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can take you to great places.



PREFACE

Goals of This Book

y goals are to provide a sound physical understanding of the principles of analytical chem-

istry and to show how these principles are applied in chemistry and related disciplines—
especially in life sciences and environmental science. | have attempted to present the subject
in a rigorous, readable, and interesting manner that will appeal to students whether or not their
primary interest is chemistry. | intend the material to be lucid enough for nonchemistry
majors, yet to contain the depth required by advanced undergraduates. This book grew out of
an introductory analytical chemistry course that | taught mainly for nonmajors at the
University of California at Davis and from a course for third-year chemistry students at
Franklin and Marshall College in Lancaster, Pennsylvania.

What’s New?

A significant change in this edition that instructors will discover is that the old Chapter 7 on
titrations from earlier editions is missing, but its content is dispersed throughout this edition.
My motive was to remove precipitation titrations from the critical learning path. Precipitation
titrations have decreased in importance and they have not appeared in the last two versions of
the American Chemical Society examination in quantitative analysis.* The introduction to
titrations comes in Chapter 1. Kjeldahl analysis is grouped with acid-base titrations in Chapter 10.
Spectrophotometric titrations appear in Chapter 17 with spectrophotometry. Efficiency in
titrimetric experimental design is now with quality assurance in Chapter 5. Precipitation titra-
tions appear with gravimetric analysis in Chapter 26. Gravimetric analysis and precipitation
titrations remain self-contained topics that can be covered at any point in the course.

A new feature of this edition is a short “Test Yourself” question at the end of each worked
example. If you understand the worked example, you should be able to answer the Test
Yourself question. Compare your answer with mine to see if we agree.

Chapter 0 begins with a biographical account of Charles David Keeling’s measure-
ment of atmospheric carbon dioxide. His results have been described as “the single most
important environmental data set taken in the 20th century.” Boxes in Chapters 3 and 19 pro-
vide detail on Keeling’s precise manometric and spectrometric techniques. Box 9-1 discusses
ocean acidification by atmospheric carbon dioxide.

Preindustrial Present
co, Co,
150 >~ / .
; 2 Preindustrial CO,
120 -
g ooop )
° L
€ Vo
; E E Aragonite solubility limit
8 eof P
Vo 1 Calcite solubility limit
30 b [cos ]
0 R \ |
0 500 1 000 1500 2000
Atmospheric CO, (ppm by volume)

*P. R. Griffiths, “Whither ‘Quant’? An Examination of the Curriculum and Testing Methods for Quantitative
Analysis Courses Taught in Universities and Colleges in the Western USA,” Anal. Bioanal. Chem. 2008, 391, 875.

Preface

Effect of increasing atmospheric CO2 on the
ability of marine organisms to make calcium
carbonate shells and skeletons (Box 9-1).
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Phoenix Mars Lander discovered perchlorate
in Martian soil with ion-selective electrodes
(Chapter 14).

New boxed applications include biochemical measurements with a nano-
electrode (Chapter 1), the quartz crystal microbalance in medical diagnosis
(Chapter 2), a case study of systematic error (Chapter 3), choosing the null
hypothesis in epidemiology (Chapter 4), a lab-on-a-chip example of iso-
electric focusing (Chapter 9), Kjeldahl nitrogen analysis in the headlines
(Chapter 10), lithium-ion batteries (Chapter 13), measuring selectivity
coefficients of ion-selective electrodes (Chapter 14), how perchlorate was
discovered on Mars (Chapter 14), an updated description of the Clark oxy-
gen electrode (Chapter 16), Rayleigh and Raman scattering (Chapter 17),
spectroscopic upconversion (Chapter 18), trace elements in the ocean
(Chapter 20), phase transfer agents (Chapter 22), gas chromatography on a
chip (Chapter 23), paleothermometry (Chapter 24), structure of the solvent-
bonded phase interface (Chapter 24), and measuring illicit drug use by
analyzing river water (Chapter 27).

Spreadsheet instructions are updated to Excel 2007, but instructions for
earlier versions of Excel are retained. A new section in Chapter 2 describes how electronic
balances work. Rectangular and triangular uncertainty distributions for systematic error are
introduced in Chapter 3. Chapter 4 includes discussion of standard deviation of the mean and
“tails” in probability distributions. The Grubbs test replaces the Dixon Q test for outliers in
Chapter 4. Reporting limits are illustrated with trans fat analysis in food in Chapter 5.

Polymer backbone

N N N N
eReReRe
Glucose 3
dehydrogenas

€,

C

Poly(ethylene
glycol) link

Glucose  Gluconolactone

]
_’\

Elementary discussion of the systematic treatment of equilib-
rium in Chapter 7 is enhanced with a discussion of ammonia
acid-base chemistry. Chapter 8 and the appendix now include
pK, for acids at an ionic strength of 0.1 M in addition to an
ionic strength of 0. Discussion of selectivity coefficients was
improved in Chapter 14 and the iridium oxide pH electrode is
introduced. “Wired” enzymes and mediators for coulometric
blood glucose monitoring are described in Chapter 16.
\Voltammetry in Chapter 16 now includes a microelectrode
array for biological measurements. There is a completely new
section on flow injection analysis and sequential injection in
Chapter 18, and these techniques appear again in later exam-
ples. Chapter 19 on spectrophotometers is heavily updated.
Laser-induced breakdown and dynamic reaction cells for
atomic spectrometry are introduced in Chapter 20. Mass spec-

—Os

1,\

Carbon
electrode

“Wired” enzymes described in Section 16-4 are
at the heart of sensitive personal blood glucose
monitors.

Chiral stationary phase separates enantiomers
of the drug naproxen by high-performance
liquid chromatography (Figure 24-10).

Xiv

trometry in Chapter 21 now includes the linear ion trap and the orbitrap, electron-transfer
dissociation for protein sequencing, and open-air sampling methods.

Numerous chromatography updates are found throughout Chapters 22-25. Stir-bar
sorption was added to sample preparation in Chapter 23. Polar embedded group stationary
phases, hydrophilic interaction chromatography, and the charged aerosol detector were
added to Chapter 24. There is a discussion of the linear solvent strength model in liquid chro-
matography and a new section that teaches how to use a spreadsheet to predict the effect of
solvent composition in isocratic elution. The supplement at www.whfreeman.com/qca
gives a spreadsheet for simulating gradient elution. Chapter 25 describes hydrophilic inter-
action chromatography for ion exchange, hydrophobic interaction chromatography for
protein purification,
analyzing heparin
contamination by
electrophoresis, wall
charge control in elec-
trophoresis, an update
on DNA sequencing
by electrophoresis,
and microdialysis/
electrophoresis  of
neurotransmitters
with a lab-on-a-chip.
Data from a round-
robin study of precision and accuracy of combustion analysis are included in Chapter 26.
The 96-well plate for solid-phase extraction sample preparation was added to
Chapter 27.

Interaction of (R)- and (S)-naproxen with (S,S) stationary phase

\
Naphthalene
group

™~
Dinitrophenyl

group

\,_,/} (S)-Naproxen
(CAS))

More stable adsorbate

L
(R)-Naproxen S.S)
Less stable adsorbate
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There is a new discussion of the operation
of an electronic balance in Chapter 2,
Tools of the Trade.

Applications

A basic tenet of this book is to introduce and illustrate topics with concrete, interesting exam-
ples. In addition to their pedagogic value, Chapter Openers, Boxes, Demonstrations, and Color
Plates are intended to help lighten the load of a very dense subject. | hope you will find these
features interesting and informative. Chapter Openers show the relevance of analytical chem-
istry to the real world and to other disciplines of science. | can’t come to your classroom to
present Chemical Demonstrations, but | can tell you about some of my favorites and show
you color photos of how they look. Color Plates are located near the center of the book. Boxes
discuss interesting topics related to what you are studying or amplify points in the text.

Problem Solving

Nobody can do your learning for you. The two most impor-
tant ways to master this course are to work problems and to
gain experience in the laboratory. Worked Examples are a
principal pedagogic tool designed to teach problem solving
and to illustrate how to apply what you have just read. Each
worked example ends with a Test Yourself question that
asks you to apply what you learned in the example.
Exercises are the minimum set of problems that apply most
major concepts of each chapter. Please struggle mightily
with an Exercise before consulting the solution at the back
of the book. Problems at the end of the chapter cover the

EXAMPLE How Many Tablets Should We Analyze?

In a gravimetric analysis, we need enough product to weigh accurately. Each tablet
provides 15 mg of iron. How many tablets should we analyze to provide 0.25 g of
Fe,05?

Test Yourself
analyze to provide

If each tablet provides 20 mg of iron, how many tablets should we
0.50 g of Fe,03? (Answer: 18)

entire content of the book. Short answers to numerical problems are at the back of the book
and complete solutions appear in the Solutions Manual that can be made available for purchase

if your instructor so chooses.

Spreadsheets are indispensable tools for sci- A |8] C D
ence and engineering. You can cover this book 1 | Mg(OH). Solubility Soreadsheets are introduced as an
without using spreadsheets, but you will never 2 in':portam problem-solving tool
regret taking the time to learn to use them. The 3 [Ksp= [OH lguess = [OHI/(2 + Ks[OH) 5 ' .
text explains how to use spreadsheets and some = 71E-12 0.0002459 7.10008-12 rf:lgal Suak (2] %]
problems ask you to apply them. If you are com- 5 [Ki= -
fortable with spreadsheets, you will use them 6 3.8E+02 Mg*] = [MgOH'] = Set cell O
even when the problem does not ask you to. A L 0.0001174 0.000010 ||l 1 yalye:
few of the powerful built-in features of Microsoft 8 Bychangingcell: [c4 [
Excel are described as they are needed. These 9 | D4=Ca3/2+A6"CA) )
features include graphing in Chapters 2 and 4, |10 |C7=A4/Ca2 | [ ok | [ cace |
statistical functions and regression in Chapter 4, L 1L |D8=A6"C7"C4
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multiple regression for experimental design in Chapter 5, solving equations with Goal Seek in
Chapters 7, 8, and 12, Solver in Chapters 12 and 18, and matrix operations in Chapter 18.

Other Features of This Book

Terms to Understand Essential vocabulary, highlighted in bold in the text, is col-
lected at the end of the chapter. Other unfamiliar or new terms are italic in the text, but not
listed at the end of the chapter.

Glossary All bold vocabulary terms and many of the italic terms are defined in the glossary.

Appendixes Tables of solubility products, acid dissociation constants, redox potentials,
and formation constants appear at the back of the book. You will also find discussions of log-
arithms and exponents, equations of a straight line, propagation of error, balancing redox
equations, normality, and analytical standards.

Notes and References Citations in the chapters appear at the end of the book.

Supplements

The Solutions Manual for Quantitative Chemical Analysis (ISBN 1-4292-3123-8) contains
complete solutions to all problems.

The student Web site, www.whfreeman.com/qca8e, has directions for experiments,
which may be reproduced for your use. “Green chemistry” is introduced in Chapter 2 of the
textbook and “green profiles” of student experiments are included in the instructions for
experiments at the Web site. There are instructions for two new experiments on fitting an acid-
base titration curve with a spreadsheet and liquid carbon dioxide extraction of lemon peel oil.
At the Web site, you will also find lists of experiments from the Journal of Chemical
Education. Supplementary topics at the Web site include spreadsheets for precipitation titra-
tions, microequilibrium constants, spreadsheets for redox titrations curves, analysis of vari-
ance, and spreadsheet simulation of gradient liquid chromatography. Online quizzing helps
students reinforce their understanding of the chapter content.

The instructors Web site, www.whfreeman.com/qca8e, has all artwork and tables
from the book in preformatted PowerPoint slides and as JPG files, an online quizzing grade-
book, and more.

For instructors interested in online homework management, W. H. Freeman and
WebAssign have partnered to deliver WebAssign Premium. WebAssign Premium combines
over 600 questions with a fully interactive DynamicBook at an affordable price. To learn more
or sign up for a faculty demo account, visit www.webassign.net.

DynamicBook for Quantitative Chemical Analysis, Eighth Edition, is an electronic
version of the text that gives you the flexibility to fully tailor content to your presentation of
course material. It can be used in conjunction with the printed text, or it can be adopted on its
own. Please go to www.dynamicbooks.com for more information, or speak with your W. H.
Freeman sales representative.

The People

A book of this size and complexity is the work of many people. Jodi Simpson—the most
thoughtful and meticulous copy editor—read every word with a critical eye and improved the
exposition in innumerable ways. At W. H. Freeman and Company, Jessica Fiorillo provided
overall guidance and was especially helpful in ferreting out opinions from instructors. Mary
Louise Byrd shepherded the manuscript through production with her magic wand. Kristina
Treadway managed the process of moving the book into production, and Anthony Petrites
coordinated the reviewing of every chapter. Ted Sczcepanski located several hard-to-find pho-
tographs for the book. Dave Quinn made sure that the supplements were out on time and that
the Web site was up and running with all its supporting resources active. Katalin Newman, at
Aptara, did an outstanding job of proofreading.

At the Scripps Institution of Oceanography, Ralph Keeling, Peter Guenther, David Moss,
Lynne Merchant, and Alane Bollenbacher shared their knowledge of atmospheric CO, mea-
surements and graciously provided access to Keeling family photographs. | am especially
delighted to have had feedback from Louise Keeling on my story of her husband, Charles
David Keeling. This material opens the book in Chapter 0. Sam Kounaves of Tufts University
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devoted a day to telling me about the Phoenix Mars Lander Wet Chemistry Laboratory, which
is featured in Chapter 14. Jarda Ruzika of the University of Washington brought the importance
of flow injection and sequential injection to my attention, provided an excellent tutorial, and
reviewed my description of these topics in Chapters 18 and 19. David Sparkman of the
University of the Pacific had detailed comments and suggestions for Chapter 21 on mass spec-
trometry. Joerg Barankewitz of Sartorius AG provided information and graphics on balances
that you will find in Chapter 2.

Solutions to problems and exercises were checked by two wonderfully careful students,
Cassandra Churchill and Linda Lait of the University of Lethbridge in Canada. Eric Erickson
and Greg Ostrom provided helpful information and discussions at Michelson Lab.

My wife, Sally, works on every aspect of every edition of this book and the Solutions
Manual. She contributes mightily to whatever clarity and accuracy we have achieved.

In Closing

This book is dedicated to the students who use it, who occasionally smile when they read it,
who gain new insight, and who feel satisfaction after struggling to solve a problem. | have
been successful if this book helps you develop critical, independent reasoning that you can
apply to new problems. | truly relish your comments, criticisms, suggestions, and corrections.
Please address correspondence to me at the Chemistry Division (Mail Stop 6303), Research
Department, Michelson Laboratory, China Lake CA 93555.
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