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PREFACE

Chemistry is an experimental science, and primarily lives in the laboratory. No book on

spreadsheets will change that. However, many aspects of chemical analysis have significant

quantitative, mathematical components, and many of these can be illustrated effectively

using spreadsheets. At the same time, the spreadsheet is a very accessible tool for data anal-

ysis, an activity common to all of the physical sciences. This book emphasizes the use of

spreadsheets in data analysis, while at the same time illustrating some of the underlying

principles. The basic strength of spreadsheets was summarized by the name of the very first

spreadsheet, VisiCalc, in that it facilitates the visualization of calculations, and thereby can

help to make theory and data analysis come to life.

Spreadsheets are well-recognized for their near-immediate response to changes in their

input parameters, for their ease in making graphs, for their open format and intuitive lay-

out, and for their forgiving error-handling. For these reasons they are usually considered to

be the most easily learned computer tools for numerical data analysis. Moreover, they are

widely available, as they are often bundled with standard word processors.

Spreadsheets used to be far inferior to the so-called higher-level computer languages in

terms of the mathematical manipulations they would support. In particular, numerical

methods requiring iterations used to be awkward on a spreadsheet. Fortunately, this has

changed with the introduction, in version 5 of Excel, of a macro language (Visual BASIC for

Applications, or VBA) that allows the inclusion of standard computer code. Now the imme-

diacy of the spreadsheet and the convenience of its graphical representations can be com-

bined with the wide availability in the literature of sophisticated higher-level programs to

make the spreadsheet a powerful scientific as well as didactic tool.

Of course, spreadsheets cannot do everything. While they make quite competent graphs,

they lack some of the stunning three-dimensional representations of more specialized,

graphics-oriented packages. Moreover, spreadsheets cannot handle symbolic mathematics,

and they are unsuitable for highly specialized, computation-intensive tasks such as molecu-

lar modeling. However, they are unmatched for ease of learning, and for general availability

and price.

Spreadsheets can be used as glorified calculators. There is nothing wrong with that, but

there is no need to write about such rather obvious applications here, since there are already

xi
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a sufficient number of books devoted to this topic. Instead I have tried to illustrate some of

the more subtle aspects of data analysis, some of the more specialized features of chemical

equilibrium, some of the more abstract underpinnings of modern chemical instrumenta-

tion, and some of the finer points of numerical simulation. The choice and sequence of

topics closely follows the order in which these are typically encountered in textbooks in ana-

lytical chemistry, so that this book can readily be used in courses in quantitative or instru-

mental chemical analysis. Since the choice of topics is rather wide, the reader is welcome to

pick and choose from among these according to his or her own preference and need.

Most chapters start with a brief summary of the theory in order to put the spreadsheet

exercises in perspective, and to define the nomenclature used. The standard versions of

Excel 95 through Excel 2000 for Windows 95 or Windows 98 are used. Many exercises use the

Solver and the Analysis ToolPak, both of which are available in the standard Excel packages

but may have to be loaded separately, as add-ins, in case this was not done initially. When

use of chapter 10 is contemplated, the VBA help file should also be loaded.

While the specific spreadsheet instructions in this book are for Excel 97 on IBM-compati-

ble computers, they can all be implemented readily (i.e., with no or very minor modifica-

tions) in Excel 5 (for Windows 3.1), Excel 95 (for Windows 95), Excel 98 (for the Mac), or Excel

2000 (for Windows 98 or Windows 2000). Moreover, I have indicated where Excel 5 and Excel

95 require different procedures from those in Excel 97, 98, or 2000, namely in their handling

of graphs and macros. There are some minor differences between the Excel versions for

IBM-compatible and MacIntosh computers. The most important of these are listed in

chapter 1; none of them are serious.

Many exercises also work in the earlier versions (1 through 4) of Excel. However, these

earlier versions cannot handle VBA macros, so that those spreadsheet exercises that use

macros for weighted least squares, fast Fourier transformation, and convolution, cannot be

run with versions preceding Excel 5. (Specifically, these are exercises 3.4 and beyond in

chapter 3, and all exercises in chapter 7.) Moreover, the macros described in chapter 10

cannot be used in these earlier versions.

Many of the exercises in this book can also be run on spreadsheets other than Excel. In

that case, however, apart from the impossibility to import higher-level computer programs

into the spreadsheet, the user may also lack the convenience of a powerful multi-parameter

non-linear least squares routine such as Solver. Given the choice of writing a book to fit all

spreadsheets, or one that exploits the extra power of modern Excel, I have opted for the

latter.

The purpose of this book is not to provide its readers with a set of prepackaged routines,

into which they merely enter some constants. Instead, the emphasis is on letting the readers

gain enough familiarity and experience to enable them to use spreadsheets independently,

and in other scientific contexts, while at the same time illustrating a number of interesting

features of analytical chemistry. In most cases, no theory is derived, and the reader should

consult standard texts on statistics and on quantitative and instrumental chemical analysis

for the necessary background information, as well as for a perspective on the strengths and

weaknesses of the various methods.

The reader may discover some unavoidable parallelism between the material in this book

and that in my undergraduate textbook, Principles of Quantitative Chemical Analysis,

xii Preface
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McGraw-Hill, 1997, and even some remnants of my Spreadsheet Workbook for Quantitative

Chemical Analysis, McGraw-Hill, 1992. This is partially because I have retained some of the

didactic innovations introduced in these earlier texts, such as an emphasis on the progress

of a titration rather than on the traditional titration curve, the use of buffer strength rather

than buffer value, and the use of the abbreviations h and k in the description of electrochem-

ical equilibria. However, the present text exploits the power of Excel to go far beyond what

was possible in those earlier books.

For a few problems that would require the reader to write some rather complex macros,

these have been provided. They are fully documented and explained in chapter 10, and can

be downloaded from http://uk.cambridge.org/chemistry/resources/delevie Note that

their code is readily accessible, and that the reader is not only encouraged to modify them,

but is given the tools to do so. Again, the idea is to empower the reader to incorporate exist-

ing higher-language code into macros, in order to increase the reach and usefulness of Excel.

The first chapter introduces the reader to the software; it can be speed-read or skipped by

those already familiar with Windows- or Mac-based spreadsheets. The last chapter dis-

cusses macros, which can convert a spreadsheet into a powerful computing tool.

Sandwiched between these are the four main parts of this book: statistics and related

methods, chemical equilibrium, instrumental methods, and mathematical analysis. These

parts can be used independently, although some aspects introduced in chapters 2 and 3 are

used in subsequent chapters, and the spreadsheet instructions tend to become somewhat

less detailed as the text progresses.

The treatment of statistics is focused on explicit applications of both linear and non-

linear least-squares methods, rather than on the alphabet soup (F, Q, R, T, etc.) of available

tests. However, within that rather narrow framework, many practical aspects of error analy-

sis and curve fitting are considered. They are chosen to illustrate the now almost two centu-

ries old dictum of de Laplace that the theory of probability is merely common sense

confirmed by calculation.

Since the spreadsheet is eminently capable of doing tedious numerical work, exact math-

ematical expressions are used as much as possible in the examples involving chemical equi-

libria. Similarly, the treatment of titrations emphasizes the use of exact mathematical

relations, which can then be fitted to experimental data. In some of the exercises, the

student first computes, say, a make-believe titration curve, complete with simulated noise,

and is then asked to extract from that curve the relevant parameters. The make-believe

curve is clearly a stand-in for using experimental data, which can be subjected to the very

same analysis.

For the more instrumental methods of quantitative chemical analysis, I have taken a

rather eclectic approach, merely illustrating some aspects that are especially suitable for

spreadsheet exploration, such as Beer’s law and its applications to the analysis of multi-

component mixtures, chromatographic plate theory, polarography, and cyclic voltammetry.

Because of its important place in modern chemical instrumentation, an entire chapter is

devoted to Fourier transformation and its applications, including convolution and decon-

volution. The chapter on mathematical analysis illustrates several aspects of signal handling

traditionally included in courses in instrumental analysis, such as signal averaging and

synchronous detection, that deal with the relation between signal and noise. Its main focus,

Preface xiii
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however, is on numerical analysis, and it covers such aspects as finding roots and fitting

curves, integrating, differentiating, smoothing, and interpolating data. Numerical solution

of differential equations is the focus of chapter 9, where we discuss a number of kinetic

schemes, partially to counterbalance the earlier emphasis on equilibrium behavior.

The final chapter describes the nitty-gritty of macros, and illustrates how they can be used

to make the spreadsheet do many amazing things in exchange for relatively little effort on

the part of the user, who can simply incorporate pre-existing, well-documented, widely

available algorithms.

The aim of this book, then, is to illustrate numerical applications rather than to explain

fundamental concepts. Theory is mentioned only insofar as it is needed to define the

nomenclature used, or to explain the approach taken. This book can therefore be used in

conjunction with a regular textbook in analytical chemistry, in courses on quantitative or

instrumental chemical analysis. It can also serve as a stand-alone introduction to modern

spreadsheet use for students of chemistry and related scientific disciplines, provided they

are already familiar with some of the underlying scientific concepts. Because of its emphasis

on exercises, this book is also suitable for individual, home use.

I am grateful to Drs. T. Moisio and M. Heikonen of Valio Ltd, Helsinki, for permission to use

their unpublished experimental data in chapter 4, to Professor Phillip Barak of the

University of Minnesota for permission to include his adaptive-degree least-squares algo-

rithm in chapter 10, and to Numerical Recipes Software of Cambridge Massachusetts for

permission to use some subroutines from the Numerical Recipes.

I am indebted to Professors Nancy Gordon and Gale Rhodes of the University of Southern

Maine, Professor Barry Lavine of Clarkson University, Professors Panos Nikitas and Nanna

Papa-Louisi of Aristotle University, as well as to Mr. William H. Craig and Professors Andrew

Vogt, George Benke, and Daniel E. Martire of Georgetown University, for their many helpful

and constructive comments and suggestions. I am especially indebted to Professor Joseph T.

Maloy of Seton Hall University for his extensive advice.

I am grateful to Georgetown University for a sabbatical leave of absence, which gave me

the unbroken time to work on this book, and to Professor Nancy Gordon of the University of

Southern Maine in Portland, Maine, and Professor Panos Nikitas of Aristotle University of

Thessaloniki, Greece, for their gracious hospitality during the writing of it. Finally I thank my

son, Mark, for his invaluable help in getting me started on this project, and my wife, Jolanda,

for letting me finish it.

User comments, including corrections of errors, and suggestions for additional topics

and/or exercises, are most welcome. I can be reached at @.

Corrections will be posted in the web site

http://uk.cambridge.org/chemistry/resources/ delevie

From this web site you can also download the data set used in section 4.11, and the macros

of chapter 10.
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