter the College Board e-mail system.







Essential Details


This section gives essential details about the exam itself so that nothing should be a surprise when taking the AP Chemistry exam. As mentioned before, the exam is now a digital hybrid one, but the format and timing have remained the same.


The exam itself is 3 HOURS and 15 MINUTES long. It consists of two separate sections usually separated by a short break.


Section I: Multiple-Choice


Number of Questions = 60 questions


Time Allowed = 90 minutes (1 hour, 30 minutes)


Weight of the Multiple-Choice Questions = 50% of exam score


The aim of the multiple-choice questions is to pose concise questions based on learning objectives. These questions combine science practices with specific content that is covered in the AP Chemistry course. There is no penalty for incorrect answers. The time budget is 1.5 minutes per question.




Remember


A scientific or graphing calculator is permitted on both sections.


The digital interface will include a built-in periodic table and formula sheet. (see Practice Tests for details).





Section II: Free-Response


Number of Questions = 7 questions (3 long-answer and 4 short-answer questions)


Time Allowed = 105 minutes (1 hour, 45 minutes)


Weight of the Free-Response Questions = 50% of exam score


It is expected that students will budget approximately 23 minutes each for the three long questions having 7 to 10 parts. For the short questions with 3–5 parts, it is expected that they will be completed in 9 minutes each.


Exam free-response questions are based on learning objectives. These combine science practices with specific content that is covered in the AP Chemistry course. The free-response questions will ask you to do the following:






	■Solve problems mathematically, including symbolically



	
■Design and describe experiments





	■Perform data and error analysis



	■Explain, reason, or justify answers



	■Interpret and develop conceptual models









Students have a periodic table of the elements and a chart of equations and constants to use on the entire exam. (See pages 464–466 for these tables and charts.) In addition, students may use a scientific or a graphing calculator on the free-response section.




Calculator Policy


Starting with the 2022–23 school year (spring 2023 exam), a scientific or graphing calculator was recommended for use on both sections of the exam. You are allowed to use 4-function calculators, but they are not recommended. You may bring extra batteries and only one extra calculator. Sharing calculators is not allowed. Be sure to check the website shown for allowed and disallowed calculators: https://apstudent.collegeboard.org/takingtheexam/exam-policies/calculator-policy. (The authors believe that a ten-dollar scientific calculator is sufficient for the AP Chemistry exam with enough money left over to buy the recommended second, back-up scientific calculator.)










Scoring of the Exam


There is no penalty for wrong answers, and there is no penalty for leaving a question unanswered. However, with

the exam being digital, there is a tool within the interface where you can mark certain questions to go back to when

you are ready.


Highly trained high school and college chemistry teachers using a predefined scoring system grade the free-response section. Scoring is reviewed several ways to ensure consistent results. In addition, different readers grade each question to avoid carryover from one question to the next. Exams are chosen randomly for rescoring to be sure that scores do not drift during the scoring sessions.


Scores for Sections I and II are combined to obtain an overall score. These are then translated into the 1 to 5 rankings that students and colleges receive. The scoring varies little from year to year, as the following table indicates.




Previous AP Chemistry Test Score Distributions


























	

Exam Score




	

2019 % Attaining




	

2020 % Attaining




	

2021 % Attaining




	

2022 % Attaining




	

2023 % Attaining




	

2024 % Attaining













	

5




	

11.5




	

10.4




	

11




	

11.4




	

16.0




	

17.9









	

4




	

16.6




	

18.2




	

16




	

16.5




	

27.1




	

27.4









	

3




	

27.5




	

26.4




	

24




	

24.8




	

32.0




	

30.3









	

2




	

23.0




	

23.8




	

25




	

24.2




	

16.9




	

16.9









	

1




	

21.4




	

21.1




	

24




	

24.1




	

8.0




	

7.5









	

% with 3 or more




	

55.6




	

55.0




	

51




	

52.7




	

75.1




	

75.6









	

Mean Exam Score




	

2.74




	

2.72




	

2.65




	

2.69




	

3.26




	

3.26









	

Number of Students




	

158,847




	

145,540




	

134,316




	

124,780




	

139,448




	

139,448




















Science Practices


The science practices below are central to the study and practice of chemistry. The AP course should develop in each student the described practices in the classroom and laboratory settings. These should be done on a regular basis over the span of the course.




Science Practices and Weighted Usage on the AP Exam






















	

Science Practice




	

Name




	

Description




	

Multiple-Choice




	

Free-Response













	

1




	

Models and Representations




	

Describe models and representations, including across scales.




	

8–12%




	

2–4%









	

2




	

Question and Method




	

Determine scientific questions and methods.




	

8–12%




	

10–16%









	

3




	

Representing Data and Phenomena




	

Create representations or models of chemical phenomena.




	

Not applicable




	

8–16%









	

4




	

Model Analysis




	

Analyze and interpret models and representations on a single scale or across multiple scales.




	

23–30%




	

5–9%









	

5




	

Mathematical Routines




	

Solve problems using mathematical relationships.




	

35–42%




	

43–53%









	

6




	

Argumentation




	

Develop an explanation or a scientific argument.




	

8–12%




	

15–24%




















Answering Free-Response Questions


In the free-response section you are asked to perform a given task. The important part of this is understanding what you have to do. If you seek out the following words (calculate, describe, determine, estimate, explain, predict, make a prediction, identify/indicate/circle, justify, make a claim, represent, draw, write an equation, complete a diagram), your path to a correct response will be obvious. Below is an analysis of each of these words and what the AP examiners are expecting from you.


Calculate: Perform mathematical steps to arrive at a final answer, including algebraic expressions, properly substituted numbers, and correct labeling of units and significant figures.


Describe: Provide the relevant characteristics of a specified topic.


Determine: Make a decision or arrive at a conclusion after reasoning, observation, or applying mathematical routines (calculations).


Estimate: Roughly calculate numerical quantities, values (greater than, equal to, less than), or signs (negative, positive) of quantities based on experimental evidence or provided data.


Explain: Provide information about how or why a relationship, process, pattern, position, situation, or outcome occurs, using evidence and/or reasoning to support or qualify a claim. Explaining “how” typically requires analyzing the relationship, process, pattern, position, situation, or outcome; whereas, explaining “why” typically requires analysis of motivations or reasons for the relationship, process, pattern, position, situation, or outcome. Also phrased as “Give one reason.”


Identify/Indicate/Circle: Indicate or provide information about a specified topic in words or by circling given information. Also phrased as “What is?” or “Which?” or other interrogatory words.


Justify: Provide evidence to support, qualify, or defend a claim and/or provide reasoning to explain how that evidence supports or qualifies the claim.


Make a claim: Make an assertion that is based on evidence or knowledge. The claim should use, but is not limited to, two or more principles, trends, or facts.


Predict/Make a prediction: Predict the causes or effects of a change in, or disruption to, one or more components in a relationship, pattern, process, or system.


Represent/Draw/Write an equation/Complete a diagram: Use appropriate graphs, symbols, words, and/or models to describe phenomena. Sketches that illustrate apparatus and structure can be used to show a specific subject. The relation of two factors (e.g., temperature and volume) can be shown with a sketch of a graph.




Inquiry-Based Investigations


Twenty-five percent of instructional time is devoted to inquiry-based laboratory investigations. Students ask questions, make observations and predictions, design experiments, analyze data, and construct arguments in a collaborative setting where teachers direct and monitor students’ progress.


After looking at this list, every item seems perfect since that is how a scientist performs his or her job. However, that is not what was taught and tested in the past. Just memorizing facts and names will no longer suffice. Learning a set procedure to get an answer is not the focus of the test. You will have to interpret and evaluate data tables and graphs. You will have to explain representations of matter about the molecular and laboratory scale.


This current edition of Barron’s AP Chemistry has been carefully reviewed to take out the material that will not be tested and to include the most recent updates to the course description from the College Board. For example, the four big ideas of chemistry have been removed as they are no longer part of the course. However, we have retained some material that may not be tested directly but that the authors feel is necessary for proper context. The book focuses on basic information and techniques with the idea that a firm foundation in the basics will make it easier to work on the more difficult questions. To help you relate the chapter content to the six science practices and learning objectives, we have listed the relevant topics at the beginning of each chapter. All topics you cover in your course and all questions presented on the AP Chemistry exam should be related in some way to these items. You will see this as you review the sections of the book.










Chemical Calculations and Relationships


Below is a list of problem types and calculations that the test taker should have mastered after taking an Advanced Placement course. The student should be able to assess calculation results in regard to reasonableness, significant figures (including the results of logarithmic and exponential operations), and precision of measurements. In addition, students will be expected to use results of calculations for scientific argumentation.






	1.Percentage composition



	2.Empirical formulas from experimental data and molecular formulas from empirical formulas



	3.Molar masses from gas density measurements



	4.Gas laws, including the ideal gas law and Dalton’s law of partial pressures



	5.Stoichiometric relations using the concept of the mole; titration calculations



	6.Mole fractions and molar solutions



	7.Faraday’s laws of electrolysis



	8.Equilibrium constants and their applications, including their use for simultaneous equilibria



	9.Standard electrode potentials and their use



	10.Thermodynamic and thermochemical calculations



	11.Kinetics calculations














Using this Book More In-Depth


Every student taking the AP Chemistry exam is an individual with different plans and needs. When used properly, this book can be individualized to help any student maximize their score on the AP exam no matter what their previous preparation or success with learning chemistry has been. There are two important factors: (1) the time available for your preparation before the exam and (2) your current knowledge of chemistry. Look under the heading below that seems to fit you best.




I’m at the Top of My Class and Just Need a Tune-Up


This review book has the most problems and questions of any currently available. If you are at the top of your class, the first place to start is with a sample of the AP exam. There are six tests available—three at the end of this book and three online versions. Take these tests to sharpen your responses and learn how to manage your time.







I Do Pretty Well, but I Can Do Better


You will need a little time to review all the topics. We suggest taking one of the six practice tests to see how you do. If you do well, study the topics that show up as weaknesses. If your score is less than desired, you might want to try the short diagnostic tests.







Average Describes Me, but I Need to Excel


Start with a short diagnostic test. Evaluate where the problems lie, and read those parts of the book thoroughly. Try a practice test and evaluate your results. If needed, take another short diagnostic test to locate and correct your major problems.







Chemistry Confuses Me, Help


Even the totally confused can be helped. Start with the diagnostic tests. Review the chapters on subjects that show up as problems in the analysis. Repeat the diagnostic tests as needed. The more time you have, the better. However, the diagnostics in this book help identify the areas that can produce a better score with the time available.










Organizing Your Review




	1.PLAN TO START REVIEWING AS SOON AS POSSIBLE. You don’t go on a diet and lose 10 pounds in 1 day, you cannot exercise for a week and run a marathon, and you cannot read this book in one sitting and have a thorough review of chemistry. The sooner you start reviewing, the more leisurely pace you can use to digest information. Cramming does not allow time for concepts to gel and for relationships to become apparent.



	2.SET A SCHEDULE FOR YOUR REVIEW. Depending on the available time before the AP exam, divide your review into reasonable study blocks. Schedule more time than you need, plan on 2-hour study sessions, and reward yourself with time off for topics you know well.



	
3.ACTIVELY READ. Active reading is a method to help you retain more of the material you are studying. Just reading the textbook often does not necessarily make the material stick in your memory. However, there are several “tricks” to implant information more firmly in your brain that we suggest here:




	■Read slowly, perhaps even out loud to a friend, a sibling, or a stuffed animal, a or even to the TV (with the sound turned off) or a wall.



	■Write down the most important word(s) in each paragraph. If it is your book, write these words in the margin of the book so you will see them later.



	■Write a one- or two-sentence summary of each paragraph. Again, write in the book if possible.



	■For a moment, assume you are the teacher. Write a question you would ask about this paragraph.



	■Write a rating of the paragraph using a 0 to 5 scale (or any other scale) that will remind you about the importance to return to and review the paragraph again. Write this rating in the book.



	■Whenever an example problem is solved in the text, write down the mathematical steps.



	■When answering end-of-chapter multiple-choice questions, explain in writing why your answer is correct.



	■Teach the material to someone else. Teach your pet or TV if you need an audience.








	Notice the important feature of active reading is to write things down. This moves the activity from your eyes to your hands (highlighting and circling don’t count!) and your brain. Interestingly, solving problems is a learned activity like riding a bike; once you learn to ride, you never forget.



	Don’t just read this book; actively study it. Use a red pen to cancel units in problems. Write out the answers to all problems; don’t solve them mentally. Make notes of topics that you find confusing.



	4.ASSESS YOUR PROGRESS AND REVIEW YOUR WEAKNESSES. Use the diagnostic tests to help you concentrate on specific areas. Use the practice exams to become accustomed to test conditions.






The following schedule may be helpful in planning your review sessions. Each directive represents a 2-hour session. The schedule should be read horizontally, not vertically. For example, in the first week of review, you would take the first diagnostic test on Monday, review the first most-needed chapter on Wednesday, and review the second most-needed chapter on Friday.


The schedule requires 8 weeks to complete and leaves all weekends, as well as Tuesdays and Thursdays, free. You can change this to a Tuesday/Thursday/Saturday schedule or any other sequence that assures regular review. This schedule can be compressed into as few as 3 weeks if review is done on a daily basis.


Practice Test 3 is included for additional practice.
























	

	

Monday




	

Tuesday




	

Wednesday




	

Thursday




	

Friday













	

Week 1




	

Take first diagnostic test.




	

	

Review first most-needed chapter.




	

	

Review second most-needed chapter.









	

Week 2




	

Take second diagnostic test.




	

	

Review first most-needed chapter.




	

	

Review second most-needed chapter.









	

Week 3




	

Chapter 1




	

	

Chapter 2




	

	

Chapter 3









	

Week 4




	

Chapter 4




	

	

Chapter 5




	

	

Chapter 6









	

Week 5




	

Chapter 7




	

	

Chapter 8




	

	

Chapter 9









	

Week 6




	

Chapter 10




	

	

Chapter 11




	

	

Chapter 12









	

Week 7




	

Chapter 13




	

	

Chapter 14




	

	

Take first practice test.









	

Week 8




	

Review




	

	

Review weak areas.




	

	

Take second practice test.












(If results indicate continued weakness after the second practice test, repeat the last week of review and take the third diagnostic test.)







What to Expect on the AP Chemistry Exam




	1.EXAM DIFFICULTY. There is no question that the AP Exam in Chemistry is difficult, and there are at least three reasons. First, some questions will be totally unfamiliar, either because they are asked in a unique manner or the topic was not covered in class. Because of the volume of material, even college-level courses do not include all of the topics presented on the exam. Don’t waste time on questions dealing with unfamiliar material. Second, the examination is long. The multiple-choice section allows an average of 1.5 minutes per question. Third, many questions combine two or more concepts.



	Another difficult part of the exam is Section II, where written answers—either mathematical calculations or essays—are required. In addition to knowing the material, you must produce a logical, well-organized, and well-written response. You often need a significant amount of practice with writing skills to do well on this section. The more practice you have in writing out calculations and discussing the significance of results, the better you will score on this section.



	2.SECTION I: MULTIPLE-CHOICE QUESTIONS. (60 QUESTIONS, 90 MINUTES; CALCULATORS ARE ALLOWED) This section contains two types of questions. Conceptual questions ask you to recall a concept and then use it correctly to answer a question or evaluate a hypothetical situation. Calculation questions require you to set up the correct way to make calculations with or without using a calculator. These questions expect you to use given data so that you can do calculations to solve common problems. A table of symbols, constants, and equations is available for use along with a periodic table.



	
3.SECTION II: FREE-RESPONSE QUESTIONS. (3 LONG QUESTIONS AND 4 SHORT QUESTIONS, 105 MINUTES) A periodic table and a table of symbols, constants, and equations can be used. In addition, an approved calculator (see calculator policy) can be used. The section includes 3 long questions that are multipart and multiconcept. One of these may involve a laboratory experiment. The 4 short questions often involve a few parts and one or two concepts. All free-response questions must be answered in a well-written, logical, and mathematically correct fashion. In several questions, you will be asked to explain your reasoning or justify your results. You may be asked to draw representations of the molecular scale, draw diagrams of instruments or experiment setups, or extract and analyze data from tables and graphs.










What the AP Exam DOES NOT Include


No data tables—for example, the density of water at different temperatures—are provided. If needed, values for equilibrium constants and thermodynamic quantities will be given with the question. The periodic table uses only symbols and does not give names of the elements. Named equations such as Beer’s law are given, but the name is not. Aids such as common oxidation numbers or ionic charges are not given. You must recall polyatomic ion formulas, charges, and names along with methods for balancing redox reactions.




Tip


No equations are referred to by name, such as the Arrhenius or Henderson-Hasselbalch equations.













How to Maximize Your Score


The AP exam in Chemistry is designed so that the average score will be approximately 50 percent (or a 3 on a 1–5 scale). This is done by careful selection of the difficulty of the questions and of the length of the exam itself. There are well-known concepts and methods for ensuring that you will achieve the maximum score you deserve.


The multiple-choice section is designed to test your recall of fundamental chemical concepts and the use of these concepts to solve basic chemistry problems. The questions cover the entire AP course syllabus and are designed with various levels of difficulty. Each question has four choices, only one of which is the most appropriate answer. Provide a response for each and every question because there is no penalty for wrong answers. Not selecting a response to every question is simply wasting a 25% chance of increasing your score.


The free-response section is very often the most challenging part of the AP Chemistry exam. It requires a very good knowledge of the theories, principles, concepts, and facts of chemistry. The same things that will earn a good score on the multiple-choice section will also help in the free-response section. In addition, this section demands well-considered, logical, concise, and readable presentations.


The first three questions are long, constructed-response questions that can include mathematical solutions to problems of approximately 4 to 8 parts. Briefly explain your approach to the problem in words. When doing the math, use good algebraic methods. You will make fewer mistakes if you do not skip steps. Use complete equations with equal signs, and explain any nonstandard symbols. Assess the result to indicate if it is reasonable or not.


The last four questions are short, constructed-response questions. They often involve interpretation of a theory or application of a process such as constructing Lewis structures and determining molecular geometry, polarity, and intermolecular forces. Answers should be well planned, concise, and technically correct. Technical errors detract from the presentation; if you are not sure, leave it out. You should include appropriate examples with sketches, structures, or graphs to be used to support statements of fact.




Strategies for Multiple-Choice Questions




Should You Guess?


DEFINITELY YES. There is no penalty for wrong multiple-choice answers. Therefore, a random guess when you are running out of time beats nothing at all: your odds of getting a correct answer are 1 out of 4.




Tip


Always take a guess if you don’t know the answer.





Of course, if you have time, it is best to read the question and answer it to the best of your ability. In chemistry there are many subtle clues that allow you to judge your selected answers. Below are some hints to help you read between the lines of a question and to do a quick evaluation of your answer.







Distracters


In the design of multiple-choice questions, the writer constructs the responses so that one choice is correct and the others are “distracters.” A distracter is a response that looks good at first glance but has a serious flaw that makes it incorrect. The better the design of the test, the more distracters will be found in each question.


One popular method for constructing distracters is to use subtle changes in the wording to make a response incorrect. For example:






	1.All chemicals become more soluble as the temperature increases.



	2.Most chemicals become more soluble as the temperature increases.









or






	1.The reaction is exothermic.



	2.The reaction is endothermic.









Careful reading of questions and understanding of terminology are very important. The distinctions between “most” and “all” in the first set above and between “exothermic” and “endothermic” in the second are obviously significant. To ensure selecting the best answer to a nonnumerical problem, be sure to read each response before selecting one. Often a good-sounding, but incorrect, response is listed before the correct one. Another approach is to read the responses in reverse order. Pay special attention to responses that are exactly the opposite of each other as in the “exothermic”/“endothermic” example above. One response must necessarily be wrong and may also provide a clue as to whether or not both are incorrect. Also pay special attention to responses that differ by only one word, as in the first set above. Once again, they may provide a clue as to the correct way to think about the problem.


For numerical problems, some distracters provide answers in which the data are simply used in the wrong manner. For instance, for the question “What is the value of 5 divided by 2?” the answer choices may be as follows:






	(A)[image: 2.50 space left parenthesis 5 over 2 right parenthesis]



	(B)[image: 0.40 space left parenthesis 2 over 5 right parenthesis]



	(C)3.00(5.00 − 2.00)



	(D)7.00(5.00 + 2.00)









The parentheses show the calculation method used to obtain the answers. The question hinges on understanding the term divided by, and keeping in mind that 2, not 5, is the divisor, before the proper calculation can be made to obtain answer (A). You must understand the proper method for using the data.







Reasonableness


There are, however, some common methods for increasing the probability of choosing the correct answer to a numerical chemistry problem. It is important to remember the principle of reasonableness. This means that answers must reflect obedience to fundamental principles, such as the conservation of matter or energy. Your personal experiences in everyday life also may provide clues as to the reasonableness of answers.


For example, if 2 grams of one reactant are mixed with 5 grams of another, it is impossible to have any more than 7 grams of product even under the best conditions (law of conservation of matter). Therefore, any response that is greater than 7 grams may be eliminated very quickly. As another example, if a hot solution is added to a cold one, the final temperature must be somewhere between the low of the cold solution and the high of the hot solution. Any other responses may be eliminated as incorrect without any calculations at all.


Pointers about the reasonableness of answers will be given throughout this book. Remember to always ask yourself if your answer makes sense.







Estimating Answers


The exam places minimal focus on the use of calculators. Instead concepts are tested, and most mathematical problems are used to reinforce concepts. In effect, mathematical questions test your ability to set up problems rather than any ability to solve problems or do mathematical operations. It is worthwhile to estimate rather than calculate answers. This is a good habit to develop because your estimated result should agree with the number on your calculator screen. Below are the basic principles of estimation. Many of the solutions to problems at the end of the chapters and for the sample tests indicate methods for estimating answers and also show detailed calculations.




Tip


Estimating answers to mathematical problems is an important skill.





The first principle of estimation is that all problems must still be set up in a rigorous and logical manner. This has not changed from the times when calculators were not allowed. This is an excellent habit to cultivate. The second principle of all estimation is to round numbers to one, or at most two, digits. The third principle is to round in a manner that makes cancellation simple and to take every opportunity to cancel. The fourth principle is to add and subtract in groups. A few examples of these principles follow. Although the following are broken into steps, there are no rigorous steps to memorize.




Example 1


Solve for X.


[image: Multiline equation: Line 1: x equals 25.34 multiplied by 1.890 multiplied by 0.00318 multiplied by 4.1689 multiplied by 9.823 space step 1: round to one or two digits; Line 2: equals 25 multiplied by 2 multiplied by 0.003 multiplied by 4 multiplied by 10 space step 2: note that 4 multiplied by 2 multiplied by 25 equals 200; Line 3: equals 200 multiplied by 0.003 multiplied by 10 space step 3: simplify the decimal; Line 4: 0.6 multiplied by 10 equals 200 space step 4: finish up.]





Notice (step 1) that you should try to round up as much as you round down. Also notice (step 2) that you DO NOT have to multiply numbers in sequence. The actual calculator answer is 6.24. This is off by 0.24, but when estimating, that is perfectly all right. You now know that the correct answer cannot be 13,248 and that it cannot be 5.2 × 10−5.




Example 2


Calculate Y.


Here we demonstrate how to estimate the high and low limits of a calculation.


[image: Multiline equation: Line 1: Y equals 3.642 multiplied by 1.102 multiplied by 7.785 multiplied 178.2 multiplied by 51.65 multiplied by 0.00219 space step 1: round to simple numbers, except 3.6; Line 2: equals 3.6 multiplied by 1 multiplied by 8 multiplied 200 multiplied by 50 multiplied by 0.002 space step 2: note that 200 multiplied 50 equals 10 comma 000; Line 3: equals 10 comma 000 multiplied by 3.6 multiplied by 8 multiplied 0.002 space step 3: 10 comma 000 multiplied 0.002 equals 20; Line 4: equals 20 multiplied by 3.6 multiplied by 8 space step 4: 3.6 is between 3 and 4; Line 5: Y subscript 1 equals 20 multiplied by 4 multiplied by 8 multiplied equals 640 left parenthesis maximum right parenthesis space do two calculations; Line 6: Y subscript 2 equals 20 multiplied by 3 multiplied by 8 multiplied equals 480 left parenthesis minimum right parenthesis space.]





The calculator answer is 630 or 6.30 × 102.


In this problem we chose one number that could be rounded either up or down and then rounded it up to find a maximum and down to find a minimum. This is a useful technique to set limits on your answers.




Example 3


Calculate Z.


[image: Multiline equation: Line 1: Z equals 21.47 multiplied by fraction 0.000341 over 0.06625 end fraction multiplied by fraction 294.3 over 771.9 end fraction space step 1: round numbers, paying attention to cancelling opportunities; Line 2: equals 20 multiplied by fraction 0.0003 over 0.06 end fraction multiplied by fraction 300 over 400 end fraction space step 2: cancel 2 of 20 with 8 of 800 to get; Line 3: equals 10 multiplied by fraction 0.0003 over 0.06 end fraction multiplied by fraction 300 over 400 end fraction space step 3: cancel zeros in 300 and 400; Line 4: equals 10 multiplied by fraction 0.0003 over 0.06 end fraction multiplied by fraction 3 over 4 end fraction space step 4: divide center terms by 3 to obtain the following; Line 5: equals 10 multiplied by fraction 0.0001 over 0.02 end fraction multiplied by fraction 3 over 4 end fraction space step 5: multiply out the numerator and denominator; Line 6: equals fraction 0.003 over 0.08 end fraction step 6: multiply the numerator and denominator by 1000 each; Line 7: fraction 3 over 80 end fraction step 7: estimate the answer as about 4 parts in 100 comma or 0.04. ]





The calculated answer is 0.0421. Once again the estimate is in the ballpark. It is important to notice how advantage was taken of simple math operations in canceling. Good canceling saves a lot of work and reduces errors. Finally, each separate step was written out above. In real examples, these steps are done on a single equation without rewriting it.




Example 4


Calculate A.


[image: Multiline equation: Line 1: A equals fraction 2.847 multiplied by 10 superscript minus 3 over 9.113 multiplied by 10 superscript 6 end fraction multiplied by fraction 6.321 multiplied by 10 superscript minus 8 over 14.34 multiplied by 10 superscript minus 23 end fraction space step 1: regroup all exponential terms together and all numbers together as shown; Line 2: A equals fraction 2.847 multiplied by 6.321 over 14.34 multiplied by 9.113 end fraction multiplied by fraction 10 superscript minus 3 multiplied by 10 superscript minus 8 over 10 superscript 6 multiplied by 10 superscript minus 23 end fraction space step 2: evaluate exponents; Line 3: A equals fraction 2.847 multiplied by 6.321 over 14.34 multiplied by 9.113 end fraction multiplied by fraction 10 superscript 6 space step 3: evaluate numbers semi colon simplify first; Line 4: A equals fraction 3 multiplied by 6 over 14 multiplied by 9 end fraction multiplied by fraction 10 superscript 6 space step 4: divide numerator and denominator 3; Line 5: A equals fraction 1 multiplied by 6 over 14 multiplied by 3 end fraction multiplied by fraction 10 superscript 6 space step 4: divide numerator and denominator 3 again; Line 6: A equals fraction 1 multiplied by 2 over 14 multiplied by 1 end fraction multiplied by fraction 10 superscript 6 space step 4: divide numerator and denominator 2; Line 7: A equals fraction 1 multiplied by 1 over 7 multiplied by 1 end fraction multiplied by fraction 10 superscript 6 equals 1 multiplied by 1 over 7 multiplied by 1 end fraction multiplied by fraction 10 superscript 6 equals 1.4 multiplied by 10 superscript 5 space step 7: divide 1 by 7 for final answer. ]





The calculated answer is 0.1377 × 106 or 1.377 × 105.




Example 5


Calculate B.


B = 20.5 + 2.346 + 102.33 + 33.62 + 5.009


Round off to one significant figure and add:


B = 20 + 2 + 100 + 30 + 5


= 157





The calculated answer is 163.8.




Example 6


Estimate pH from [H+], where pH is defined as −log [H+]. What is the approximate pH of a solution where [H+] = 4.1 × 10−5 M?


In almost all cases the hydrogen ion concentration is expressed exponentially, for example, 4.1 × 10−5 M. It turns out that the pH for a 4.1 × 10−5 M solution is 4.39. This is between pH 4 and 5. In fact, any hydrogen ion concentration with an exponent of 10−5 has a pH between 4 and 5. Extending this, we can estimate the pH to within one unit by simply looking at the power of 10 for the hydrogen ion concentration. The pH is ALWAYS a maximum of the positive value of the exponent and a minimum of one pH unit less than that. If [H+] = 3.8 × 10−6, we can quickly say that the pH is between 5 and 6. If [H+] = 3.8 × 10−11, the pH is between 10 and 11.


We can use exactly the same principle if [OH−] is given and you want to know the pOH. For example, if [OH−] = 1.3 × 10−2, the pOH will be between 1 and 2. If [OH−] = 3.3 × 10−6, the pOH will be between 5 and 6.


In both cases the exponent tells us the maximum value for the pH or pOH. One less than this maximum is the minimum value that the pH or pOH can be.







Example 7


Estimate [H+] from pH. What is the [H+] of a solution where the pH = 4.7?


If you are given a pH of 4.7, the corresponding [H+] will be 10−4.7. The decimal exponent is unusual but does not violate any rules of mathematics. At times it is convenient to work with decimal exponents.


In cases where the decimal exponent is inconvenient, use a high value and a low value to establish a range. For example, the [H+] of 10−4.7 can also be a high of 10−4 to a low of 10−5.







Example 8


Determine additional logarithmic measurements. Estimate the pOH of a 3.3 × 10−6 M solution of OH−.


If you want more precision in logarithms, it is necessary only to remember that log 2 = 0.3 and log 3 = 0.5.


For example, if the [OH−] = 3.3 × 10−6, we can estimate the pOH as −log (3.3 × 10−6), which is −log 3.3 and −log (10−6). The former is approximately −0.5, and the latter is +6. The two add up to approximately 5.5 for the pOH.













Strategies for the Free-Response Section




Numerical Calculations


Any scientific calculator, including a graphing calculator, can be used for Section II of the exam. Be certain that the batteries are fresh and that you are familiar with the operation of your calculator. Write appropriate chemical reactions. Always write the fundamental equations or laws that the question requires. Identify variables. Use correct algebra in the solution and show as many algebraic steps as possible. Clearly state any assumptions you have used and verify that each assumption is valid before reporting the answer. Check also that you have used the correct number of significant figures in calculations.


For example, consider this problem: Calculate the pH of a 0.100 M solution of hydrofluoric acid, Ka = 6.9 × 10−4.


To logically solve the problem you need a chemical reaction, the equilibrium expression, a simplification, and a solution, as shown in the following steps.


Reaction: [image: H F rightwards harpoon over leftwards harpoon H superscript plus plus F superscript minus or H F plus H subscript 2 O rightwards harpoon over leftwards harpoon H subscript 3 O superscript plus plus F superscript minus]


Equilibrium expression used: [image: K equals fraction left square bracket H superscript plus left square bracket left square bracket F superscript minus left square bracket over left square bracket H F left square bracket end fraction or left square bracket H subscript 3 O superscript plus left square bracket left square bracket F superscript minus left square bracket over left square bracket H F left square bracket end fraction]


Simplified equation: [image: left square bracket H superscript plus left square bracket equals square root of K subscript a C subscript a end root], where Ca is the initial HF concentration and the assumption is that [image: left square bracket H superscript plus left square bracket much less-than C subscript a ]


Solution:


[image: Multiline equation: Line 1: Left square bracket H superscript plus left square bracket equals square root left parenthesis 6.9 multiplied by 10 superscript minus 4 right parenthesis left parenthesis 0.100 right parenthesis end square root; Line 2: square root left parenthesis 6.9 multiplied by 10 superscript minus 5 end square toot; Line 3: 8.3 multiplied by 10 superscript minus 3 left parenthesis this agrees with the assumption dot right parenthesis; Line 4: p H equals minus log left square bracket H superscript plus left square bracket; Line 5: equals minus log left parenthesis 8.3 multiplied by 10 superscript minus 3 right parenthesis; Line 6: equals 2.08]







Partial Credit


Partial credit is not given on the exam. All work must be shown in order to receive credit for the question. In questions with multiple parts, the student will be given credit for later sections of the question if the calculation in the first part is incorrect but used correctly in subsequent steps. If you have not set up your calculations clearly, you will not be given any credit for the problem.







Explain and Justify


You will probably not encounter a true essay question. Instead, you will most likely be asked to explain or justify your answer. Be sure to answer the question asked. The graders do not want you to rehash your problem-solving methods. Instead, they are looking to see how you evaluate your answer. For instance, you may discuss why your answer seems reasonable. You can also refer to other information, such as comparing acid strengths or atomic radii, that shows you are thinking beyond the calculated answer. Justifying your answer is slightly different. Now you are using evidence to help support your answer and perhaps show that alternative answers are not as good. A classic example of this is the use of formal charges to defend your choice of structure in relation to other possibilities. Even if you are not asked to explain or justify your answer, get into the habit of asking yourself to answer those questions with each practice problem you work.













Final Preparations for the Exam


Just as an athlete needs to prepare for the “big game,” the student must prepare physically, mentally, and emotionally for the “big test.” Here are some suggestions:






	1.Eat well to have enough energy for the exam. A good dinner the night before and a relaxed breakfast on the day of the exam provide the energy essential for peak performance.



	2.Get plenty of sleep. A full 8 hours of sleep is recommended for a rested body and a well-functioning mind. The night before the exam is no time to cram; in fact, such last-minute study may be detrimental.



	3.The night before the exam, assemble the things you will need: a scientific calculator with fresh batteries, a watch, and the device you will be taking the exam on, fully charged. You should also plan what you will wear to the test. Comfortable, loose-fitting clothes, including items such as sweaters that can be layered or removed to suit the room temperature, are best.



	4.Be sure your transportation to the test center is reliable. Set your alarm so that you can leave early. Allow time to deal with the unexpected.



	5.Minimize distractions and worries. Leave all valuables at home so that you do not worry about them during the test. Put all unrelated matters firmly out of your mind.



	6.Be confident of your ability. A positive attitude is very important in successful test taking.



	7.Relax. This one test will not make or break your career. Enjoy the exam and show the world how well you can do.














The College Board


The direct URL for the AP Chemistry Web pages is https://apstudent.collegeboard.org/apcourse/apchemistry. Please check this website for late-breaking news and exam changes that may affect you. In addition, this site has important information about AP exam registration, sites, test dates and times, score reporting, fees, and how to download the Bluebook app to practice and take the exam on.


It is very important to check the schedules on this website and register on time so that you do not miss an exam or pay late-registration fees. In most instances, your AP teacher will guide you through this process.



















Short Diagnostic Tests













Short Diagnostic Test 1


See the directions box below for each Short Diagnostic Test.




DIRECTIONS: Answer the following multiple-choice questions. Do not guess because you are trying to find out what needs further study and making a correct guess will indicate you know a topic. You may use a calculator and the periodic table on page 464 but no other information. Limit your time to 60 minutes. If you do not finish in 60 minutes, note the number of questions answered and then continue until all the remaining questions are answered. Record your total time. Review how you answered the questions with the answer explanations at the end of each test. Also at the end of the test are tables to help diagnose your strengths and weaknesses. Review the topics that have the most errors and then continue to the next Short Diagnostic Test. For more of a challenge, do not use your calculator when answering these questions.







	1.What is the coefficient for H2O when the following reaction is correctly balanced?






__Al(OH)3 + __H2SO4 → __Al2(SO4)3 + __H2O




	(A)1



	(B)2



	(C)3



	(D)6



	
2.The molar heat of vaporization of water is +43.9 kJ. What is the entropy change for the vaporization of water?




	(A)2.78 J mol−1 K−1



	(B)4.184 J mol−1 K−1



	(C)8.49 J mol−1 K−1



	(D)118 J mol−1 K−1








	
3.Which of the following is a correct representation of the ground state valence p electrons in an atom of sulfur?




	(A)[image: Each answer choice is a set of up and down arrows.]



	(B)[image: Each answer choice is a set of up and down arrows.]



	(C)[image: Each answer choice is a set of up and down arrows.]



	(D)[image: Each answer choice is a set of up and down arrows.]








	
4.A liquid element that is a dark-colored, nonconducting substance at room temperature is




	(A)mercury



	(B)bromine



	(C)iodine



	(D)bismuth








	
5.A large positive value for the standard Gibbs free-energy change (∆G°) for a reaction means




	(A)the reaction is thermodynamically favored with virtual complete conversion of reactants to products



	(B)an extremely fast chemical reaction



	(C)a reaction with a very large increase in entropy



	(D)none of the above








	
6.A metal is reacted with HCl to produce hydrogen gas. If 0.0623 gram of metal produces 28.3 mL of hydrogen at STP, the mass of the metal that reacts with one mole of hydrochloric acid is




	(A)493 g



	(B)  98.6 g



	(C)  49.3 g



	(D)  24.7 g








	
7.An element in its ground state




	(A)has all of its electrons in the lowest possible energy levels



	(B)is an element as found in nature



	(C)is an element that is unreactive and found free in nature



	(D)has all of its electrons paired








	
8.Which following pairs of substances can be used to make a buffer solution?




	(A)NaCl and HCl



	(B)HC2H3O2 and KC2H3O2



	(C)NaBr and KBr



	(D)HIO3 and KClO3








	
9.Which of the following indicates that a reaction is thermodynamically favored?




	(A)At equilibrium there are more products than reactants.



	(B)The value of ∆G° is greater than zero.



	(C)The value of ∆S° is greater than zero.



	(D)The value of Keq is less than one.








	
10.Which of the following is expected to have two or more resonance structures?




	(A)CCl2F2



	(B)SO3



	(C)PF5



	(D)H2O








	
11.Which of the following is a radioactive element?




	(A)Na



	(B)Cr



	(C)Am



	(D)Al








	
12.The units for the rate of a chemical reaction are




	(A)L2 mol−2 s−1



	(B)mol L−1 s−1



	(C)L mol−1 s−1



	(D)It depends on the particular reaction.








	
13.Which of the following is not a good measure of relative intermolecular attractive forces?




	(A)Heat of fusion



	(B)Boiling point



	(C)Vapor pressure



	(D)Heat of vaporization








	
14.Which of the following is expected to be the least soluble in water?




	(A)NaBr



	(B)NiSO3



	(C)CrCl3



	(D)Mn(NO3)2








	
15.The net ionic equation expected when solutions of NH4Br and AgNO3 are mixed together is




	(A)Ag+(aq) + Br−(aq) → AgBr(s)



	(B)[image: N H subscript 4 superscript plus left parenthesis a q right parenthesis plus A g superscript plus left parenthesis a q right parenthesis rightwards arrow A g left parenthesis N H subscript 4 right parenthesis subscript 2 superscript 3 plus left parenthesis a q right parenthesis]



	(C)[image: B r superscript minus left parenthesis a q right parenthesis plus N O subscript 3 superscript minus left parenthesis a q right parenthesis rightwards arrow N O subscript 3 B r left parenthesis a q right parenthesis]



	(D)[image: N H subscript 4 B r left parenthesis a q right parenthesis plus N O subscript 3 superscript minus left parenthesis a q right parenthesis rightwards arrow N H subscript 4 N O subscript 3 left parenthesis a q right parenthesis plus B r superscript minus left parenthesis a q right parenthesis]








	
16.Less than 1/1000 of the mass of any atom is contributed by




	(A)the electrons



	(B)the electrons and neutrons



	(C)the electrons and protons



	(D)the protons and neutrons








	
17.Which of the following contains the largest number of moles of the indicated metal?




	(A)1.0 g of aluminum



	(B)1.0 g of sodium



	(C)1.0 g of lithium



	(D)1.0 g of silver








	
18.Which of the following diagrams represents a potential energy diagram of an endothermic reaction?




	(A)[image: FOUR GRAPHS AS ANSWER QUESTION 39 -CHOICES A-D SHOWING CONCENTRATION, VOLUME, PH, AND TIME.]



	(B)[image: FOUR GRAPHS AS ANSWER QUESTION 39 -CHOICES A-D SHOWING CONCENTRATION, VOLUME, PH, AND TIME.]



	(C)[image: FOUR GRAPHS AS ANSWER QUESTION 39 -CHOICES A-D SHOWING CONCENTRATION, VOLUME, PH, AND TIME.]



	(D)[image: FOUR GRAPHS AS ANSWER QUESTION 39 -CHOICES A-D SHOWING CONCENTRATION, VOLUME, PH, AND TIME.]








	
19.The molecule with a tetrahedral shape is




	(A)PCl4F



	(B)BF3



	(C)CO2



	(D)CBr4








	
20.According to the kinetic molecular theory of gases,




	(A)the average kinetic energy of a gas particle is directly related to the Kelvin temperature



	(B)ideal gas particles do not attract or repel each other



	(C)the atoms or molecules of an ideal gas have no volume



	(D)(A), (B), and (C) are part of the theory








	
21.Of the following, the most important experimental information used to deduce the structure of the atom was




	(A)the density of each element



	(B)the specific heat capacity



	(C)the emission spectrum of the elements, particularly hydrogen



	(D)the X rays emitted from each element








	
22.The units for R, the ideal gas law equation constant, may be




	(A)L atm mol−1 K−1



	(B)J mol−1 K−1



	(C)L torr mol−1 K−1



	(D)(A), (B), and (C)








	
23.Which of the following is considered an acid anhydride?




	(A)HCl



	(B)H2SO3



	(C)SO2



	(D)Al(NO3)3








	
24.The standard state for redox reactions includes




	(A)the temperature is 25 °C



	(B)concentrations of soluble species are 1 molar



	(C)partial pressures of gases are 1 atmosphere



	(D)all of the above are true








	25.What is the theoretical yield of ethyl ethanoate when 100 grams of ethanoic acid is reacted with 100 grams of ethyl alcohol?






CH3COOH + CH3CH2OH → CH3COOCH2CH3 + H2O




	(A)  45 g



	(B)147 g



	(C)191 g



	(D)337 g



	
26.Iron(III) hydroxide has Ksp = 1.6 × 10−39. What is the molar solubility of this compound?




	(A)1.6 × 10−18 M



	(B)2.0 × 10−10 M



	(C)7.4 × 10−14 mol/L



	(D)9.4 × 10−6 mol/L








	
27.When [image: C r subscript 2 O subscript 7 superscript 2 minus ] (dichromate ion) is reacted, one of its most common products is Cr3+. What is the oxidation state (oxidation number) of chromium in the dichromate ion? Does reduction or oxidation occur when dichromate ions react to form Cr3+?




	(A)+3, reduction



	(B)+12, reduction



	(C)+6, reduction



	(D)+6, oxidation








	28.Given the electronegativities below, which of the following covalent single bonds is the most polar?














	Element:


	H


	C


	N


	O







	Electronegativity


	2.1


	2.5


	3.0


	3.5
















	(A)C−H



	(B)O−H



	(C)N−H



	(D)O−C



	29.When the following reactants are mixed, what is the correct name and chemical formula for the precipitate that forms?






CuCl2(aq) + Na2CO3(aq) →




	(A)Copper(I) carbonate, Cu2CO3



	(B)Copper(II) carbonate, Cu2CO3



	(C)Copper(I) carbonate, CuCO3



	(D)Copper(II) carbonate, CuCO3



	
30.Which of the following molecules is expected to have the highest normal boiling point?




	(A)CH3CH2CH2CH3



	(B)CH3CH2CH2CH2OH



	(C)CH3CH2CH2CH2Cl



	(D)CH3CH2CH2CH2Br








	
31.Which is correct about the calcium atom?




	(A)It contains 20 protons and neutrons.



	(B)It contains 20 protons and 20 electrons.



	(C)It contains 20 protons, neutrons, and electrons.



	(D)All atoms of calcium have a mass of 40.078 u.








	32.What is the theoretical yield of iron when 2.00 grams of carbon is reacted with 26.0 grams of Fe2O3?






2Fe2O3 + 3C → 4Fe + 3CO2




	(A)  5.8 g



	(B)12.4 g



	(C)30.6 g



	(D)74.6 g



	
33.Why do vinegar (a dilute solution of ethanoic acid in water) and vegetable oil (long-chain organic acids esterified with glycerol) not mix to form solutions?




	(A)The attractive forces in vinegar are much stronger than those in vegetable oil, so the liquids always separate into two phases.



	(B)Organic compounds rarely dissolve in water.



	(C)Attractive forces in vinegar are mainly hydrogen bonding, while those in vegetable oil are due to instantaneous dipoles.



	(D)The unfavorably large endothermic process of “separating” the molecules in the two solutes compared with the energy released when the solutes interact makes a solution thermodynamically unfavored.








	
34.Which of the following reactions is associated with the normal definition of Kb?




	(A)[image: Z n left parenthesis H subscript 2 O right parenthesis subscript 6 blank superscript 2 plus left parenthesis a q right parenthesis rightwards harpoon over leftwards harpoon left square bracket Z n left parenthesis H subscript 2 O right parenthesis subscript 5 O H left square bracket superscript plus left parenthesis a q right parenthesis plus H superscript plus left parenthesis a q right parenthesis]



	(B)[image: C N superscript minus left parenthesis a q right parenthesis plus H superscript plus left parenthesis a q right parenthesis rightwards harpoon over leftwards harpoon H C N left parenthesis a q right parenthesis]



	(C)[image: F superscript minus left parenthesis a q right parenthesis plus H subscript 2 O left parenthesis l right parenthesis rightwards harpoon over leftwards harpoon HF left parenthesis a q right parenthesis plus O H superscript minus left parenthesis a q right parenthesis]



	(D)[image: C r superscript 3 plus left parenthesis a q right parenthesis plus 6 H subscript 2 O left parenthesis l right parenthesis rightwards harpoon over leftwards harpoon C r left parenthesis H subscript 2 O right parenthesis subscript 6 superscript 3 plus left parenthesis a q right parenthesis]








	
35.Which of the following salts is expected to produce an alkaline solution when one mole is dissolved in one liter of water?




	(A)NaClO4



	(B)CaCl2



	(C)NH4Br



	(D)Na2S








	
36.A 50.0 mL aliquot of a solution containing Al(OH)3 is titrated with 0.0500 molar H2SO4. The end point is reached when 35.0 mL of the sulfuric acid has been added. What is the molarity of the aluminum hydroxide solution?




	(A)[image: fraction left parenthesis 0.0500 right parenthesis left parenthesis 35.0 right parenthesis left parenthesis 2 right parenthesis over left parenthesis 50.0 right parenthesis left parenthesis 3 right parenthesis end fraction]



	(B)[image: fraction left parenthesis 0.0500 right parenthesis left parenthesis 35.0 right parenthesis left parenthesis 3 right parenthesis over left parenthesis 50.0 right parenthesis left parenthesis 2 right parenthesis end fraction]



	(C)[image: fraction left parenthesis 0.0500 right parenthesis left parenthesis 50.0 right parenthesis left parenthesis 3 right parenthesis over left parenthesis 35.0 right parenthesis left parenthesis 2 right parenthesis end fraction]



	(D)[image: fraction left parenthesis 50.0 right parenthesis left parenthesis 3 right parenthesis over left parenthesis 0.0500 right parenthesis left parenthesis 35.0 right parenthesis left parenthesis 2 right parenthesis end fraction]








	
37.When collecting a gas over water, it is important to




	(A)set the temperature at 0 °C



	(B)be sure the gas does not burn



	(C)wait until the barometer reads 760



	(D)correct for the vapor pressure of water








	
38.How much heat, q, is needed to raise the temperature of 35.5 g of olive oil from 25.0 °C to 75.0 °C? The specific heat of olive oil is 2.0 J/g °C.




	(A)5.33 kJ



	(B)3.55 kJ



	(C)0.888 kJ



	(D)0.282 kJ








	
39.Sulfur dioxide reacts with oxygen to form sulfur trioxide in the presence of a catalyst. The equilibrium constant, Kp, at a certain temperature is 3.0 × 1022. A 2.0-liter flask has enough SO3 added to it to produce a pressure of 0.789 atm. After the reaction comes to equilibrium, the expected partial pressure of O2 will be




	(A)2.88 × 10−6 torr



	(B)3 × 10−18 mm Hg



	(C)1100 mm Hg



	(D)1.32 × 10−5 torr








	
40.The melting point of straight-chain hydrocarbons increases as the number of carbon atoms increas. The reason for this is the




	(A)increasing mass of the compounds



	(B)increasing polarity of the compounds



	(C)increasing number of induced dipoles per molecule



	(D)increased probability of hydrogen bonds








	
41.What is the empirical formula of a compound that is 51.9% carbon, 4.86% hydrogen, and 43.2% bromine?




	(A)C7H5Br



	(B)C6H4Br3



	(C)C8H9Br



	(D)C12H22Br








	
42.Which of the following molecules cannot hydrogen bond with molecules identical to itself but can hydrogen bond with one of the molecules above or below it in the following responses?




	(A)CH3CH2OH



	(B)CH3CH2COOH



	(C)CH3CH2CHO



	(D)C6H5CHO








	
43.The standard galvanic cell voltage, E°cell




	(A)is equal to E°reduction – E°oxidation



	(B)can be used to calculate Keq (if T is known)



	(C)can be used to calculate ∆G°



	(D)all of the above








	
44.When will Kp and Kc have the same numerical value?




	(A)At absolute zero for all reactions



	(B)When the concentrations are at standard state



	(C)When the concentrations are all 1.00 molar



	(D)When the reaction exhibits no change in pressure at constant volume








	
45.The rate of a chemical reaction is determined by




	(A)the equilibrium constant



	(B)the rate-determining or slow step of the mechanism



	(C)the reaction vessel pressure



	(D)the intermediates formed in the first step














Evaluating Your Results



Score your test using the answer key. Then complete the following tables. The first table is designed to find your general strengths and weaknesses based on four broad categories. The second table is a more specific diagnostic chart that will suggest which particular chapters you should concentrate your studies on. In combination, these two tables will help you focus your efforts on the material that needs the most study.


Question Categories




















	Question Type


	Questions


	Number Wrong











	Basic Facts


	1, 4, 11, 12, 16, 21, 23, 24, 28, 29, 31, 36


	 







	Basic Concepts


	3, 5, 7, 8, 9, 13, 18, 19, 20, 22, 30, 31, 35, 40, 42, 44, 45


	 







	Calculations


	2, 6, 17, 25, 26, 32, 33, 38, 39, 41


	 







	Mixed Concepts


	10, 12, 14, 15, 19, 20, 27, 30, 34, 35, 37, 43


	 













Breakdown by Topics




















	Chapter


	Questions


	Number Wrong











	1.Structure of the Atom


	3, 21, 31


	 







	2.Periodic Table


	4, 7, 11


	 







	3.Ionic Compounds and Reactions


	14, 29


	 







	4.Covalent Compounds


	10, 15, 19, 28


	 







	5.Stoichiometry


	1, 17, 25, 32, 41


	 







	6.Gases


	6, 20, 37


	 







	7.Liquids and Solids


	13, 22, 30, 40


	 







	8.Solutions


	33, 36, 42


	 







	9.Equilibrium


	26, 38, 44


	 







	10.Kinetics


	12, 18, 45


	 







	11.Thermodynamics


	2, 5, 9, 38


	 







	12.Redox and Electrochemistry


	24, 27, 43


	 







	13.Acids and Bases


	8, 23, 34, 35


	 



















Answer Explanations





	1.(D)When balancing a chemical reaction, the total number of each atom must be the same on both sides. The overall balanced equation is






2Al(OH)3 + 3H2SO4 → Al2(SO4)3 + 6H2O




	2.(D)The transformation of water from H2O(l) ⇌ H2O(g) at 100 °C has ∆G° = 0. Therefore ∆H° = T ∆S°. Because we know the heat of vaporization and the boiling point of water, 100 °C (373 K), the entropy change can be calculated as






[image: Multiline equation: Capital delta s superscript ring operator equals left parenthesis 43 comma 900 J mol superscript minus 1 right parenthesis over 373 K; Line 2; 118 J mol superscript minus 1 K minus 1.]




	3.(A)Hund’s rule requires that each orbital in a particular sublevel must be filled with one electron before a second electron may be added to an orbital. When the electrons become paired, they must be of opposite spins. This is usually symbolized by one up and one down arrow.



	4.(B)There are only two elements that are liquids at room temperature. They are bromine and mercury. Mercury is a silver-colored metal, and bromine is a brown nonmetal liquid. Nonmetals do not conduct electricity.



	5.(D)None of the three other answers fits. The positive free energy indicates a nonspontaneous system with more reactants than products. The large exothermic heat of reaction and the large increase in entropy are very unlikely with a large positive free energy.



	6.(D)We set up the problem with the desired ratio to the left of the equal sign. To the right of the equal sign replace the given mass of metal in the numerator and the volume of H2 in mL in the denominator. Since we already know the value of the final numerator, we just need to convert the denominator into moles of HCl.






[image: Multiline equation: Line 1; fraction gram of metal over moles of H C I fraction end equals fraction 0.0623 g metal over 28.3 m L H subscript 2 left square bracket fraction 22 comma 400 m L H subscript 2 over 1 mol H subscript 2 end fraction left square bracket left square bracket 1 mol H subscript 2 over 2 mol H C I end fraction left square bracket; Line 2: equals 24.7 g metal over mol H C I.]




	Notice that we used the molar volume of an ideal gas at STP to convert the H2 from mL to moles. Then we used the mole ratio that relates H2 and HCl for the second conversion factor.



	7.(A)The definition of the ground state is the lowest total energy. To have the lowest total energy an atom must have its electrons in their lowest possible energy levels.



	8.(B)Buffers are prepared from a weak acid and its conjugate base or from a weak base and its conjugate acid. (A) NaCl and HCl: this pair has HCl, which is a strong acid. (B) HC2H3O2 and KC2H3O2: this pair has a weak acid and its conjugate base (the C2H3O2− ion). (C) NaBr and KBr: this pair has no weak acid or base. (D) HIO3 and KClO3: this pair does not have a conjugate acid–base pair.



	9.(A)The responses for (B) and (D) indicate processes that are thermodynamically unfavorable. The response in (C) may indicate a favorable process, but it is not the only thing needed for a thermodynamically favored reaction. Only response (A) is universally true for a favorable reaction.



	10.(B)The SO3 molecule has three resonance structures. Each has one oxygen drawn with a double bond to the sulfur and the other two oxygens drawn with a single bond to the sulfur. The remaining compounds have only one possible Lewis structure.



	11.(C)We expect elements with atomic numbers greater than 83 to be radioactive. Americium is the only one given that fulfills that criterion.



	12.(B)All reaction rates have the same units of moles per liter per second (mol L−1 s−1). This may refer to the rate of appearance of a product as the reaction progresses or the disappearance of a reactant.



	13.(A)The heat of fusion is the energy needed to disrupt the crystal lattice but not completely separate the molecules. The remaining attractive forces may be significant. (B), (C), and (D) all involve vaporizing the liquid and indicate the total attractive force.



	14.(B)The solubility rules specify that sulfites are one group of compounds that are generally insoluble, especially if the metal ion is a transition metal.



	15.(A)Silver bromide is insoluble, whereas all other substances in the reaction are soluble. The ammonium ions and nitrate ions are spectator ions that cancel. Silver ions will form a complex with ammonia, NH3, not with ammonium ions, [image: N H subscript 4 superscript plus ].



	16.(A)The electron weighs 1/1833 of the mass of a proton and so contributes even less than 1/1000 of the mass of an atom.



	17.(C)To determine the number of moles in 1.0 g of any substance, you must divide the mass of that substance by its atomic or molar mass. All of the choices given are 1.0 g for each metal. To determine the number of moles of each, take the inverse of each atomic mass. The one with the lowest atomic mass contains the most moles.



	18.(A)This potential energy diagram shows an increase in potential energy from the reactants side to the products side. When the potential energy of the chemicals increases, energy is absorbed from the surroundings and the reaction is endothermic.



	19.(D)(A) is trigonal bipyramidal; (B) is trigonal planar; (C) is linear.



	20.(D)All three statements are considered to be parts of the kinetic molecular theory of gases as stated by Clausius in 1857.



	21.(C)The Bohr theory that preceded the quantum model of the atom relied on the atomic spectrum of hydrogen for important clues.



	22.(D)All of the first three are units for R.



	23.(C)An acid anhydride is an oxide of a nonmetal that dissolves in water to form an oxoacid. Sulfur dioxide dissolves in water to produce an acidic solution.



	24.(D)All four of the statements define one aspect of standard state as applied to the study of redox reactions.



	25.(B)We calculate the grams of ethanoic acid needed to react with the given amount of ethyl alcohol. Two important conversion factors are






[image: Multiline equation: Line 1: 1 mol C H subscript 3 C O O H equals 60 g C H subscript 3 C O O H; Line 2: and; Line 3: 1 mol C H subscript 3 C H subscript 2 O H equals 44 g C H subscript 3 C H subscript 2 O H]




	Setup: ? g CH3COOH = 100 g CH3CH2OH



	Applying the above conversion factors we get






[image: Multiline equation: Line 1; ? g C H subscript 3 C O O H equals 100 g C H subscript 3 C H subscript 2 O H left square bracket fraction 1 mol C subscript 2 H subscript 5 O H over 44 g C subscript 2 H subscript 5 O H end fraction left square bracket left square bracket fraction 1 mol H C subscript 2 H subscript 5 O subscript 2 over 1 mol C subscript 2 H subscript 5 O H end fraction left square bracket left square bracket fraction 60 g H c subscript 2 H subscript 5 O subscript 2 over 1 mol H C subscript 2 H subscript 5 O subscript 2 end fraction left square bracket; Line 2: equals 136 g C H subscript 3 C O O H.]




	The problem only gave us 100 g CH3COOH. Therefore, CH3COOH is the limiting reactant. We now calculate the mass of ethyl ethanoate formed from the GIVEN mass of 100 g CH3COOH as follows.



	Set up the question.






? g CH3COOCH2CH3 = 100 g CH3COOH




	Apply conversion factors.






[image: Multiline equation: Line 1: ? g C H subscript 3 C O O C H subscript 2 C H subscript 3 equals 100 g C H subscript 3 C O O C H left square bracket fraction 1 mol H C subscript 2 H subscript 5 O subscript 2 over 60 g H C subscript 2 H subscript 5 O subscript 2 end fraction left square bracket left square bracket fraction 1 mol c subscript 4 H subscript 8 O subscript 2 over 1 mol H C subscript 2 H subscript 5 O subscript 2 end fraction left square bracket left square braction fraction 88 g C subscript 4 H subscript 8 O subscript 2 over 1 mol C subscript 4 H subscript 8 O subscript 2 end fraction left square bracket; Line 2: equals 147 g c subscript 4 H subscript 8 O subscript 2 left parenthesis or C H subscript 3 C O O C H subscript 2 C H subscript 3 right parenthesis.]




	NOTE: We get the same result if we convert each reactant to grams of ethyl ethanoate and then choose the smaller of the two results.



	26.(A)The dissolution reaction is Fe(OH)3(s) ⇆ Fe3+ + 3 OH−, and the Ksp equation is Ksp = [Fe3+][OH−]3.



	If s mol/L of Fe(OH)3 dissolves, the solution will contain s mol/L of Fe3+ and 3s mol/L of OH−.



	The Ksp equation is Ksp = [Fe3+][OH−]3 = (s)(3s)3 = 27s4.



	Calculating s = 8.8 × 10−11 M Fe3+ and 3s as 2.64 × 10−10 M OH− we see there is a problem. Since pure water has an OH− concentration of 1.0 × 10−7 M or about one thousand times larger than 2.64 × 10−10 the contribution of OH− from water cannot be ignored. So, this is really a commonion calculation with [OH−] = 1.0 × 10−7 M. The equation to use is






Ksp = [Fe3+][OH−]3 = (s)(3s + 1.0 × 10−7)3




	Since [image: 3 s much less-than 1.0 multiplied by 10 superscript minus 7 ] the simplified equation becomes






[image: Multiline equation: Line 1: equals 1.6 multiplied by 10 superscript minus 39 equals left parenthesis s right parenthesis left parenthesis 1.0 multiplied by 10 superscript minus 7 right parenthesis superscript 3 equals left parenthesis s right parenthesis left parenthesis 1.0 multiplied by 10 superscript minus 21 right parenthesis; Line 2: s equals 1.6 multiplied by 10 superscript minus 39 over 1.0 multiplied by 10 superscript minus 21 equals 1.6 multiplied by 10 superscript minus 18 M.]




	27.(C)The dichromate ion is [image: C r subscript 2 O subscript 7 superscript 2 minus ]. When we calculate the oxidation number for each chromium in the dichromate ion, we get +6. Because the Cr3+ is only +3, there is a decrease in oxidation number, and the process is called a reduction.



	28.(B)The most polar bond is the one that has the greatest difference in electronegativities. Therefore, the O—H bond is the most polar because it has an electronegativity difference of 1.4.



	29.(D)The reactants are copper(II) chloride and sodium carbonate. When they are mixed, copper(II) carbonate, CuCO3, is the precipitate that forms.



	30.(B)Butan-1-ol (1-butanol), CH3CH2CH2CH2OH, can hydrogen bond, whereas the other compounds cannot. London forces (instantaneous dipoles) are also present, but each compound is roughly the same length, and these forces will be similar for all four molecules.



	31.(B)All calcium atoms contain 20 protons and 20 electrons. Depending on the isotope, a calcium atom may or may not have 20 neutrons. Finally, the mass in the periodic table is a weighted average of isotopes and is NOT the mass of any calcium atom.



	32.(B)We are asked for the theoretical yield of iron. Usually, the theoretical yield is expressed in units of grams of product, as all the responses imply. This is a limiting-reactant problem because the mass of both reactants is given. We will solve it by calculating the mass of iron that can be made from 2.00 g C assuming that Fe2O3 is the excess reactant. Then we will calculate the mass of iron that we can prepare from 26.0 g Fe2O3 assuming that carbon is the excess reactant. We set up the two equations as






[image: Multiline equation: Line 1: ? G F e equals 2.00 g C left square bracket fraction 1 mol C over 12 g C end fraction left square bracket left bracket fraction 4 mol F e over 3 mol C end fraction left square bracket left bracket 55.84 g F e over 1 mol F e end fraction left square bracket; Line 2: equals 12.4 g F e; Line 3: ? g F e equals 26.0 g F e subscript 2 O subscript 3 left square bracket 1 mol F e subscript 2 O subscript 3 over 159.7 G F e subscript 2 O subscript 3 end fraction left square bracket; Line 4: left square bracket fraction 55.84 g F e over 1 mol F e end fraction left square bracket equals 18.2 g f e.]




	Carbon produces the smaller amount of iron. Therefore, carbon is the limiting reactant, and 12.4 g of iron is the theoretical yield.



	33.(D)Energy is always the key to chemical processes. In this case, we can use our knowledge of attractive forces to see that a solution is thermodynamically unfavored.



	34.(C)The dissociation constant, Kb, is expressed as






[image: K subscript b equals fraction left square bracket conjugate acid left square bracket left square bracket O H superscript minus left square bracket over left square bracket weak base left square bracket end fraction]




	The only equation that fits that definition is the hydrolysis of F−.



	35.(D)Salts made from a weak acid and a strong base will produce an anion that will hydrolyze water to form an alkaline solution. The only salt produced from a weak acid is Na2S, and the sulfide ion hydrolyzes water according to the reaction






S2− + H2O → HS− + OH−




	36.(A)We need to write and balance the equation first:






2Al(OH)3 + 3H2SO4 → Al2(SO4)3 + 6H2O




	Start with the molarity of H2SO4. Use dimensional analysis to convert it to the molarity of Al(OH)3 as follows:






[image: ? fraction mol A l left parenthesis O H right parenthesis subscript 3 over L A l left parenthesis O H right parenthesis subscript 3 end fraction equals fraction 0.0500 mol H subscript 2 S O subscript 4 over L H subscript 2 S O subscript 4 end fraction multiplied by fraction 2 mol A l left parenthesis O H right parenthesis subscript 3 over 3 mol H subscript 2 S O subscript 4 end fraction multiplied by fraction 35.0 m L H subscript 2 S O subscript 4 over 50.0 m L A l left parenthesis O H right parenthesis subscript 3 end fraction]




	When we extract the coefficients from the right side of this equation, it matches response (A).



	37.(D)The largest error will occur if the results are not corrected for the vapor pressure of water. The temperature of the water must be measured, but it does not have to be 0 °C. The barometric pressure is part of the ideal gas law and does not need to be 760 torr, but it must be measured when the experiment is performed. The use of tap water instead of distilled water and the flammability properties of the gas will not have a significant effect on the gas.



	38.(B)To determine the amount of heat necessary to raise the temperature, you must multiply the specific heat × mass × ΔT.






[image: Multiline equation: Line 1: q equals left parenthesis 2.0 J over g superscript ring operator C right parenthesis left parenthesis 35.5 g right parenthesis left parenthesis 75.0 superscript ring operator C minus 25.0 superscript ring operator C right parenthesis; Line 2: q equals 3 comma 550 J equals 3.55 k J]




	39.(D)We need to write the chemical reaction as






[image: 2 S O subscript 2 left parenthesis g right parenthesis plus O subscript 2 left parenthesis g right parenthesis rightwards harpoon over leftwards harpoon 2 S O subscript 3 left parenthesis g right parenthesis]




	The equilibrium expression for this reaction is written in terms of partial pressures, measured in atmospheres, and the equilibrium constant is Kp.






[image: K subscript p equals fraction P subscript so subscript 3 superscript 2 over P subscript o subscript 2 P subscript so subscript 2 superscript 2 end fraction equals 3.0 multiplied by 10 superscript 22 ]




	The initial partial pressure of SO3 is 0.789 atm. If 2x atm of the initial SO3 decomposes, x atm of O2 and 2x atm of SO2 will form. This is summarized in the ICES table.
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3.46 × 10−8




	

1.73 × 10−8
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	We enter the information from the equilibrium line into the equilibrium expression. We use the approximation that 0.789 − 2x ≅ 0.789 because the equilibrium constant is large.






[image: Multiline equation: Line 1: K subscript p equals fraction left parenthesis 0.789 minus 2 x right parenthesis over x left parenthesis 2 x right parenthesis superscript 2 end fraction equals fraction left parenthesis 0.789 right parenthesis superscript 2 over x left parenthesis 2 x right parenthesis superscript 2 end fraction; Line 2: 3.0 multiplied by 10 superscript 22 equals fraction left parenthesis 0.789 right parenthesis superscript 2 over x left parenthesis 2 x right parenthesis superscript 2; Line 3: 12.0 multiplied by 10 superscript 22 x superscript 3 equals 0.623; Line 4: x equals 1.73 multiplied by 10 superscript minus 8 a t m equals 1.32 multiplied by 10 superscript minus 5 t o r r. ]




	The value of x is very small, indicating that our assumption was correct. Notice how we needed to solve the problem using units of atmospheres.



	40.(C)Straight-chain hydrocarbons are essentially nonpolar, and they interact only with London forces of attraction that include instantaneous dipoles and induced dipoles. As the chain becomes longer, each molecule has more of these forces attracting it to neighboring molecules. With long nonpolar carbon chains, these instantaneous dipoles can be a strong attractive force.



	41.(C)To determine the empirical formula we must calculate the simplest ratio of moles of each element in the formula. The percentages are converted to grams by assuming 100 g of sample and changing all percentages to grams. The moles are then calculated as






[image: Multiline equation: Line 1: ? mol C equals 51.9 g C left parenthesis fraction 1 mol C over 12 g C end fraction right parenthesis equals 4.32 mol C; Line 2: ? mol H equals 4.86 g H left parenthesis fraction 1 mol H over 1 g H end fraction right parenthesis equals 4.86 mol H; Line 3: ? mol B r equals 43.2 g B r left parenthesis fraction 1 mol B r over 79.9 g B r end fraction right parenthesis equals 0.541 mol B r]




	Divide each of the answers above by 0.541 to get 7.98 mol C, 8.98 mol H, and 1.00 mol Br. The empirical formula is C8H9Br.



	42.(C)The molecules in both (A) and (B) contain the −OH group and can hydrogen bond to other identical molecules. The molecules in (C) and (D) cannot hydrogen bond to other identical molecules because they do not contain the −OH, −NH, or H−F bond. The molecule in (D) cannot hydrogen bond to the molecule in (C) and there is no molecule below (D). The molecule in (C) cannot hydrogen bond to the molecule in (D) but it can hydrogen bond to the molecule in (B).



	43.(D)Choices (A), (B), and (C) are all correct applications of E°cell.



	44.(D)When the reaction shows no pressure changes, it indicates that ∆ng = 0. If a chemical reaction has the same number of moles of gas as reactants and products, then Kp will be equal to Kc.



	45.(B)The rate-determining step governs the overall reaction rate. Proposed mechanisms must provide appropriate steps to include the slow step.



















Short Diagnostic Test 2




	
1.A certain beam of monochromatic light has a frequency of 6.00 × 1014 hertz. The wavelength of this radiation is __________, and this wavelength and frequency reside in the __________ of the electromagnetic spectrum. (The speed of light is 3.00 × 108 m s−1.)




	(A)500. nm visible region



	(B)200. nm ultraviolet region



	(C)2,000,000 m. radio wave region



	(D)500. pm X-ray region








	
2.Of the following oxoacids, which is predicted to be the strongest acid?




	(A)HBrO



	(B)HClO



	(C)HIO



	(D)HClO3








	3.What is the equilibrium expression for the reaction below?






C3H8(l) + 5O2(g) → 3CO2(g) + 4H2O(l)




	(A)[image: K equals left square bracket C O subscript 2 left square bracket superscript 3 over left square bracket O subscript 2 left square bracket superscript 5 ]



	(B)[image: K equals fraction left square bracket C subscript 3 H subscript 8 left square bracket left square bracket O subscript 2 left square bracket superscript 5 over left square bracket C O subscript 2 left square bracket superscript 3 left square bracket H subscript 2 O left square bracket superscript 4 end fraction]



	(C)[image: K equals fraction left square bracket C subscript 3 H subscript 8 left square bracket over left square bracket H subscript 2 O left square bracket superscript 4 end fraction]



	(D)[image: K equals fraction left square bracket O subscript 2 left square bracket superscript 5 over left square bracket C O subscript 2 left square bracket superscript 3 end fraction ]



	
4.The rate law may be written using stoichiometric coefficients for which of the following?




	(A)Precipitation reactions



	(B)Acid–base reactions



	(C)Elementary processes



	(D)Solubility reactions








	
5.A gas in a 5.0 L container under 2.5 atm pressure is allowed to expand to fill a new container in which the pressure has decreased to 1.0 atm. What is the new volume of the gas?




	(A)12.5 L



	(B)10.0 L



	(C)  2.0 L



	(D)0.50 L








	
6.A solution is prepared by dissolving 36.5 grams of Ni(NO3)2 in enough water to make 250 mL of solution. What is the molarity of this solution?




	(A)0.500 molar



	(B)0.800 mol/L



	(C)3.3 molar



	(D)5.00 × 10−3 molar








	
7.Hard materials such as silicon carbide, used for grinding wheels, are said to be examples of




	(A)ionic crystals



	(B)network crystals



	(C)metallic crystals



	(D)molecular crystals








	
8.The equilibrium constant, Kc, for the dissociation of HI into hydrogen gas and iodine vapor is 21 at a certain temperature. What will be the molar concentration of iodine vapor if 15 grams of HI (the molar mass of HI is 127.90 g mol−1) gas is introduced into a 12.0-L flask and allowed to come to equilibrium?




	(A)4.58 mol/L



	(B)0.00687 mol NaOH L−1



	(C)4.4 × 10−3 M NaOH



	(D)9.76 × 10−3 M NaOH








	
9.What is the molarity of a sodium hydroxide solution that requires 42.6 mL of 0.108 M HCl to neutralize 40.0 mL of the base?




	(A)1.64 M NaOH



	(B)0.400 mol/L



	(C)0.115 M



	(D)0.0641 M








	
10.Changing which of the following will change the numerical value of the equilibrium constant?




	(A)The pressure of reactants



	(B)The pressure of products



	(C)The temperature of the reaction



	(D)The total mass of the chemicals present








	
11.Of the reactions below, which is a decomposition reaction?




	(A)C7H8O2(l) + 8O2(g) → 7CO2(g) + 4H2O(l)



	(B)2KClO3(s) → 2KCl(s) + 3O2(g)



	(C)2Cr(s) + 3Cl2(g) → 2CrCl3(s)



	(D)6Li(s) + N2(g) → 2Li3N(s)








	
12.Helium effuses through a pinhole 5.33 times faster than an unknown gas. That gas is most likely




	(A)CO2



	(B)CH4



	(C)C5H12



	(D)C8H18








	
13.The Pauli exclusion principle states that




	(A)no two electrons can have the same energy



	(B)no two electrons can have the same four quantum numbers



	(C)no two electrons can occupy separate orbitals



	(D)no two electrons can pair up if there is an empty orbital available








	
14.Which of the following can form hydrogen bonds?




	(A)CH3OCH2CH3



	(B)HCN



	(C)CH3OCH2Br



	(D)CH3NH2








	
15.Which experiment led to the notion that the atom contains an extremely small, positively charged nucleus?




	(A)Millikan’s oil drop experiment



	(B)Rutherford’s gold foil experiment



	(C)Thomson’s cathode ray experiment



	(D)Dalton’s atomic experiment








	
16.Which of the following is expected to be a polar molecule?




	(A)PCl4F



	(B)BF3



	(C)CO2



	(D)Si(CH3)4








	
17.All of the following ions have the same electron configuration EXCEPT




	(A)Rb+



	(B)Se2−



	(C)As5+



	(D)Sr2+








	
18.Using a periodic table, predict which of the following is the negative end of the bond written last?




	(A)O−N



	(B)S−As



	(C)F−I



	(D)P−Cl








	
19.What is the molar mass of a monoprotic weak acid that requires 26.3 mL of 0.122 M KOH to neutralize 0.682 gram of the acid?




	(A)682 g mol−1



	(B)212 g mol−1



	(C)147 g mol−1



	(D)    4.70 g mol−1








	
20.Which of the following correctly lists the individual intermolecular attractive forces from the strongest to the weakest?




	(A)Induced dipole > dipole-dipole > hydrogen bond



	(B)Hydrogen bond > dipole-dipole > induced dipole



	(C)Induced dipole > hydrogen bond > dipole-dipole



	(D)Dipole-dipole > hydrogen bond > induced dipole








	
21.A mechanism is a sequence of elementary reactions that add up to the overall reaction stoichiometry. A substance that is produced in one elementary reaction and consumed in another is called




	(A)a catalyst



	(B)an intermediate



	(C)a reactant



	(D)a complex








	
22.How many moles of propane (C3H8) are there in 6.2 g of propane?




	(A)  1.4 × 10−1 mol



	(B)  7.1 mol



	(C)14.1 mol



	(D)71 mol








	
23.What is the work involved if a gas in a 2.0-liter container at 2.4 atmospheres of pressure is allowed to expand to 6.0 L against a pressure of 0.80 atmospheres?




	(A)−9.62 L atm



	(B)−4.8 L atm



	(C)−3.2 L atm



	(D)+14.4 L atm








	
24.Monatomic ions of the representative elements are often




	(A)found in compounds that are insoluble



	(B)very electronegative



	(C)isoelectronic with a noble gas



	(D)found in highly colored compounds








	
25.A first-order reaction has a half-life of 34 minutes. What is the rate constant for this reaction?




	(A)  3.4 × 10−4 s−1



	(B)  2.04 × 10−2 s−1



	(C)  2.9 × 10−1 min−1



	(D)34 min








	
26.The electrolysis of molten magnesium bromide is expected to produce




	(A)magnesium at the anode and bromine at the cathode



	(B)magnesium at the cathode and bromine at the anode



	(C)magnesium at the cathode and oxygen at the anode



	(D)bromine at the anode and hydrogen at the cathode








	
27.The oxidation number of chlorine in the perchlorate ion, [image: C l O subscript 4 superscript minus ], is




	(A)−3



	(B)−1



	(C)+2



	(D)+7








	
28.A certain reaction has a ∆H° = −43.2 kJ mol−1 and an entropy change ∆S° of +22.0 J mol−1 K−1. What is the value of ∆G° at 800 °C?




	(A)+21.2 kJ mol−1



	(B)−21.2 kJ mol−1



	(C)−66.8 kJ/mol



	(D)−2365 kJ mol−1








	
29.How many electrons, neutrons, and protons are in an atom of 52Cr?




	(A)24 electrons, 24 protons, 24 neutrons



	(B)27 electrons, 27 protons, 24 neutrons



	(C)24 electrons, 28 protons, 24 neutrons



	(D)24 electrons, 24 protons, 28 neutrons








	
30.The ideal gas law is successful for most gases because




	(A)room temperature is high



	(B)volumes are small



	(C)gas particles do not interact significantly



	(D)gases are dimers








	
31.Which of the following is a conjugate acid-base pair?




	(A)[image: H C l space N a O H]



	(B)[image: H N O subscript 2 space N O subscript 2 superscript minus ]



	(C)[image: H subscript 2 S O subscript 3 space S O subscript 3 superscript 2 minus ]



	(D)[image: F e left parenthesis O H right parenthesis subscript 3 space F e left parenthesis O H right parenthesis subscript 2 ]








	
32.The electron configuration 1s2 2s2 2p6 3s2 3p6 4s2 signifies the ground state of the element




	(A)V



	(B)Ti



	(C)Co



	(D)Ca








	
33.What is the molar concentration of chloride ions when 35.0 g of MgCl2 (molar mass = 95.21 g/mol) are dissolved in 250. mL of water?




	(A)0.00294 M



	(B)1.47 M



	(C)2.75 M



	(D)2.94 M








	
34.Which of the following reactions is expected to have the greatest decrease in entropy?




	(A)HCl(aq) + NaOH(aq) → NaCl(aq) + H2O



	(B)CH4(g) + 2O2(g) → CO2(g) + 2H2O(l)



	(C)C(s) + O2(g) → CO2(g)



	(D)2SO2(g) + O2(g) → 2SO3(g)








	
35.What is the conjugate acid of the [image: H subscript 2 P O subscript 4 superscript minus ] ion?




	(A)[image: H P O subscript 4 superscript 2 minus ]



	(B)[image: H subscript 2 P O subscript 4 superscript minus ]



	(C)H3PO4



	(D)[image: P O subscript 4 superscript 3 minus ]








	
36.A thimble of water contains 4.0 × 1021 molecules. The number of moles of H2O in the thimble is




	(A)2.4 × 1045



	(B)2.4 × 1023



	(C)6.6 × 10−3



	(D)6.6 × 10−23








	
37.Each resonance form of the nitrate ion, [image: N O subscript 3 superscript minus ], has how many sigma bonds and how many pi bonds?




	(A)1 sigma and 2 pi



	(B)2 sigma and 1 pi



	(C)1 sigma and 1 pi



	(D)3 sigma and 1 pi








	
38.Twenty-five milligrams of sucrose (C12H22O11) are dissolved in enough water to make 1.00 liter of solution. What is the molarity of the solution?




	(A)  7.3 × 10−5



	(B)  7.31 × 10−2



	(C)  1.36



	(D)73.1








	
39.Which of the following represents the titration curve of a strong base titrated with a strong acid?




	(A)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 21- CHOICES A-2 SHOWING ABSORBANCE, CONCENTRATION, AND TIME.]



	(B)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 21- CHOICES A-2 SHOWING ABSORBANCE, CONCENTRATION, AND TIME.]



	(C)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 21- CHOICES A-2 SHOWING ABSORBANCE, CONCENTRATION, AND TIME.]



	(D)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 21- CHOICES A-2 SHOWING ABSORBANCE, CONCENTRATION, AND TIME.]








	
40.A fast reaction rate for a chemical reaction depends on




	(A)having a large activation energy



	(B)being exothermic



	(C)being endothermic



	(D)having a small activation energy








	
41.Which of the following is a reduction half-reaction?




	1.[image: C u superscript 2 plus plus e superscript minus rightwards arrow C u superscript plus ]



	2.[image: C u superscript plus plus e superscript minus rightwards arrow C u superscript 0 ]



	3.[image: F e superscript 2 plus rightward arrow F e superscript 3 plus plus e superscript minus ]








	(A)1 only because copper(II) ions are reduced



	(B)3 only because the iron is reduced



	(C)1 and 2 because they both reduce copper ions



	(D)1 and 3 because they do not have insoluble ions








	
42.Using a periodic table, determine which of the following pairs is expected to have the largest bond polarity?




	(A)S−O



	(B)P−F



	(C)C−B



	(D)C−N








	
43.How many electrons, neutrons, and protons are in an atom of Cr?




	(A)24 electrons, 24 protons, 24 neutrons



	(B)27 electrons, 27 protons, 24 neutrons



	(C)24 electrons, 28 protons, 24 neutrons



	(D)More information is needed to answer this question.








	
44.Which of the following is incorrectly named?




	(A)CaCl2calcium chloride



	(B)Fe(NO3)3iron(III) nitrate



	(C)AlBr3aluminum tribromide



	(D)K2Cr2O7 potassium dichromate








	
45.As the atomic number increases within a period, what happens to the atomic radius of an atom?




	(A)It generally increases.



	(B)It remains the same.



	(C)It generally decreases.



	(D)It increases and then decreases.













Evaluating Your Results


Score your test using the answer key. Then complete the following tables. The first table is designed to find your general strengths and weaknesses based on four broad categories. The second table is a more specific diagnostic chart that will suggest which particular chapters you should concentrate your studies on. In combination, these two tables will help you focus your efforts on the material that needs the most study.


Question Categories


















	Question Type


	Questions


	Number Wrong











	Basic Facts


	2, 3, 7, 10, 11, 13, 15, 16, 21, 24, 29, 35, 37, 39, 44, 45


	 







	Basic Concepts


	4, 14, 18, 27, 28, 30, 31, 32, 36, 41, 42


	 







	Calculations


	1, 5, 6, 8, 9, 12, 19, 22, 23, 25, 27, 28, 33, 38


	 







	Mixed Concepts


	9, 17, 20, 26, 32, 34, 35, 40, 43


	 










Breakdown by Topics




















	Chapter


	Questions


	Number Wrong











	1.Structure of the Atom


	1, 13, 15, 32


	 







	2.Periodic Table


	29, 39, 43, 45


	 







	3.Ionic Compounds and Reactions


	11, 17, 24, 44


	 







	4.Covalent Compounds


	16, 18, 37, 42


	 







	5.Stoichiometry


	9, 19, 22, 36


	 







	6.Gases


	5, 12, 20


	 







	7.Liquids and Solids


	7, 14, 20


	 







	8.Solutions


	6, 33, 38


	 







	9.Equilibrium


	3, 8, 10


	 







	10.Kinetics


	4, 21, 25, 40


	 







	11.Thermodynamics


	23, 28, 34


	 







	12.Redox and Electrochemistry


	26, 27, 41


	 







	13.Acids and Bases


	2, 31, 35


	 


















Answer Explanations




	1.(A)The basic equation is λν = c, which reads “The wavelength times the frequency is equal to the speed of light, which is 3.00 × 108 m s−1.”






[image: table attributes columnalign left Multiline equation: Line 1: lambda equals left parenthesis 3.00 multiplied by 10 superscript 8 m s superscript minus 1 right parenthesis over left parenthesis 6.00 multiplied by 10 superscript 14 s superscript minus 1 right parenthesis; Line 2: lambda equals 5.0 multiplied by 10 superscript minus 7 m equals 500 multiplied by 10 superscript minus 9 m equals 500 n m ]




	If we convert the units to meters (m), centimeters (cm), or picometers (pm), we do not end up with any of the other choices. This wavelength is in the visible region of the electromagnetic spectrum.



	2.(D)Among HBrO, HClO, and HIO, the most electronegative central atom indicates the strongest oxoacid. Therefore, HClO is the strongest of these three. Comparing HClO and HClO3, we select HClO3 as the stronger because it has the larger number of unshared or double-bonded oxygen atoms that stabilize the anion, creating a stronger acid.



	3.(A)All of the reactants and products are gases and are used in the equilibrium expression.



	4.(C)Only reactions that are known to be elementary processes (i.e., actual collisions of molecules) can be used to write a rate law. Most other reactions proceed by multistep mechanisms that have to be deduced from experimental evidence.



	5.(A)Pressure and volume are inversely proportional when a gas is at constant temperature. The relationship is expressed as P1V1 = P2V2 and we solve for the answer as






[image: Multiline equation: Line 1: left parenthesis 2.50 a t m right parenthesis left parenthesis 5.00 L right parenthesis equals left parenthesis 1.00 a t m right parenthesis V subscript 2; Line 2: V subscript 2 equals fraction left parenthesis 2.50 a t m right v left v 5.00 L right parenthesis over left parenthesis 1.00 a t m right parenthesis; Line 3: equals 12.5 L. ]




	6.(B)Molarity is the moles of solute in each liter of solution; molarity = mol solute/L solution






[image: Multiline equation: Line 1: mol N I left parenthesis N O subscript 3 right parenthesis subscript 2 equals 36.5 g N I left parenthesis N O subscript 3 right parenthesis subscript 2 left parenthesis fraction 1 mol N I left parenthesis N O subscript 3 right parenthesis subscript 2 over 182.70 g N i left parenthesis N O subscript 3 right parenthesis subscript 2 end fraction right parenthesis; Line 2: equals 0.200 mol N i left parenthesis N O subscript 3 right parenthesis subscript 2; Line 3: molarity N i left parenthesis N O subsript 3 right parenthesis subscript 2 equals left parenthesis 0.200 mol N i left parenthesis N O subscript 3 right parenthesis subscript 2 right parenthesis over 0.250 L; Line 4: equals 0.800 mol N i left v N O subscript 3 right parenthesis subscript 2 over L.]




	7.(B)Network crystals are held together with covalent bonds. These bonds make the crystal one large, rigid molecule. As a result, the macroscopic substance is very hard.



	8.(C)The reaction is [image: 2 H I left parenthesis g right parenthesis rightwards harpoon over leftwards harpoon H subscript 2 left parenthesis g right parenthesis plus I subscript 2 left parenthesis g right parenthesis], and the equilibrium expression is






[image: Multiline equation: Line 1: K equals fraction left square bracket H subscript 2 left square bracket left square bracket I subscript 2 left square bracket over left square bracket H I left square bracket superscript 2 end fraction equals 21; Line 2: fraction ? mol H I over L end fraction equals fraction 15 g H I over 12 L end fraction left square bracket fraction 1 mol H I over 128 g H I end fraction left square bracket equals 9.77 multiplied by 10 superscript minus 3 mol L superscript minus 1.]




	When HI reacts, 2x moles of HI form x moles of H2 and x moles of I2. The equilibrium expression is






[image: Multiline equation: Line 1: fraction left parenthesis x right parenthesis left parenthesis x right parenthesis over left parenthesis 9.77 multiplied by 10 superscript minus 3 minus 2 x right parenthesis superscript 2 end fraction equals 21 Take the square root of both sides of the equation; Line 2: fraction left parenthesis x right parenthesis over 9.77 multiplied by 10 superscript minus 3 minus 2 x end fraction equals 4.58; Line 3: x equals 4.47 multiplied by 10 superscript minus 2 minus 9.16 x; Line 4: 10.16 x equals 4.47 multiplied by 10 superscript minus; Line 5: x equals 4.4 multiplied by 10 superscript minus 3 mol L superscript minus 1.]




	Because x = [I2], that is the concentration of I2 vapor expected. We keep only two significant figures because Kc had only two significant figures.



	
9.(C)Molarity is a ratio of units (moles per liter); therefore, the setup of the calculation must start with a ratio, such as another molarity.




	Setup:






[image: ? M subscript NaOH equals 0.108 M subscript H C l ]




	Expand molarities to mol/L and insert conversion factors:






[image: ? fraction mol N a O H over L N a O H end fraction equals fraction 0.108 mol H C l over L H C l end fraction multiplied by fraction 1 mol NaOH over 1 mol H C l end fraction multiplied by fraction 0.0426 L H C l over 0.0400 L N a O H end fraction equals 0.115 M N a O H]




	10.(C)ONLY temperature changes will result in changes in the numerical value of the equilibrium constant.



	11.(B)A decomposition reaction occurs when a large molecule breaks down into its composite elements or smaller molecules. In this case, KClO3 breaks down into KCl and O2.



	12.(D)Graham’s law of effusion is written as






[image: fraction rate subscript 1 over rate subscript 2 end fraction equals square root of fraction mass subscript 2 over mass subscript 1 end fraction end root]




	Defining helium as compound 1 in the equation above, we can substitute






[image: 5.33 equals square root of fraction mass subscript 2 over 4 end fraction end root]




	Square both sides:






[image: Multiline equation: Line 1: 28.4 equals fraction mass subscript 2 over 4 end fraction; Line 2: mass subscript 2 equals 4 multiplied by 28.4 equals 114 g over mol ]




	The molecular masses of the possible compounds are (A) CO2 = 44, (B) CH4 = 16, (C) C5H12 = 72, and (D) C8H18 = 114, which is obviously the sample in this experiment.



	13.(B)The Pauli exclusion principle states that no two electrons in an element can have the same set of four quantum numbers. This is another way of saying that no two electrons can occupy the same orbital with the same spin. Response (A) is false—electrons often have the same energy. Response (C) is wrong because, although electrons can occupy separate orbitals, this has nothing to do with the question. Response (D) is a statement of Hund’s rule.



	14.(D)Hydrogen bonds can form when a compound contains a fluorine, an oxygen, or a nitrogen atom with a hydrogen bonded to it. In this question, this criterion is fulfilled only by CH3NH2.



	15.(B)In Rutherford’s gold foil experiment, he bombarded a piece of gold foil with heavy alpha particles. Rutherford discovered that most of the particles went directly through the foil rather than being reflected back. This led to the conclusion that the atom was mostly comprised of a small, dense, positive core surrounded by empty space with sparingly spaced electrons.



	16.(A)The Lewis structures of all molecules listed except PCl4F are symmetric. That two different atoms are attached to the central P atom immediately suggests that this molecule is not symmetric. We test it first by drawing its Lewis structure. We find the structure to be a trigonal bipyramid that is not symmetric, and we predict it will be polar.



	17.(C)All of the ions in this question are isoelectronic with the noble gas krypton except arsenic. Arsenic would have to be a 3- ion to be isoelectronic with krypton. It is written as a 5+ ion.



	18.(D)Generally, with a pair of elements, the one closest to fluorine in the periodic table is negative (largest electronegativity), and the atom farthest from fluorine is positive (lowest electronegativity). The only one of the five pairs where the second element is closest to fluorine is the P−Cl pair.



	19.(B)To determine the molar mass, we need to calculate the moles of the acid and divide it into the mass of the acid used in this experiment. Since each acid molecule has one proton (it is monoprotic), determining the moles of protons gives us the moles of the acid.






moles of protons = (0.0263 L) (0.122 M KOH) = 3.21 × 10−3 mol


molar mass = (0.682 gram)/(3.21 × 10−3 mol) = 212 g mol−1




	
20.(B)Hydrogen bonding is the strongest intermolecular attractive force and is listed first. Induced dipoles are the weakest attractive forces and last for a short period of time.




	21.(B)An intermediate is defined as a substance that is neither a reactant nor a product. Intermediates are often difficult to detect. Catalysts fit the above description, but they are substances that are added to the reaction mixture and can be isolated afterward.



	22.(A)Mathematically, we start with ? mol C3H8 = 6.2 g C3H8. We then use the conversion factor 1 mol C3H8 = 44 g C3H8 to convert g to mol.






[image: Multiline equation: Line 1: ? Mol C subscript 3 H subscript 8 equals 6.2 g C subscript 3 H subscript 8 left square bracket fraction 1 mol C subscript 3 H subscript 8 over 44 g C subscript 3 H subscript 8 end fraction left square bracket; Line 2: equals 1.4 multiplied by 10 superscript minus 1 mol C subscript 3 H subscript 8. ]




	23.(C)Work can be determined from PV data. The equation is






[image: work left parenthesis w right parenthesis equals minus P capital delta V]




	We can use P1V1 = P2V2 to calculate the final volume using the equation above:






[image: left parenthesis 2.4 a t m right parenthesis left parenthesis 2.0 L right parenthesis equals left parenthesis 0.80 a t m right parenthesis left parenthesis x liters right parenthesis; Line 2: x liters equals 6.0 L; Line 3: work equals minus left parenthesis 0.80 a t m right parenthesis left parenthesis 6.0 L minus 2.0 L right parenthesis equals minus 3.2 L a t m ]




	24.(C)This is the best answer because all group 1A, 2A, and 3A metals, as well as representative nonmetals, have ions that are isoelectronic with a noble gas.



	25.(A)From the integrated rate law we can derive that ln(2) = kt1/2, where t1/2 is the half-life.



	Converting 34 minutes to seconds yields 34 × 60 = 2040 seconds. The rate constant is calculated as






[image: Multiline equation: k equals I n left parenthesis 2 right parenthesis over 2040 s; Line 2: equals 0.693 over 2040 s; Line 3: equals 3.4 multiplied by 10 superscript minus 4 s superscript minus 1.]




	We round the final answer to two significant figures because 34 minutes has only two significant figures.



	26.(B)In this molten salt the only possible products are magnesium and bromine. The question is at which electrode are these products found. Remembering that oxidation always occurs at the anode, we see that 2Br− → Br2 + 2e− is the oxidation process. Therefore, bromine is produced at the anode and magnesium at the cathode.



	27.(D)To calculate the oxidation number of an element in a polyatomic ion, the charges of the atoms must add up to the charge on the ion.






[image: Multiline equation: Line 1: Charge of ion equals left parenthesis o x dot n o dot C I right parenthesis plus 4left parenthesis o x dot n o dot C I right parenthesis; Line 2: minus 1 equals left parenthesis o x dot n o dot C I right parenthesis plus 4 left parenthesis minus 2 right parenthesis; Line 3: minus 1 plus 8 equals o x dot n o dot C I; Line 4: plus 7 equals o x dot n o dot C I ]




	28.(C)The Gibbs free-energy equation is ∆G° = ∆H° – T∆S°. To determine ∆G° at a temperature other than 298 K we need ∆H° and ∆S° so that the above equation can be solved at a temperature different from 298 K.






[image: Multiline equation: Line 1: capital delta G superscript ring operator equals minus 43.2 k J mol superscript minus 1 minus left parenthesis 1073 K right parenthesis left parenthesis 22.0 J mol superscript minus 1 K minus 1 right parenthesis; Line 2: 43.2 k J mol superscript minus 1 minus left parenthesis 23.6 multiplied by 10 superscript 3 J mol superscript minus 1 right parenthesis; Line 3: 43.2 k J mol superscript minus 1 minus left parenthesis 23.6 k J mol superscript minus 1 right parenthesis; Line 4: equals minus 66.8 k J mol superscript minus 1.]




	29.(D)This is an uncharged isotope of chromium that has a mass number of 52. The atomic number of chromium is 24 (see periodic table). So this symbol represents an isotope that has 24 protons. Because the charge is 0, the isotope has 24 electrons. It also has 52 – 24 = 28 neutrons.



	30.(C)This response is true because of the large distance between gas particles. The other three responses are not necessarily true about any given gas sample.



	31.(B)This pair differs by only one H+ between their two formulas.



	32.(D)This electron configuration has 20 electrons in the lowest possible energy levels according to the Aufbau ordering. Element 20 is calcium.



	33.(D)To calculate the concentration of chloride ion, first calculate the number of moles of Cl− in 35.0 g of MgCl2






[image: Multiline equation: Line 1: 35.0 g M g C l subscript 2 multiplied by fraction 1 mol M g C l subscript 2 over 95.21 g M g C l subscript 2 end fraction; Line 2: multiplied by fraction 2 mol C l superscript minus over 1 mol M g C l subscript 2 end fraction equals 0.735 mol C l superscript minus.]




	Calculate the molarity after converting the volume to L






[image: fraction 0.735 mol C l superscript minus over 0.250 L end fraction equals 2.94 M]




	
34.(B)The most important factor in entropy change is whether or not there is a change in volume as denoted by the change in the number of gas molecules in the chemical equation (∆ng). The increase in gases result in more energy states, which means an increase in entropy. For the reactions given, the ∆ng is: (A) 0, (B) −2, (C) 0, (D) −1. Reaction (B) has the greatest decrease in the moles of gas and should have the largest decrease in entropy.




	35.(C)The conjugate acid of a base is obtained by adding one hydrogen atom and one positive charge to the base. Therefore, [image: H subscript 2 P O subscript 4 superscript minus plus H superscript plus rightwards arrow H subscript 3 P O subscript 4 ].



	36.(C)One mole of any substance contains 6.02 × 1023 units of that substance whether the substance contains atoms, molecules, or formula units. This can be used as a conversion factor to determine either the number of moles or the units of a substance






[image: Multiline equation: Line 1: left parenthesis 4.0 multiplied by 10 superscript 21 molecules right parenthesis multiplied by fraction 1 mole over 6.02 multiplied by 10 superscript 23 molecules end fraction; Line 2: equals 6.6 multiplied by 10 superscript minus 3 moles.]




	37.(D)The nitrate ion has two oxygen atoms bonded to the nitrogen with single bonds and has one oxygen bonded to the nitrogen with a double bond. This adds up to three sigma bonds and one pi bond.



	38.(A)We will calculate molarity as (g/mol)/(L of solution)






[image: Multiline equation: Line 1: molarity equals left parenthesis 25 multiplied by 10 superscript minus 3 g sucrose over 342 g mol superscript minus 1 right parenthesis over 1.00 L; Line 2: equals 7.31 multiplied by 10 superscript minus 5 molar; Line 3: 7.3 multiplied by 10 superscript minus 5 M left parenthesis when correctly rounded right parenthesis ]




	39.(C)The sigmoidal shape of the curve is characteristic of a titration curve. When a base is titrated, the pH starts out high and decreases.



	40.(D)When the activation energy is low there are a large number of collisions with the proper energy for the reaction to occur. So a small activation energy results in a fast reaction rate.



	41.(C)Half-reactions 1 and 2 are reductions because the charge of the copper ions decreases in the process. The iron half-reaction is an oxidation because the oxidation number increases from +2 to +3.



	42.(B)The difference in electronegativity is 1.9. The others are (A) 1.1, (C) 0.5, and (D) 0.6. This answer can be estimated since the P and F are more widely separated than the other pairs, which are adjacent atoms in the periodic table.



	43.(D)Because chromium has more than one isotope and this question does not specify which isotope, it is impossible to state the number of neutrons. The atomic mass in the periodic table is NOT an isotope mass and cannot be used for that purpose.



	44.(C)The correct name is aluminum bromide. Aluminum ions are always 3+, and bromide ions are always 1-. The prefix tri- is used only for compounds composed of two nonmetals.



	45.(C)As the atomic number increases across a period, the size of the atom decreases. This is due to an increase in the effective nuclear charge. Adding more protons to the nucleus from left to right across a period increases the positive charge. However, increasing the number of electrons does not cause these electrons to repel each other sufficiently to maintain or increase the size of the atom.



















Short Diagnostic Test 3




	
1.40Ca, 39K, and 41Sc all have the same




	(A)atomic mass



	(B)atomic number



	(C)number of neutrons



	(D)number of electrons








	2.Balance the following skeleton reaction in acid solution using the ion-electron method to obtain a reaction with the smallest possible whole-number coefficients. The sum of all the coefficients in the balanced equation is






[image: I O subscript 3 superscript minus plus C l superscript minus rightwards arrow C l O superscript minus plus I subscript 2 ]




	(A)  8



	(B)14



	(C)16



	(D)24



	
3.The reaction of Br2(g) with Cl2(g) to form BrCl(g) has an equilibrium constant of 15.0 at a certain temperature. If the concentration of BrCl is initially 5.8 × 10−3 moles/liter in the reaction vessel, what will the concentration of BrCl be at equilibrium?




	(A)3.8 × 10−3 mol/L



	(B)5.77 × 10−3 mol/L



	(C)1.97 × 10−3 M



	(D)9.9 × 10−4 M








	
4.Which of the following is a balanced chemical equation?




	(A)Na2SO4 + Ba(NO3)2 → BaSO4 + NaSO4



	(B)AgNO3 + K2CrO4 → Ag2CrO4 + 2KNO3



	(C)5FeCl2 + 8HCl + KMnO4 → 5FeCl3 + MnCl2 + 4H2O + KCl



	(D)Al(NO3)3 + 3KOH → Al(OH)3 + KNO3








	
5.A 50.0 mL sample of 0.0025 M HBr is mixed with 50.0 mL of 0.0023 M KOH. What is the pH of the resulting mixture?




	(A)  1.00



	(B)  4.00



	(C)  5.00



	(D)11.00








	
6.How many milliliters of 0.250 M KOH does it take to completely neutralize 50.0 mL of 0.150 M H3PO4?




	(A)  27 mL



	(B)  30.0 mL



	(C)  90.0 mL



	(D)270 mL








	
7.Which of the following pairs have the same electron configuration and are isotopes of each other?




	(A)56Fe2+ and 57Fe3+



	(B)39K+ and 40K+



	(C)24Mg2+ and 25Mg



	(D)40Ca2+ and 40Ar








	
8.In acid solution the bromate ion, [image: B r O subscript 3 superscript minus ], can react with other substances, resulting in Br2. Balance the half-reaction for bromate ions forming bromine. The balanced half-reaction has




	(A)6 electrons on the left



	(B)6 electrons on the right



	(C)3 electrons on the left



	(D)10 electrons on the left








	
9.The quantum number ℓ signifies the




	(A)relative distance of the electron from the nucleus



	(B)orientation in space of a particular orbital



	(C)shape of an orbital



	(D)spin of the electron








	
10.When an ideal gas is allowed to expand isothermally, which one of the following is true?




	(A)q = 0



	(B)w = 0



	(C)E = 0



	(D)q = −w








	
11.Which pair of reactants will have no net ionic equation (that is, all the ions cancel)?




	(A)Na2SO3 + FeCl2



	(B)CaCl2 + MnBr2



	(C)NH4I + Pb(NO3)2



	(D)KOH + HClO4








	
12.The rate law for the reaction of 2A + B → 2P is




	(A)impossible to determine without experimental data



	(B)[A]2[B]



	(C)k[A]2[B]



	(D)second order with respect to A








	
13.Hund’s rule requires that




	(A)no two electrons can have the same four quantum numbers



	(B)no two electrons with the same spin can occupy an orbital



	(C)no two electrons can occupy separate orbitals



	(D)no two electrons can pair up if there is an empty orbital at the same energy level available








	14.Which is a conjugate acid–base pair in the following equation?






[image: H subscript 3 P O subscript 4 plus H subscript 2 O superscript plus rightwards harpoon over leftwards harpoon H subscript 3 O superscript plus plus H subscript 2 PO subscript 4 superscript minus ]




	(A)H2O and H3O+



	(B)[image: H subscript 3 O superscript plus and H subscript 2 P O subscript 4 superscript minus ]



	(C)H3PO4 and H2O



	(D)H3PO4 and H3O+



	
15.The collision theory of reaction rates does not include




	(A)the number of collisions per second



	(B)the transition state



	(C)the energy of each collision



	(D)the orientation of each collision








	
16.A 2.35-gram sample containing chloride ions was dissolved in water, and the chloride ions were precipitated by adding silver nitrate (Ag+ + Cl− → AgCl). If 0.435 g of precipitate was obtained, what is the percentage of chlorine in the sample?




	(A)  4.60%



	(B)10.8%



	(C)18%



	(D)43.5%








	17.Given the two standard reduction equations and their potentials below, write the thermodynamically favored chemical reaction and its standard cell potential.






[image: Multiline equation: Line 1: A g superscript plus left parenthesis a q right parenthesis plus e superscript minus rightward arrow A g left parenthesis s right parenthesis space plus 0.80 V; Line 2: M g superscript 2 plus left parenthesis a q right parenthesis plus 2 e superscript minus rightward arrow M g left parenthesis s right parenthesis space minus 2.37 V ]




	(A)[image: A g superscript plus left parenthesis a q right parenthesis plus M g superscript 2 plus left parenthesis a q right parenthesis space rightwards arrow space A g left parenthesis s right parenthesis plus M g left parenthesis s right parenthesis space minus 1.57 V]



	(B)[image: A g superscript plus left parenthesis a q right parenthesis plus M g left parenthesis s right parenthesis space rightwards arrow space A g left parenthesis s right parenthesis plus Mg superscript 2 plus left parenthesis a q right parenthesis space plus 3.17 V]



	(C)[image: 2 A g superscript plus left parenthesis a q right parenthesis plus M g left parenthesis s right parenthesis space rightwards arrow space 2 A g left parenthesis s right parenthesis plus M g superscript 2 plus left parenthesis a q right parenthesis space plus 3.17 V]



	(D)[image: 2 A g superscript plus left parenthesis a q right parenthesis plus M g left parenthesis s right parenthesis space rightwards arrow space 2 A g left parenthesis s right parenthesis plus M g superscript 2 plus left parenthesis a q right parenthesis space plus 3.97 V]



	
18.Which of the following has an octet of electrons around the central atom?




	(A)BF3



	(B)[image: NH subscript 4 superscript plus ]



	(C)PF5



	(D)SF6








	
19.What is the pH of a solution made by dissolving 0.0300 mol of sodium ethanoate in enough water to make 50 mL of solution (Ka for ethanoic acid is 1.8 × 10−5)?




	(A)  4.74



	(B)  7.00



	(C)  9.26



	(D)11.02








	
20.The weight percent of sodium hydroxide dissolved in water is 50%. What is the mole fraction of sodium hydroxide?




	(A)31.0%



	(B)  0.164



	(C)  0.311



	(D)  0.500








	
21.Which of the following representations is most useful for measuring the rate of a chemical reaction?




	(A)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 18-CHOICES A-2 SHOWING POTENTIAL ENERGY AND REACTION COORDINATE.]



	(B)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 18-CHOICES A-2 SHOWING POTENTIAL ENERGY AND REACTION COORDINATE.]



	(C)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 18-CHOICES A-2 SHOWING POTENTIAL ENERGY AND REACTION COORDINATE.]



	(D)[image: FOUR GRAPHS AS ANSWER CHOICES FOR QUESETION 18-CHOICES A-2 SHOWING POTENTIAL ENERGY AND REACTION COORDINATE.]








	
22.Carbon exists in various forms called allotropes. Which of the following is not an allotrope of carbon?




	(A)Diamond



	(B)Carborundum



	(C)Buckminsterfullerene



	(D)Graphite








	
23.What is the molecular mass of a gas that has a density of 2.05 g/L at 26.0 °C and 722 torr?




	(A)      4.67 g/mol



	(B)    46.7 g/mol



	(C)    53.0 g/mol



	(D)2876 g/mol








	
24.What is the ground state electron configuration for nickel?




	(A)1s22s22p63s23p63d10



	(B)1s22s22p63s24s23d104p4



	(C)1s22s22p63s23p64s24d8



	(D)1s22s22p63s23p64s23d8








	
25.Under which conditions will a real gas most closely behave as an ideal gas?




	(A)High temperature and high pressure



	(B)High temperature and low pressure



	(C)High volume and high temperature



	(D)Low temperature and low pressure








	
26.The equilibrium constant of a certain reaction is 2.6 × 108 at 25 °C. What is the value of ∆G°?




	(A)−48.0 kJ/mol



	(B)  20.8 J mol−1



	(C)    4.68 × 10−3 kJ/mol



	(D)  −4.03 kJ mol−1








	
27.Which of the following geometries corresponds to a substance that has five sigma bonds and one nonbonding pair of electrons on the central atom?




	(A)Tetrahedron



	(B)Square planar



	(C)Octahedron



	(D)Square pyramid








	
28.Carbon dioxide, CO2, when in the form of dry ice is a(n)




	(A)network solid



	(B)ionic solid



	(C)molecular solid



	(D)amorphous solid








	
29.What is the pH of a solution prepared by dissolving 0.1665 mole of hypochlorous acid (HClO) in enough water to make 500 mL of solution? The Ka is 3.0 × 10−4.




	(A)2.00



	(B)1.76



	(C)1.00



	(D)5.4 × 10−3








	
30.Substances whose Lewis structures must be drawn with an unpaired electron are called




	(A)ionic compounds



	(B)free radicals



	(C)resonance structures



	(D)polar molecules








	
31.Potassium-40 is a minor isotope found in naturally occurring potassium. It is radioactive and can be detected on simple radiation counters. How many protons, neutrons, and electrons does potassium-40 have when it is part of K2SO4?




	(A)21 neutrons, 19 protons, 18 electrons



	(B)20 neutrons, 19 protons, 19 electrons



	(C)21 neutrons, 19 protons, 19 electrons



	(D)19 neutrons, 19 protons, 19 electrons








	
32.An ideal solution is a




	(A)mixture where two solvents cannot be dissolved in all ratios



	(B)mixture that has the same physical properties as the individual solvents



	(C)mixture where the potential energy of the mixture is the same as that of the individual solvents



	(D)mixture that is colorless








	
33.Which of the following lists the electromagnetic spectral regions in order of decreasing wavelength?




	(A)Ultraviolet, visible, infrared, X ray



	(B)X ray, visible, ultraviolet, infrared



	(C)X ray, ultraviolet, visible, infrared



	(D)Infrared, visible, ultraviolet, X ray








	
34.Sodium fluoride dissolves in water and undergoes hydrolysis. What is the equilibrium expression for the hydrolysis reaction?




	(A)[image: K equals fraction left square bracket H F left square bracket left square bracket O H superscript minus left square bracket over left square bracket F superscript minus left square bracket end fraction]



	(B)[image: K equals fraction left square bracket H F left square bracket left square bracket O H superscript minus left square bracket over left square bracket F superscript minus left square bracket left square bracket N a superscript plus left square bracket end fraction]



	(C)[image: K equals fraction left square bracket F superscript minus left square bracket left square bracket O H superscript minus left square bracket over left square bracket H F left square bracket end fraction]



	(D)[image: K equals fraction left square bracket H Fleft square bracket over left square bracket F superscript minus left square bracket left square bracket O H superscript minus left square bracket end fraction]








	
35.Of the following pairs of elements, which pair has the second element with the larger electronegativity based on its position in the periodic table?




	(A)Oxygen, chromium



	(B)Chlorine, iodine



	(C)Calcium, cesium



	(D)Boron, nitrogen








	
36.What is the oxidation number on phosphorus in the compound Na3PO4?




	(A)+7



	(B)+5



	(C)−1



	(D)−5








	
37.Which of the following molecules is a strong electrolyte when dissolved in water?




	(A)CH3COOH



	(B)HC2H3O2



	(C)PCl5



	(D)HBr








	
38.When using the ideal gas law, standard conditions for temperature and pressure are




	(A)0 K and 0 torr



	(B)25 °C and 1 atmosphere pressure



	(C)0 °C and 760 torr



	(D)0 °F and 1 atmosphere pressure








	
39.The dimerization of NO2(g) to N2O4(g) is an endothermic process. Which of the following will, according to Le Châtelier’s principle, increase the amount of N2O4 in a reaction vessel?




	(A)Decreasing the temperature



	(B)Increasing the size of the reaction vessel



	(C)Adding a selective catalyst



	(D)Making the reaction vessel smaller








	
40.Based on its position in the periodic table, which of the following is expected to have the highest electronegativity?




	(A)S



	(B)Fe



	(C)W



	(D)Ag








	
41.When a solid melts, the entropy and enthalpy changes expected are




	(A)positive enthalpy change and positive entropy change



	(B)negative entropy change and negative enthalpy change



	(C)negative entropy change and positive enthalpy change



	(D)negative enthalpy change and positive entropy change








	
42.What is the mass of one molecule of cholesterol (C27H46O, molecular mass = 386)?




	(A)1.5 × 1021 g



	(B)1.38 × 10−21 g



	(C)6.41 × 10−22 g



	(D)3 × 10−23 g








	
43.Which of the following pairs of liquids is expected to be immiscible?




	(A)H2O and CH3OH



	(B)C6H6 and C5H12



	(C)C10H22 and CH2CH2CH2OH



	(D)CH3CH2NH2 and CH3CH2CH2OH








	
44.All of the following changes affect the value of the rate constant for a reaction EXCEPT




	(A)the addition of a catalyst



	(B)decreasing the temperature



	(C)decreasing the activation energy



	(D)increasing or decreasing the concentration of the reactants








	
45.Argon can be liquefied at low temperature because of




	(A)dipole-dipole attractive forces



	(B)hydrogen bonding



	(C)instantaneous and induced dipoles



	
(D)the very low temperature















Evaluating Your Results


Score your test using the answer key. Then complete the following tables. The first table is designed to find your general strengths and weaknesses based on four broad categories. The second table is a more specific diagnostic chart that will suggest which particular chapters you should concentrate your studies on. In combination, these two tables will help you focus your efforts on the material that needs the most study.
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	10, 26, 41
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Answer Explanations




	1.(C)Each of the elements listed contains 20 neutrons. They cannot have the same atomic number since they are all different elements.



	2.(C)The sum of the coefficients is 16. The reaction is balanced in steps. First write two half-reactions:






[image: Multiline equation: Line 1: I O subscript 3 superscript minus rightwards arrow I subscript 2; Line 2: C l superscript minus rightwards arrow C l O superscript minus ]




	Balance all atoms except H and O:






[image: Multiline arrow: Line 1: 2 I O subscript 3 superscript minus rightwards arrow I subscript 2; Line 2: C l superscript minus rightwards arrow C l O superscript minus]




	Balance oxygens by adding water molecules:






[image: Multiline equation: Line 1: 2 I O subscript 3 superscript minus rightwards arrow I subscript 2 plus 6 H subscript 2 O; Line 2: H subscript 2 O plus C l superscript minus rightwards arrow C l O superscript minus]




	Balance hydrogens by adding H+:






[image: Multiline equation: Line 1; 12 H superscript plus plus 2 I O subscript 3 superscript minus rightwards arrow I subscript 2 plus 6 H subscript 2 O; Line 2: H subscript 2 O plus C l superscript minus rightwards arrow C l O superscript minus plus 2 H superscript plus]




	Balance charges with electrons:






[image: Multiline equation: Line 1: 10 e superscript minus plus 12 H superscript plus plus 2 I O subscript 3 superscript minus rightwards arrow I subscript 2 plus 6 H subscript 2 O; Line 2: H subscript 2 O plus C l superscript minus rightwards arrow C l O superscript minus plus 2 H superscript plus plus 2 e superscript minus]




	Multiply the second half-reaction by 5 so both equations have the same number of electrons (now the e− will cancel):






[image: Multiline equation: Line 1: 10 e superscript minus plus 12 H superscript plus plus 2 I O subscript 3 superscript minus rightwards arrow I subscript 2 plus 6 H subscript 2 O; Line 2: 5 H subscript 2 O plus 5 C l superscript minus rightwards arrow 5 C l O superscript minus plus 10 H superscript plus plus 10 e superscript minus]




	Add the two equations:






[image: 10 e superscript minus plus 12 H to the power of plus, plus 2 IO subscript 3 superscript minus plus 5 H subscript 2 O plus 5 Cl superscript minus rightwards arrow I subscript 2 plus 6 H subscript 2 end subscript O plus 5 ClO superscript minus plus 10 H to the power of plus, plus 10 e to the power of minus]




	Cancel like items for the final equation:






[image: 2 H to the power of plus, plus 2 IO subscript 3, superscript minus, plus 5 Cl to the power of minus, rightwards arrow I subscript 2, plus H subscript 2 O plus 5 ClO to the power of minus.]




	Remember, I2 and H2O have coefficients of 1 although they are not explicitly written.



	3.(A)The reaction is Br2(g) + Cl2(g) → 2BrCl(g).



	The equilibrium expression is [image: K equals fraction left square bracket Br Cl right square bracket supperscript 2 over left square bracket Br subscript 2 clos ebracket left square bracket Cl subscript 2 right square bracket end fraction.].



	The initial concentration of BrCl is 5.8 × 10−3 mol/L.



	If 2x moles of BrCl react, x moles each of Br2 and Cl2 will be formed. (You may want to set up an equilibrium table at this point.)



	Substituting into the equilibrium expression gives [image: K equals fraction left parenthesis 0.0058 minus 2 x right parenthesis to the power of 2 over left bracket x right bracket left bracket x right bracket end fraction equals 15.0].



	Take the square root of the entire equation:






[image: Multiline equation: Line 1, 3.87 equals fraction left parantheses 0.0058 minus 2 x right parantheses over x end fraction; line 2, 3.87 x equals 0.0058 minus 2 x; line 3, 5.87 x equals 0.0058; line 4, x equals fraction left parantheses 0.0058 over 5.87 right parantheses end fraction; line 5, x equals 9.9 multiplied by 10 superscript minus 4 equals left square bracket Br subscript 2 right square bracket equals left square bracket cl subscript 2 right square bracket; line 6, left square bracket Br Cl right square bracket equals 0.0058 minus 2 left parantheses 9.9 multiplied by 10 to the pwer of minus 4 right parantheses; line 7, 0.0038 mol over L.]




	4.(C)All of the compounds are written correctly, and all the elements have the same numbers of atoms on each side of the arrow. Na is not balanced in response (A), Ag is not balanced in response (B), and K is not balanced in response (D).



	5.(B)This is a strong acid reacting with a strong base. We need to find out how much of either the strong acid or the strong base is left after the reaction is complete. This is a type of limiting-reactant problem. The reaction is HBr + KOH → KBr + H2O.



	With solutions it is easiest to calculate the moles of each reactant as






[image: Multiline equation: Line 1, Question mark moles HBr equals 50.0 mL HBr fraction left square bracket 0.0025 mol HBr over 1000 mL HBr right square bracket end fraction; line 2, 1.25 multipled 10 superscript minus 4 mol HBr; line 3, question mark moled KOH equals 50.0 mL KOH fraction left square bracket 0.0023 mol KOH over 1000 mL KOH right square bracket end fraction; line 4, 1.15 multiplied by 10 superscript minus 4 mol KOH.]




	Since 1 mole of HBr reacts with 1 mole of KOH, we can see that 1.15 × 10−4 mol of each will react. We can also see that ALL of the KOH is used up and must be the limiting reactant. The HBr is the excess reactant, and (1.25 × 10−4 − 1.15 × 10−4) = 1.0 × 10−5 mol of HBr is left over. The molarity of HBr is the moles left over divided by the liters of solution, or






[image: Multiline equation: line 1, molarity HBr equals fraction left square bracket 0.000010 mol HBr over 0.100 L solution right square bracket end fraction; line 2, equals 0.00010 M HBr.]




	Since HBr is a strong acid, it dissociates completely, and [H+] = 0.00010 M.



	The pH = −log (0.00010) = 4.00.



	6.(C)The question put into mathematical terms is






[image: question-mark mL KOH equals 50.0 mL H subscript 3 PO subscript 4.]




	A balanced chemical equation is needed. The complete neutralization of H3PO4 is






[image: H subscript 3 PO subscript 4 plus 3 KOH rightward arrow K subscript 3 PO subscript 4 plus 3 H subscript 2 O]




	We change molarity units to mol/L or mol/1000 mL to use them as conversion factors:






[image: Multiline equation: line 1, 0.150 M H subscript 3 PO subscript 4 equals fraction left square bracket 0.150 mol H subscript 3 PO subscript 4 over 1000 mL H subscript 3 PO subscript 4 right square bracket and end fraction; line 2, 0.250 M KOH equals fraction left square bracket 0.250 mol KOH over 1000 mL KOH right square bracket end fraction; line 3, mL KOH equals 50.0 mL H subscript 3 PO subscript 4 fraction left square bracket 0.150 mol H subscript 3 PO subscript 4 over 1000 mL H subscript 3 PO subscript 4 right square bracket end fraction; line 4, open fraction left square bracket 3 mol KOH over 1 mol H subscript 3 PO subscript 4 right square bracket end fraction fraction left square bracket 1000 mL KOH over 0.250 mol KOH right square bracket end fraction; line 5, equals 90.0 mL KOH.]




	7.(B)In order for atoms or ions to be isotopes, they must have a different number of neutrons while the number of protons must remain constant. Isoelectronic means that the two atoms or ions have the same electron configuration.



	8.(D)The bromate ion (by analogy with the chlorate ion [image: BrO subscript 3 superscript minus.], and we are told the product is Br2. This is the basis of the half-reaction we need to balance.






[image: Multiline equation: line 1, Br O subscript 3 rightward arrow Now balance Br atoms; line 2, 2 Br O superscript minus subscript 3 rightward arrow Br subscript 2 Now balance O with H subscript 2 O; line 3, 2 Br O superscript minus subscript 3 rightward arrow Br subscript 2 plus 6 H subscript 2 O Now add H superscript plus to balance H's; line 4, 12 H superscript plus plus 2 Br O superscript minus subscript 3 rightward arrow Br susbscript 2 plus 6 H subscript 2 O Now add electrons; line 5, 10 e superscript minus plus 12 H superscript plus plus 2 Br O superscript minus subscript 3 rightward arrow Br subscript 2 plus 6 H subscript 2 O. ]




	This is the balanced half-reaction with ten electrons on the left.



	9.(C)The ℓ quantum number designates the shape of an orbital, n designates the distance from the nucleus, and mℓ designates the arbitrary direction in space of the orbital.



	10.(D)For an isothermal expansion the temperature does not change, and therefore the average kinetic energy stays the same. Because the gas is ideal, there is no change in potential energy. That means that ∆E = 0 = w + q. Therefore, q = −w, and the correct response is (D).



	11.(B)Both CaCl2 and MnBr2 are soluble. The products of this reaction are CaBr2 and MnCl2, which are also soluble. This results in the cancellation of all ions. For the others: (A) will produce insoluble iron(II) sulfite, (C) produces PbI2, and (D) produces water as the product of a neutralization reaction.



	12.(A)Rate laws cannot be determined from the reaction stoichiometry. Experimental data are always necessary to determine the rate law. One exception is a reaction that is an elementary step in a mechanism.



	13.(D)Hund’s rule requires electrons to fill each available orbital in an energy level before pairing. Responses (A) and (B) are parts of the Pauli exclusion principle, and (C) has no meaning at all.



	14.(A)A conjugate acid–base pair consists of two chemical formulas that differ by a proton (H+). For the reaction presented, there are two conjugate acid–base pairs. One pair is H2O and H3O+ and the other is H3PO4 and [image: H subscript 2 PO subscript 4 superscript minus.].



	15.(B)The transition state is part of the transition state theory, not the collision theory.



	16.(A)The percentage of chlorine in the sample is calculated as






[image: Percent Cl equals fraction grams chlorine over grams of sample end fraction multiplied by 100.]




	We know the grams of sample = 2.35 grams. We need to calculate the grams of chlorine from the 0.435 gram of AgCl precipitated. We start with ? g Cl = 0.435 g AgCl and add the conversion factors shown below.






[image: Table: row 1: 1em 4 pt row cell ? g Cl equals 0.435 g AgCl left bracket fraction 1 mol AgCl over 143 g AgCl end fraction left square bracket right square bracket fraction 1 mol Cl minus over 1 mol AgCl end fraction left square bracket end row left square bracket fraction 35.5 g Cl superscript minus over 1 mol Cl superscript minus end fraction left square bracket equals 0.108 g Cl superscript minus end exponent end cell end table]




	Substitute the data into the above equation to get






[image: Percent Cl equals fraction 0.108 grams chlorine over 2.35 grams of sample end fraction multiplied by 100 equals 4.60 percent Cl.]




	17.(C)Only reactions (C) and (D) are balanced. Only reaction (C) correctly subtracts −2.37 from +0.80 to get the correct +3.17 V.



	18.(B)The nitrogen on [image: NH subscript 4 superscript plus.] has an octet of electrons. Boron forms compounds with only six electrons, and the remaining compounds are in period 3 and may utilize d orbitals to expand the octet on the central atom to more than eight electrons.



	19.(C)[image: NaC subscript 2 H subscript 3 O subscript 3 rightward arrow Na to the power of plus plus C subscript 2 H subscript 3 O subscript 2 superscript minus.]



	The ethanoate ion then hydrolyzes water in the reaction






[image: C subscript 2 H subscript 3 O subscript 2 superscript minus plus H subscript 2 O rightward harpoon over leftward harpoon HC subscript 2 H subscript 3 O subscript 2 plus OH to the power of minus.]




At this point, we can see that only (C) can possibly be correct. (Some experience will teach that hydrolysis rarely makes solutions very alkaline, so the best guess is response (C).)





[image: K subscript w divided by K subscript a equals fraction left square bracket OH superscript minus left square bracket left square bracket HC subscript 2 H subscript 3 end O subscript 2 left square bracket over left square bracket C subscript 2 H subscript 3 O subscript 2 superscript minus left square bracket end fraction.]




	The molarity of the salt is 0.0300 mol/0.0500 L = 0.600 mol/L.






[image: Fraction left parenthesis 1.0 multiplied by 10 superscript minus 14 right parenthesis over left parenthesis 1.8 multiplied by 10 superscript minus 5 right parenthesis end fraction equals fraction left parenthesis x right parenthesis left parenthesis x right parenthesis over left square bracket 0.600 minus x left square bracket end fraction.]




	Assume that 0.600 ≫ x, so that 0.600 − x = 0.600






[image: Multiline equation: line 1, x to the power of 2 equals 3.33 multiplied by 10 superscript minus 10; line 2, x equals 1.82 multipled by 10 superscript minus 5 equals left square bracket OH super script minus right square bracket; line 3, pOH equals 4.74; line 4, pH equals 9.26.]




	20.(C)Taking 100 g of solution, 50 g will be NaOH and 50 g will be H2O. The moles of each is






[image: Multiline equation: line 1, question mark mol NaOH equals 50 gram NaOH open fraction left square bracket 1 mol NaOh over 40 gram NaOH right square bracket end fraction; line 2, 1,25 mol NaOH; line 3, question mark mol H subscript O equals 50 gram H subscript 2 O fraction left square bracket 1 mol H subscript O over 18 gram H subscript O right square bracket end fraction; line 4, equals 2.78 mol H subscript O; line 5, mol fraction NaOH, chi equals fraction moles NaOh over moles NaOH plus moles H subscript O end fraction; line 6 equals fraction 1.25 moles NaOH over 1.25 moles NaOH plus 2.78 moles H subscript O end fraction equals 0.311. ]




	21.(C)A reaction rate has units of moles per liter per second. Curve (C) with axes of concentration and time can give us that set of units if we determine the slope.



	22.(B)Allotropes are forms of pure elements. Carborundum is the name for the compound silicon carbide (SiC), which is very hard. It is often used in grinding and cutting tools.



	23.(C)We rearrange the ideal gas law [image: P V equals left parenthesis g over M right parenthesis R T]



	Dividing by PV and multiplying by the molar mass gives:






[image: M equals left parenthesis g over V right parenthesis left parenthesis fraction R T over P end fraction right parenthesis]




	We will use R = 0.0821 L atm mol−1.



	Therefore, we need to convert 722 torr to atm:






[image: Multiline equation: line 1, question mark atm equals 722 torr fraction left parantheses 1 atm over 760 toss right parantheses end fraction equals 0.950 atm; line 2, T equals degrees C plus 273 equals 26 plus 273 equals 299 K.]




	Entering the data and solving, we get






[image: Multiline equation: line 1, M equals left parantheses 2.05 g L superscript minus 1 right parantheses left parantheses 0.0821 L atm mol superscript minus 1 right parantheses left parantheses 299 K right parantheses over left parantheses 0.950 atm close paranthese; line 2, 53.0 g mol supers cript minus 1.]




	24.(D)The ground state for electron configuration of an atom contains the correct number of electrons as determined by the atomic number. The electrons are placed into sublevels, filling each energy level before moving onto the next one. The transition elements fill the (n + 1)s orbitals before filling the (n)d orbitals.



	25.(B)At high temperature the molecules have the largest kinetic energy and pass each other rapidly to minimize interactions. The low pressure means few molecules are in a given volume, which increases the distance between molecules and decreases interactions. Response (C) is attractive, but high volume does not guarantee low pressure and minimal interactions.



	26.(A)Conversion of the equilibrium constant into a free energy involves the equation






[image: Multiline equation: line 1, delta G degrees equals minus RT In K; line 2, equals minus open paranthese 8.314 J mol superscript minus 1 K super script minus 1 clos eparanthese open paranthese 298 K right parantheses In left parantheses 2.6 multiplied by 10 to the power of 8 right parantheses; line 3, equals minus 48 thousand J mol superscript minus 1 equals minus 48.0 kJ mol superscript minus 1]




	27.(D)The square pyramid is the shape of the molecule considering only the location of the atoms.



	28.(C)Carbon dioxide is a covalent compound. When in the form of dry ice, it is classified as a molecular solid.



	29.(A)Hypochlorous acid ionizes as follows: HClO → H+ + ClO−. The equilibrium expression is






[image: K subscript a equals fraction left square bracket H to the power of plus left square bracket left square bracket ClO superscript minus left square bracket over left square bracket HClO left square bracket end fraction]




	0.1665 mole/0.500 L = 0.333 M HClO.



	The HClO will dissociate by some amount x, and therefore the hydrogen ion concentration and ClO− will increase by x. Entering this information into the equilibrium expression gives






[image: K subscript a equals fraction x x over 0.333 minus x end fraction equals 3.0 multiplied by 10 superscript minus 4 ]




	We will make the traditional assumption that x ≪ 0.333 so that 0.333 − x ≈ 0.333.



	Recasting the equilibrium expression, we get






[image: pH equals minus log left parenthesis 1.0 multiplied by 10 superscript minus 2 right parenthesis equals minus left parenthesis minus 2.00 right parenthesis equals 2.00]




	30.(B)Free radicals are substances with an unpaired electron that makes them highly reactive.



	31.(A)Potassium must have 19 protons since its atomic number is 19. It must have 21 neutrons so the mass can add up to 40 as indicated by its name, potassium-40. Finally, in compounds potassium has a +1 charge, meaning it has one less electron than the number of protons, or 18.



	32.(C)The ideal solution has the same attractive forces, or potential energy, in the mixture as in the pure solvents. This also means that mixing is neither exothermic nor endothermic.



	33.(D)We know that energy and wavelength are inversely proportional to each other. The lowest energy radiation listed is infrared, and the highest energy is the X ray. Therefore, their wavelengths go from high to low.



	34.(A)Sodium fluoride dissolves in water to form Na+ + F−. The fluoride ion then reacts with water: F− + H2O ⇌ HF + OH−. The correct equilibrium equation is (A). Water is considered a constant that is part of K.



	35.(D)Generally, elements closer to fluorine in the periodic table have larger electronegativities.



	36.(B)Na3PO4 has two elements, oxygen and sodium, whose oxidation numbers are known. The oxidation number of each oxygen is −2. The oxidation number of each sodium is +1. In the uncharged formula unit, the oxidation number of phosphorus must allow all oxidation numbers (ox. no.) to add up to zero.






[image: Multiline equation: line 1, 0 equals left parantheses ox. No. Na right parantheses left parantheses 3 Na atoms right parantheses plus left parantheses ox. No. P right parantheses left parantheses 1 atom P right parantheses plus left parantheses ox. No. O close paranthese left parantheses 4 atoms O right parantheses; line 2, 0 equals left parantheses plus 1 right parantheses left parantheses 3 right parantheses plus left parantheses ox. no. P right parantheses left parantheses 1 right parantheses plus left parantheses minus 2 right parantheses left parantheses 4 right parantheses.; line 3, 0 equals 3 plus left parantheses ox. no. P right parantheses minus 8 equals minus 5 plus left parantheses ox. no. P right parantheses; line 4, left parantheses ox. no. P right parantheses equals plus 5.]




	37.(D)HBr is a strong acid when dissolved in water. This means that it is also a strong electrolyte.



	38.(C)Standard temperature is defined as 0 degrees Celsius when it comes to the gas laws. The standard pressure is 1 atmosphere of pressure, which is also 760 torr (mm Hg).



	39.(D)The reaction is: HEAT + 2NO2(g) ⇌ N2O4(g)



	Decreasing the size of the vessel will increase the pressure of both substances. However, since there are 2 moles of gas on the left and 1 mole of gas on the right, the reaction will be forced to the right to make more product as desired.



	Decreasing the temperature will favor reactants, as will increasing the vessel size. Adding a catalyst will speed up both the forward and reverse reactions.



	40.(A)In the periodic table sulfur is closest to fluorine and is expected to have the greatest electronegativity. Also, in general, metals tend to have lower electronegativities than nonmetals.



	41.(A)We know that heat must be added to melt solids. Therefore, the enthalpy must be positive. We can also readily visualize that the molecules in a solid are much more ordered and closer together than those in a liquid. Therefore, the entropy change must be positive also.



	42.(C)The question is ?g cholesterol = 1 molecule cholesterol.



	The important conversion factors in this problem are the number of grams per mole and the number of molecules per mole of cholesterol.






[image: Multiline equation: line 1, question mark g C subscript 27 H subscript 46 O equals 1 molecule C subscript 27 H subscript 46 O fraction left parantheses 1 mol C subscript 27 H subscript 46 O over 6.02 multiplied by 10 to the power of 23 molecules C subscript 27 H subscript 46 O right parantheses end fraction. left parantheses fraction 386 g C subscript 27 H subscript 46 O over 1 mol C subscript 27 H subscript 46 O end fraction right parantheses; line 2, equals 6,41 multiplied by 10 superscript minus 22 g C subscript 27 H subscript 46 O.]




	43.(C)Decane is nonpolar, and propanol is polar and forms hydrogen bonds. Their polarities are very different, and they are not expected to be miscible. All other pairs have similar polarities and therefore should mix readily.



	44.(D)The value of the rate constant for a reaction is not affected by the concentration of the reactants. However, the presence of a catalyst or either an increase or a decrease in the temperature or activation energy will affect the rate constant.



	
45.(C)Argon has no polarity, and induced dipoles or instantaneous dipoles are the reason why it can be liquefied.
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