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WileyPLUS is a suite of resources—including
the complete, online text—that will help your
students: '

* come to class better prepared for your lectures

* get immediate feedback and context-sensitive help

on assignments and quizzes

* track their progress throughout the course
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% your class each day. With WileyPLUS you can:

Track Student Progress
Keep track of your students' progress
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overall class results. This gives you an
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TO THE STUDENT

WileyPLUS is a powerful online system
packed with features to help you
make the most of your learning
potential, and get the best grade you
can!

With WileyPLUS
you get:

A complete online version
of your text and other
study resources

Problem-solving help,
instant grading, and
feedback on your

homework and quizzes

You can keep all of your assigned
work in one location, making it easy
for you to stay on task. Plus, many
homework problems contain direct
links to the relevant portion of your
text to help you deal with problem-
solving obstacles at the moment they

come up.

740/ of students surveyed said it
O helped them get a better grade.”

You have the potential to make a difference!
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File Edit View Favorkes Tools Help

O - © L}L:‘} G P

_I&ws,'v@&

WileyPLUS: Home | Help | Contactus | Logout

Cpravones €8 0 dg |

t::} GO Linkz »
() settings~ W -

7 Bookmarksw " Check v 4 Autolink v % ior (gp Sendtow

tom's beran course

{Experiment 3. Water Analysis: Solids E
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« Reading content
Chapter Opener
ln(vaduct ion

EXPERIMENTAL PROCEDURE

Fittrate: the solution that passes through the filter into a
receiving flask.

Pr elsbovato ry Assignien
Report Sheet

Laboratory Questions

Procedure Overview: The total, dissolved, and suspended solids in a water sample are determined in this expeniment. The
water sample is filtered to remove the suspended solids and the filtrate is evaporated to dryness to determine the dissolved solids. The
water sample may be from the ocean, a lake, a stream, or from an underground aquifer

Turbid sample: a cloudy suspension due to stirred

sediment

Obtain 100 mL of a water sample from your instructor. Preferably the water sample is high in turbidity. Record the sample number and
write a short description of the sample on the Report Sheet. With approval, bring your own “environmental” water sample to the
laboratory for analysis. Ask your instructor whether evaporating dishes or 250 mL beakers are to be used for the analysis

| Itime allows, the experiment should be repeated twice. A basis for water quality is zot determined from a single analysis—a minirum
1| of three trials is necessarv for reputable analvtical data Ask vour mstructor for additionial nformation
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If your instructor uses WileyPLUS, you
will receive a URL for your class. If not,
your instructor can get more information
about WileyPLUS by visiting
www.wileyplus.com

The ability to track
your progress and
grades throughout

the term.

A personal gradebook allows
you to monitor your results
from past assignments at any
time. You'll always know
exactly where you stand.

“It has been a great help, and | believe it has helped
me to achieve a better grade.”
Michael Morris, Columbia Basin College
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Preface

)

. s

Chenmistry laboratories have changed with advances in
technology and safety issues.

Welcome to the 8th edition! The immediate questions that come to mind are, “Why the 8th?”” and "What’s wrong with the
7th?” To respond to the latter question first: the 7th edition was the most well-received laboratory manual that Wiley has
ever produced for general chemistry. The experiments were interesting, challenging, and had good pedagogy regarding
laboratory techniques, safety, and experimental procedures. The reporting and analyzing of data and the questions (pre-
and post-lab) sought to provide the intuitiveness of the experiment. The answer to “What’s wrong with the 7th”—nothing
really, except that chemistry like all sciences is constantly incorporating new instrumentation, new technology, and adapt-
ing to new developments and scientific trends.

In response to, “Why the 8th?”: all of the “good” from the 7th has been retained, but because of these progressive
trends in general chemistry, new experiments have added depth, relevance, and appreciation of the laboratory experience.
Trends toward safer, more modern laboratory equipment, computer usage, and online information have been included. The
open-endedness of each experiment is encouraged in “The Next Step” where, upon completion of the experiment, the stu-
dent has the tools and experience to employ for studying additional chemical systems or topics of his/her interest. It is
hoped that laboratory instructors and students will add their own “Next Step” for pursuing personal areas of interest/inves-
tigation. Reviewers have applauded the changes and challenges of the 8th edition.

While all comments of users and reviewers from the previous seven editions have been heavily weighed with each
new edition, the task of presenting the “perfect” manual, like chemistry and science in general, is impossible. However, at
this point in time, we feel it is the “best.”

BREADTH (AND LEVEL) OF THE 8TH EDITION

This manual covers two semesters (or three quarters) of a general chemistry laboratory program. A student may expect to
spend three hours per experiment in the laboratory; limited, advanced preparation and/or extensive analysis of the data may
lengthen this time. The experiments were chosen and written so that they may accompany any general chemistry text.

FEATURES OF THE 8TH EDITION

Safety and Disposal. “Safety first” is again emphasized throughout the manual with recent advisories and guidelines being
added. The introductory section outlines personal and laboratory safety rules and issues. Icons in the Experimental Proce-
dures cite “Cautions” for handling various chemicals, the proper “Disposal” of chemicals, and the proper “Cleanup’ of
laboratory equipment. Pre-laboratory questions often ask students to review the safety issues for the experiment.

In addition, attention was focused on eliminating chemicals that have prompted disposal concerns. Experiments have
been modified or combined to eliminate such chemicals as barium, bismuth, and thioacetamide, and to reduce the amount
of silver ion from 7th edition experiments.
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Laboratory Techniques. Numbered icons cited at the beginning of each experiment and within the Experimental Proce-
dure are referenced to basic laboratory techniques that enable the student to complete the experiment more safely and effi-
ciently. The Laboratory Techniques section provides a full explanation of seventeen basic general chemistry laboratory
techniques (along with the corresponding icons) that are used repeatedly in the manual.

Organization. Experiments have been regrouped according to subject matter where, e.g., all redox experiments are
grouped (Section 5) such that the sequential numbering for the experiments in the group indicates a greater degree of com-
plexity. For example, Experiment 27, Oxidation-Reduction Reactions is the simplest of the reactions involving oxidation-
reduction, not the 27th most difficult experiment in the manual, and Experiment 33, Electrolytic Cells: Avogadro’s
Number, is perhaps the most difficult of the oxidation-reduction experiments.

Dry Lab 2, Nomenclature, as well as a combined experiment (7th edition, Experiments 12 and 13) on Acids, Bases,
and Salts (Experiment 6) have been moved forward in the 8th edition. Such organization appears to be the trend in general
chemistry programs.

Report Sheets. They have been simplified! Data entries are now distinguished from calculation entries—the calculated
entries are now shaded. Additionally, at the discretion of the instructor, the website, http://www.wiley.com/college/beran,
provides downloadable Excel Report Sheet Templates for each experiment in which a numerical analysis is required.

Online References. A significant number of websites have been cited in various experiments and dry labs. An extensive
list of online references is also provided in the Laboratory Data section of the manual.

NEW TO THE 8TH EDITION
New and Revised Experiments. Experiments of student interest and safety continue to be of importance in the 8th edition.
Other than minor changes that appear in most experiments, the major changes and additions are:

« Experiment 3. Water Analysis: Solids. An expansion of the same experiment from the 7th edition, this experiment
now introduces more details of the “chemistry” of the system investigated. While the experiment itself is no more dif-
ficult than before, an understanding of the salts and ions present is a beginning for understanding chemical systems.

« Experiment 6. Acids, Bases, and Salts. The combination of 7th edition, Experiments 12 and 13, has reduced some
of the “drudgery (according to students)” of repetition in those two experiments. Being placed earlier in the manual
encourages an earlier introduction to the properties of aqueous solutions.

« Experiment 8. Limiting Reactant. The handling and disposal of barium ion (7th, Experiment 8) had become an
increasing problem. The barium phosphate limiting reactant system has been replaced by the calcium oxalate system.

+ Experiment 20. New! Alkalinity. Both “T” and “P” alkalinity values are determined along with the interpretation
and understanding of the significance of this water quality parameter.

» Experiment 30, Vitamin C Analysis. Simplified! A direct analysis of the vitamin C with potassium iodate is the
revised procedure.

» Experiment 31. New! Dissolved Oxygen in Natural Waters. Water samples are obtained and the oxygen is “fixed”
on site. The principles for the technique are explained with the subsequent analysis performed in the laboratory. Its
significance is of interest to anyone in the biological or biochemical fields.

+ Experiment 35. New! Spectrophotometric Metal Ion Analysis. Spectrophotometric analysis is so common in labo-
ratories inside and outside of the general chemistry laboratory that additional exposure to its technique is important
and useful to students in science. While a metal ion analysis is the focus of the experiment, the technique can be
used and adapted for any student’s interest.

« Experiment 38, Qual I: Na*, K*, NH,", Mg**, Ca’", Cu*", and Experiment 39, Qual II: Ni*", Fe'*, AI’*, Zn*".
The three cation qualitative analysis experiments from the 7th edition have been combined into two experiments,
eliminating the use of thioacetamide, silver ion, bismuth ion, and manganese ion from the traditional qualitative
analysis scheme.

The Next Step. “The Next Step” appears at the conclusion of the Experimental Procedure in each experiment. Based upon
the tools and techniques gained upon completion of the experiment, The Next Step takes students from its completion to
ideas for an independent, self-designed (and often open-ended) experience or experiment. Occasionally, tools and tech-
niques learned from other experiments may be necessary for use and adaptation in the “project” that the student proposes.
The initial title of this feature, “Where do we go from here?” was developed to answer the student’s question of, “what
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more can [ now do with what I just learned in the laboratory?”” The thinking about chemistry just begins with “The Next
Step” when the student leaves the laboratory, rather than ending with, “well, that experiment is over!”

Laboratory Equipment. Simple laboratory glassware and equipment, shown in the first sections of the manual, are nec-
essary for completing most experiments. Where appropriate, the apparatus or technique is shown in the experiment with a

line drawing or photograph. Analytical balances, spectrophotometers (Experiments 34 and 35), pH meters (Experiment
18), and multimeters (Experiments 32 and 33) are suggested; however, if this instrumentation is unavailable, these experi-
ments can be modified without penalizing students. In general, hot plates have largely replaced Bunsen burners in the man-
ual; however if not available, the Bunsen flame can still be safely used for heating.

CONTENTS OF THE MANUAL

The manual has five major sections:

Laboratory Safety and Guidelines. Information on self-protection, what to do in case of an accident, general labora-
tory rules, and work ethics in the laboratory are presented.

Laboratory Data. Guidelines for recording and reporting data are described. Sources of supplementary data (hand-
books and World Wide Web sites) are listed. Suggestions for setting up a laboratory notebook are presented.
Laboratory Techniques. Seventeen basic laboratory techniques present the proper procedures for handling chemi-
cals and apparatus. Techniques unique to qualitative analysis (Experiments 37-39) are presented in Dry Lab 4.
Experiments and Dry Labs. Thirty-nine experiments and four “dry labs” are subdivided into 12 basic chemical
principles.

Appendices. Seven appendices include conversion factors, the treatment of data, the graphing of data, names of com-
mon chemicals, vapor pressure of water, concentrations of acids and bases, and water solubility of inorganic salts.

CONTENTS OF EACH EXPERIMENT

Each experiment has six sections:

Objectives. One or more statements establish the purposes and goals of the experiment. The “flavor” of the experi-
ment is introduced with an opening photograph.

Techniques. Icons identify various laboratory techniques that are used in the Experimental Procedure. The icons
refer students to the Laboratory Techniques section where the techniques are described and illustrated.
Introduction. The chemical principles, including the appropriate equations and calculations that are applicable to
the experiment, and general interest information are presented in the opening paragraphs. New and revised illustra-
tions have been added to this section to further enhance the understanding of the chemical principles that are used
in the experiment.

Experimental Procedure. The Procedure Overview, a short introductory paragraph, provides a perspective of the
Experimental Procedure. Detailed, stepwise directions are presented in the Experimental Procedure. Occasionally,
calculations for amounts of chemicals to be used in the experiment must precede any experimentation.
Prelaboratory Assignment. Questions and problems about the experiment prepare students for the laboratory expe-
rience. The questions and problems can be answered easily after studying the Introduction and Experimental Proce-
dure. Approximately 75% of the Prelaboratory questions and problems are new to the 8th edition.

Report Sheet. The Report Sheet organizes the observations and the collection and analysis of data. Data entries on
the Report Sheet are distinguished from calculated (shaded) entries. Laboratory Questions, for which students must
have a thorough understanding of the experiment, appear at the end of the Report Sheet. Approximately 75% of the
Laboratory Questions are new to the 8th edition.

INSTRUCTOR’S RESOURCE MANUAL

The Instructor’s Resource Manual (available to instructors from Wiley) continues to be most explicit in presenting the
details of each experiment. Sections for each experiment include

an Overview of the experiment
an instructor’s Lecture Outline
Teaching Hints
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+ representative or expected data and results

¢ Chemicals Required

* Special Equipment

+ Suggested Unknowns

« answers to the Prelaboratory Assignment and Laboratory Questions
¢ a Laboratory Quiz.

Offered as a supplement to the Instructor’s Resource Manual is a Report Sheet Template for those experiments requiring
the numerical analysis of data. The format of the templates is based on Microsoft Excel software and is available from
Wiley upon adoption.

The Appendices of the Instructor’s Resource Manual detail the preparation of all of the solutions, including indicators,
a list of the pure substances, and a list of the special equipment used in the manual and the corresponding experiment num-
ber for each listing. Users of the laboratory manual have made mention of the value of the Instructor’s Resource Manual to
the laboratory package.
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Page 17 (bottom far right): Courtesy Fisher Scientific; Page 18 (top left): Ken Karp; Page 18 (top right): Ken Karp: Page 18 (bottom left): Ken Karp; Page 19 (left):
Courtesy Professor Jo A. Beran; Page 19 (right): Courtesy Professor Jo A. Beran; Page 20 (top): Courtesy Professor Jo A. Beran: Page 20 (bottom left): Courtesy Profes-
sor Jo A. Beran; Page 20 (bottom right): Courtesy Professor Jo A. Beran; Page 21 (left): Ken Karp: Page 21 (right): Ken Karp; Page 22 (top right): Courtesy Professor
Jo A. Beran; Page 22 (bottom left): Courtesy Professor Jo A. Beran; Page 22 (bottom right): Courtesy Professor Jo A. Beran; Page 23: Courtesy VWR Scientific; Page 24
(left): Courtesy VWR Scientific; Page 24 (right): Courtesy Professor Jo A. Beran; Page 25 (left): Courtesy Professor Jo A. Beran; Page 25 (center): Courtesy Professor Jo
A. Beran; Page 26 (left): Ken Karp; Page 26 (center): Courtesy Professor Jo A. Beran; Page 26 (right): Courtesy Professor Jo A. Beran; Page 25 (right): Courtesy Fisher
Scientific; Page 27 (left): Courtesy Professor Jo A. Beran; Page 27 (right): Courtesy Professor Jo A. Beran; Page 28 (left): Courtesy Fisher Scientific; Page 28 (center):
Courtesy Fisher Scientific; Page 28 (right): Courtesy Fisher Scientific; Page 29 (top left): Ken Karp: Page 29 (top center): Ken Karp: Page 29 (top right): Ken Karp:
Page 29 (bottom left): Courtesy Professor Jo A. Beran; Page 29 (bottom right): Courtesy Professor Jo A. Beran; Page 30: Courtesy Fisher Scientific; Page 31 (left): Cour-
tesy VWR Scientific; Page 31 (center): Courtesy Professor Jo A. Beran; Page 31 (right): Courtesy Professor Jo A. Beran; Page 32 (top left): Ken Karp; Page 32 (top cen-
ter): Courtesy Fisher Scientific; Page 32 (top right): Courtesy Professor Jo A. Beran; Page 32 (bottom left): Courtesy Professor Jo A. Beran; Page 32 (bottom center):
Courtesy Professor Jo A. Beran; Page 32 (bottom right): Courtesy Professor Jo A. Beran: Page 33 (top right): Ken Karp; Page 33 (bottom): Courtesy Micro Essential
Labs; Page 37: Courtesy Fisher Scientific; Page 38: Courtesy Fisher Scientific; Page 39: Courtesy Professor Jo A. Beran; Page 40: Terry Gleason/Visuals Unlimited;
Page 42: Herb Snitzer/Stock Boston; Page 43 (top): NASA/GSFC; Page 43 (center): Courtesy VWR Scientific; Page 43 (bottom): Martin Bough/Fundamental Pho-
tographs; Page 44 (top): Angic Norwood Browne/Stone/Getty Images; Page 44 (center): Yoav Levy/Phototake; Page 44 (bottom): Courtesy Professor Jo A. Beran;
Page 45: Richard Megna/Fundamental Photographs; Page 46 (left): Courtesy Fisher Scientific; Page 46 (right): Courtesy VWR Scientific; Page 47: Courtesy Professor Jo
A. Beran; Page 48 (left): Courtesy Professor Jo A. Beran; Page 48 (right): Courtesy Professor Jo A. Beran; Page 49: Dean Abramson/Stock Boston; Page 50: Richard
Megna/Fundamental Photographs; Page 53: Michael Watson; Page 54: OPC, Inc.; Page 56: Ken Karp; Page 61: Digital Vision/Getty Images; Page 63: Courtesy Profes-
sor Jo A. Beran; Page 69: Richard Megna/Fundamental Photographs; Page 71: Courtesy Norton Seal View; Page 72: Courtesy Fisher Scientific; Page 79 (top): Michael
Watson; Page 79 (bottom): Courtesy Professor Jo A. Beran; Page 80: Courtesy Fisher Scientific; Page 81: Courtesy National Gypsum Company; Page 85 (top): Keith
Stone; Page 85 (top right): Scott Camazine/Photo Researchers, Inc.; Page 88: Richard Megna/Fundamental Photographs; Page 89: Andy Washnik; Page 91: Peter Ler-
man; Page 92: Peter Lerman; Page 96: Kathy Bendo; Page 97: Peter Lerman; Page 98: Andy Washnik; Page 99 (top right): Kathy Bendo and Jim Brady; Page 99 (bot-
tom left): Kathy Bendo and Jim Brady: Page 99 (bottom right): Peter Lerman; Page 100: Courtesy VWR Scientific; Page 109: Ken Karp; Page 111: Courtesy Professor
Jo A. Beran; Page 113: Richard Megna/Fundamental Photographs; Page 117: Herring Laboratory; Page 120: Courtesy Professor Jo A. Beran; Page 121: Ken Karp;
Page 124: L.S. Stepanowicz/Visuals Unlimited; Page 127: Michael Watson: Page 130 (left): Courtesy VWR Scientific; Page 130 (right): Courtesy VWR Scientific;
Page 131: Courtesy Fisher Scientific; Page 137: Richard Megna/Fundamental Photographs; Page 138: Courtesy Fisher Scientific: Page 140: Courtesy Borden Corporation;
Page 143 (top): Richard Megna/Fundamental Photographs; Page 143 (bottom): Courtesy New York Public Library; Page 144 (top): Roger Rossmeyer/Corbis; Page 144
(bottom): Michael Watson; Page 148: Courtesy Professor Jo A. Beran; Page 155: Richard Megna/Fundamental Photographs; Page 157: Courtesy Bausch and Lomb;
Page 158: Courtesy Library of Congress; Page 167: Courtesy VWR Scientific: Page 169 (left): Ken Karp: Page 169 (right): Courtesy Professor Jo A. Beran; Page 175
(top): Andy Washnik; Page 175 (bottom): Bruce Roberts/Photo Researchers, Inc.; Page 178: Hugh Lieck: Page 183 (top): Courtesy Fisher Scientific; Page 183 (bottom):
Hugh Lieck; Page 186 (top): Courtesy Fisher Scientific; Page 186 (bottom): Hugh Lieck: Page 187: Courtesy Professor Jo A. Beran; Page 190: Michael Dalton/Funda-
mental Photographs; Page 193 (top): Michael Watson; Page 193 (bottom): Courtesy Professor Jo A. Beran; Page 195: Courtesy Professor Jo A. Beran; Page 196 (left):
Courtesy Fisher Scientific; Page 196 (right): Ken Karp; Page 201: Peter Lerman; Page 202: Michael Watson; Page 203: Ken Karp; Page 204: Courtesy Center for Dis-
ease Control; Page 205: Ken Karp; Page 213 (top): Ken Karp; Page 213 (bottom): Kathy Bendo: Page 215 (left): Courtesy Professor Jo A. Beran; Page 215 (right):
Courtesy Professor Jo A. Beran; Page 221: Courtesy Fisher Scientific; Page 222: Courtesy Fisher Scientific; Page 224: Richard Megna/Fundamental Photographs;
Page 225: Courtesy Fisher Scientific; Page 231: Ken Karp; Page 233: Courtesy Professor Jo A. Beran; Page 234: Courtesy Professor Jo A. Beran; Page 239:
PhotoDisc/Getty Images; Page 242 (left): Courtesy Professor Jo A. Beran; Page 242 (right): Courtesy Fisher Scientific; Page 248: Coco McCoy/Rainbow; Page 249:
Courtesy The Permutit Co., a division of Sybron Corporation; Page 250: Bortner/National Audobon Society/Photo Researchers, Inc.; Page 257: Michael Watson; Page 258
(left): Michael Watson; Page 258 (right): Hugh Lieck: Page 261: Richard Megna/Fundamental Photographs; Page 265 (top): OPC, Inc.; Page 265 (bottom): Courtesy
Fisher Scientific; Page 267 (top left): Courtesy OPC, Inc.; Page 267 (top center): Courtesy OPC, Inc.: Page 267 (top right): Courtesy OPC, Inc.; Page 267 (bottom):
Courtesy VWR Scientific; Page 271: John Dudak/Phototake; Page 275: Ken Karp; Page 287: Andy Washnik; Page 290 (left): Courtesy Professor Jo A. Beran; Page 290
(right): Courtesy Fisher Scientific; Page 299: Andy Washnik; Page 302: Courtesy Fisher Scientific; Page 303: Courtesy Fisher Scientific; Page 309: Yoav Levy/Photo-
take; Page 311: Fundamental Photographs; Page 312: Andy Washnik; Page 314: Alaska Stock Images; Page 317 (top): Michael Watson: Page 317 (bottom): OPC, Inc.;
Page 325: OPC, Inc.; Page 327 (top left): Andy Washnik: Page 327 (top right): Andy Washnik: Page 327 (bottom): Courtesy Professor Jo A. Beran; Page 328 (left):
Courtesy VWR Scientific; Page 328 (right): Courtesy VWR Scientific; Page 329 (top left): Courtesy Professor Jo A. Beran; Page 329 (bottom left): Hugh Licck;
Page 329 (right): Courtesy VWR Scientific; Page 332: Ken Karp; Page 335 (top): Ken Karp; Page 335 (bottom): Michael Siluk/The Image Works; Page 336: Courtesy
Professor Jo A. Beran; Page 337: Courtesy VWR Scientific; Page 343 (top): Courtesy Professor Jo A. Beran; Page 343 (bottom): Courtesy Fisher Scientific; Page 351:
Michael Watson: Page 355 (left): Courtesy Fisher Scientific; Page 355 (right): Michael Watson: Page 363: Charles D. Winters/Photo Researchers; Page 364: Michael
Watson; Page 365: Ken Karp; Page 371: Ken Karp; Page 372: Courtesy VWR Scientific; Page 375: Courtesy Fisher Scientific; Page 383: Andrew Lambert Photogra-
phy/Photo Researchers, Inc.; Page 391: OPC, Inc.; Page 392 (top): National Audobon Society; Page 392 (bottom): Courtesy Fisher Scientific; Page 396: Ken Karp;
Page 397: Courtesy Professor Jo A. Beran; Page 403: Courtesy VWR Scientific; Page 407: Peter Lerman; Page 409: Peter Lerman; Page 417: Yoav Levy/Phototake;
Page 419: Andy Washnik; Page 421 (left): Ken Karp; Page 421 (right): Courtesy Professor Jo A. Beran; Page 427 (top left): Martyn F. Chillmaid/Photo Researchers, Inc.;
Page 427 (top right): Andrew Lambert Photography/Photo Researchers, Inc.; Page 427 (bottom): OPC, Inc.; Page 435: Courtesy Professor Jo A. Beran; Page 443: Kathy
Bendo; Page 446: Courtesy Fisher Scientific; Page 447: Michael Watson
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