PARTI
Chapter 1
Chapter 2

PART I

Chapter 3
Chapter 4
Chapter 5
Chapter 6
Chapter 7
Chapter 8

PART III
Chapter 9
Chapter 10
Chapter 11
Chapter 12

PARTIV

Chapter 13
Chapter 14
Chapter 15
Chapter 16
Chapter 17
Chapter 18
Chapter 19

PARTV

Chapter 20
Chapter 21
Chapter 22
Chapter 23

PART VI

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G

SUMMARY OF CONTENTS

Preface....cooiiiiiini e e xix
Preface to the First EJitON.......coocooiccciiiiiiniiennreiinnnn, xxi
Before You Begin...ccooccovviiiiiiiiiiii e xxiii
THE BASICS

Working with Excel ........ccc..coiiiiiiiiiiiii 3
Creating Charts: An Introduction....................... 47
ADVANCED SPREADSHEET TOFICS

Creating Advanced Worksheet Formulas .......c.oocconiieiinne 59
Creating Array Formulas ........ccooccoiiininicceeeee 91
Advanced Charting Techniques.........cocoevcriiniiinenivnnennnn 109
Using Excel's Database Features ..........cooocccciiiinae. 133
Importing Data into Exceli......coiiviiiiiiminn o, 147
Adding Controls to a Spreadsheet ............oooiivvrnviinn, 159
SPREADSHEET MATHEMATICS

Some Mathematical Tools For Spreadsheet Calculations ........ 169
Graphical and Numerical Methods of Analysis............cccueeee. 193
Linear Regression ..o, 207
Non-Linear Regression Using the Solver.................coooeiinn, 223
EXCEL VISUAL BASIC MACROS

Visual Basic for Applications: An Introduction .........c.cceven. 241
Programming with VBA..........cooiciiiiiii i 251
Working with Arraysin VBA ... 279
Creating Command Macros.........ccc.ooervvveviiieniiniiini e 291
Creating Custom Functons............cccccocoe i, 299
Creating Custom Menus and Menu Bars .....ccooccoiviinienenennn, 309
Creating Custom Toolbuttons and Toolbars...........c.cc.oeoeo 317
SOME APPLICATIONS

Analysis of Solution Equilibria ..........c...cooooi 329
Analysis of Spectrophotometric Data ..........coccoviiiinenine 339
Calculation of Binding Constants................ooooevivenereniiennnn, 349
Analysis of Kinetics Data.......ccooovvieiiee 373
APPENDICES

Selected Worksheet Functions by Category...........oovveniininns 391
Alphabetical List of Selected Worksheet Functions................. 397
Selected Visual Basic Keywords by Category..........coovvnnenn, 417
Alphabetical List of Selected Visual Basic Keywords.............. 421
Shortcut Keys for PC and Macintosh......ccoooeeecnn, 41
Selected Shortcut Keys by Category .......ooooiiiiinininiiinnnies 457
About the CD-ROM That Accompanies This Book ................. 463
INDEX oottt aae s s 469



Excel® for Chemists: A Comprehensive Guide. E. Joseph Billo
Copyright © 2001 by John Wiley & Sons, Inc.
ISBNs: 0-471-39462-9 (Paperback); 0-471-22058-2 (Electronic)

CONTENTS

0 () - VoL < Xix
Preface to the First Edition........oeuiiiiiieiiie e xxi
Before You Begin.......oooouiviiiiiiiiiiiiiiii e xxiii

PARTI: THE BASICS 1

Chapter 1 Working with EXcel ...c..cieierviiueiimiiriiiiiinnenieieeieiesesnninesunseessiense 3
The Excel Document Window ..........cccovciiviiiiniiicniiiicncn e 3
Changing What Excel Displays...........ccccccoiiiiiiiiiiiiiniee, 4
Moving or Re-Sizing Documents (Windows) .........cccccoeeiiiniiiiiiinninnnnennenenn, 5
Moving or Re-Sizing Documents (Macintosh)...........ccccooiviiiiiiiiniiinnnna. 5
Navigating Around the Workbook..........cccooovviniiiiiiiii e, 5
Selecting Multiple Worksheets.............ccoccieiiivviiinniiiiie, 6
Changing Worksheet Names ..............c.ccccooii 6
Rearranging the Order of Sheets in a Workbook ..........coooiviiiiiinni, 6
Navigating Around the Worksheet .............ccovveiiiiiniinii 7
Selecting a Range of Cells on the Worksheet ...........ccccccooviiiiinil, 7
Selecting Non-Adjacent Ranges .........ccccccevveiiviniiveciiionieniiivnveecc e 8
Selecting a Block Of CellS........cciiiiiiiiiiiiiiiiiiiiiicc 8
Entering Data in a Worksheet ... 9
Entering Numbers ... 10
How Excel Stores and Displays Numbers............ccccoovviiiiiiiiiiiin, 10
Entering Text......ouiori i, 11
Entering Formulas .........coovvviniieniiiin s 11
Adding a TeXt BOX .cccoioiiiiviiiiiiiiieci i 12
Entering a Cell Comment ..........ccoooiimimiiiiiiiiiiniiiriiin e 12
Editing Cell ENtries. .....c..covviiiiiiiieiiiiiceiie e 13
Excel's Menus: AN OVEIVIEW .....cooueviiiiiieiieiiiiniiiriee st 13
ShOTECUE METUS ..o e et e s e e ne e 15
Menu Commands or TOOIDUONS?......cc.ooverciiiiiiccieicie s 15
Opening, Closing and Saving Documents............cccceeveieeviniiiiinineieenieciinas 15
Opening or Creating Workbooks ........c.cccieriiviiiniiiiiiin 15
Using Move, Copy or DeleteSheet .............ooooriiiiiiiiiiiiiniiiiii i 16
Using Close or Exit/Quit............cccooiiiiiiiiiii i 16
Using Save Or SaVe AS... .....cccevviiiiiiiiiiiiiniiiiiiiiee s 16
The Types of Excel Document ..........ccccccovviiiiiiiiiniiinie it 17
Using Save WOTKSPACe... vuvvviiriiiiiiiiiiiiiiie e 17
Printing Documents..........cccovviiiiiiiiiieiiiiiiies e 18

vii



Vi Excel for Chemists

Using Page Setup... ...........oo 18
Using Print Preview............ e, 19
UsINg Printa. oo e 19
Printing a Selected Range of Cells in a Worksheet............occoieeviiininnne 20
Printing Row or Column Headings for a Multi-Page Worksheet ................ 21
Editing a Worksheel ... 21
Inserting or Deleting Rows or Columns..........ccccoviiiiiiiiiiins 21
Using Cut, Copy and Paste ..............coooiiiiiiiiii e 22
Using Paste Specialia .....coooicvieiiii i, 22
Using Paste Special to Transpose Rows and Columns ............ccoocvvveierinnne 23
USING CLEAL... coviiinriis it e s s s ae s 24
Using Insert ... 24
To Copy, Cut or Paste Using Drag-and-Drop Editing....................... 24
Duplicating Values or Formulas in a Range of Cells ..............ocooociicee. 25
Absolute, Relative and Mixed References ..........ccoooceveiiievinniniiniiniene, 26
Relative References When Using Copy and Cut.........c.ccocoiiviiiiiiinn . 27
Using AutoFill to Fill Down or Fill Right......................................... 27
Using AutoFill to Create a Series...........occvviviveiivinninniine e, 28
Formatting WOTksheets .............cooiviiiiiviiiiinii e, 29
Using Column Width and Row Height...................... 29
Using ALlIgnment... ..ot e 30
Using FOnt... ... e ) |
The Alternate Character Set.............ooooiiiii s 32
Entering Subscripts and Superscripts .....coooocoviinii i, 33
Using Border and Patterns...............oo.oi 33
Using the Format Painter Toolbutton ..o, 34
Numiber FOrmatting ..o e 35
Using Excel’s Built-in Number Formats........c.o.oocciiinnin, 35
Custom Number Formats..........occooviiiiniiiiiii e 36
Variable Number Formats ... 38
Conditional Number Formats........cccoooooiviiiiniiii e, 38
Using the Number Formatting Toolbuttons...........cocecvvnenniicininnieeieeeenn 39
Formatting Numbers Using "Precision as Displayed"..................vns 39
Protecting Data in Worksheets............ooocvivini s 40
Using Protection ... 40
Protecting a Workbook by Making it Read-Only ..o 40
Controlling the Way Documents Are Displayed........cccooeviiviiniiinininniin 41
Viewing Several Worksheets at the Same Time ... 41
Using New Window and Arrange... ........c..cccoiiiniiiiniiiinisiie e 41
Different Views of the Same Worksheet ...............cociiiiiiii 42
Using New Window ... 43
Using Splib.......oooooiiiii ST, 43
Using Freeze PANes ........cciiiviieriiivvicnmi s rsiias i ens s e vsesin e 44
Copying from Excel to Microsoft Word ... 44

Using Copy and Paste.................ccoooiiiiiiiiii e 45



Contents x

Making a "Screen Shot" (Macintosh).................. 45
Making a "Screen Shot” (WIndows)......ccocieiieiieiiiin e, 46
Useful REFEIENCES ..vvioiiiiiiiiiiiii s e 46
Chapter2 Creating Charts: An Introduction .......ccoovviimmiinicnnnnnniinnienenn, 47
Only One Chart Type Is Useful for Chemists........c..ccocovviiiiniiniinniinnn 47
Creating a Chart ... 47
Creating a Chart Using the ChartWizard..............c.cocoiiiiiiii i, 47
Activating, Resizing and Moving an Embedded Chart .............cccoocene. 50
Formatting Charts: An Introduction...........c.ccooviiiiiinine e, 50
Using the Chart Menu.........cocoiviiiiiieiice it 50
Using Chart Type... to Switch From One Chart Type to Another................ 51
Using Chart Options... to Add Titles, Gridlines ora Legend...................... 51
Using Location... to Move or Copy an Embedded Chart ................cccee. 51
Formatting the Elements of a Chart........cccviveciinienccnnnnnee e, 51
Selecting Chart Elements..........ccccccvviiniiiiiiiiiiiin e e 52
Formatting Chart Elements..................cii s 52
PART II: ADVANCED SPREADSHEET TOPICS.......ccccoviminniiienninnnsniiienns 57
Chapter 3 Creating Advanced Worksheet Formulas........ reerrrrerereserraareseraes 59
The Elements of a Worksheet Formula ... 59
OPerators.. .ottt 59
Absolute, Relative and Mixed References ......cccoocivvieiiivineieecirineercesneneannns 60
Creating and Using 3-D References.........cocccviiiiniiimiiiennennnnmnrinnnnn, 60
Creating and Using External References.............c.ccccovviiiiiiiniiniiiininnn. 61
Creating an External Reference by Selecting .........cccoooveeviei 62
Creating an External Reference by Using Paste Link..............ccooeini 62
The External Reference Contains the Complete Directory Path................... 62
Updating References and Re-Establishing Links ..............coccccooiiii 62
Entering Worksheet Formulas ... 63
Using Names Instead of References............oovvimmniii i, 64
Using Define Name ..o 64
Using Create Names ...........coociciiininiiiiininie e 65
Using the Drop-Down Name List BoX.......o.oocciivinnn, 67
Entering a Name in a Formula by Selecting .............c.cocccooiiiii 67
Using Apply Names ......coooveeeioviii i 68
Using Paste Name..........oovoiiiiii e 68
Deleting Names..........cccccccc i 68
Changing a Name. ..., 69
Names Can Be Local or Global.........c....ooccoiii s 69
The Label... Command...........cccccoiiviiiiiiiiiiiie s 70
Excel Will Create Labels Automatically..........c.coooinniiiiiininn. 71
Worksheet Functions: An Overview........oooccoiiiiiiiiiiii e, 71

Function ATguments ..., 72



X Excel for Chemists

Math and Trig Functions ... 72
Functions for Working with Matrices...........ccociviivinininin e, 73
Statistical FUNCHONS . ..o.v it iiiniiiiaiierie e siiie st eettras s sttnerrassernnsserassenssensssennses 73
Logical FUNCHONS......c..ooviiiiiiiiiciiin e 73
THE IF FUNCHON. ..ottt st rae s s s raeanarns 73
Nested IF FUNCHOTS - ..cnen e et ee e v aas e an s e e e 74
AND, OR and NOT ..ottt er e e e e s e s s e e e ia v et e e e e e e e eaeeeeeaeaeaeans 76
Date and Time FUnCOnS. . au e ere e eee e e ee s et resrereseen e 76
Date and Time Arithmetic . ..o e ee e e eee e 78
Xt FUNC I ONS ot ettt et er e er e sttt ee st s st er i si s sasterantanteraneraonantns 78
The LEN, LEFT, RIGHT and MID FUnchons ........coeeeeeeeiviioiieiieeeeeeeeeevieenees 78
The UPPER, LOWER and PROPER FUNCHONS. ......ccooi i riene s erreiennenens 79
The FIND, SEARCH, REPLACE, SUBSTITUTE and EXACT Funclions............... 79
The FIXED and TEXT FUNCHOMNS . ..oiuiiiiiiiieiieiie e et venesis e saeressaraninnersons 80
The VALUE FUNCHON. c.eui i i ser it s st r et b saa s trasesnesnsnnsises 81
The CODE and CHAR FUNCHONS. .. ..c vttt e ee e enes 81
Lookup and Reference FUNCHONS .........ovviviiiiieiiiieiii e 81
The VLOOKUP and HLOOKUP FUnchONS ...oovvvvviiiici e cv e 82
The LOOKUP FUNCHOM. 1 1vuvteriiniriesssnieaerinresienissiesentssiessierinsssseresensssiesnrees 82
The INDEX and MATCH FUNCHOMS - .....covniiiiee e et s e r e enenns 82
Using Wildcard Characters with MATCH, VLOOKUP or HLOOKUP ................ 83
The OFFSET FUINCHOI «vvvireiieirrteeieeranrenrierssrterenresrsstesressrareenermsrasereressans 83
Using Insert FUNCHON. ... e 83
A Shortcul to @ FUNCHON. «orvrrerieen e rr sy ree v e e e erneeeae st ven e e e e aarenaenas 85
Creating "Megaformulas” ..........ccociimvimminiiini 85
Troubleshooting the Worksheet............ooovviviiiiii 87
Error Values and Their Meanings .......cc.occociiniiiiii e, 87
Examining Formulas..........ccooviiii 87
Finding Dependent and Precedent Cells..............ccccociiiiiniiiiiininiiinnnen. 88
Using Paste List...... 88
Useltl RefeTenices .uuu. it iieiiiiiiasie it etriie s e s tree s serear s terrresenna s snense 89
Chapter4 Creating Array Formulas........ccccciiniiiiiinenicenneecanenees 91
Using Array FOrmulas ..o 9]
Array Constants ........co.ooiiiiieiiii 93
Editing or Deleting AITays ......ccocovviiiiriniiiinniieniesees e eseens 94
Formulas That Return an Array Result........cc.ccoooinniiiiii s 94
Creating a Three-Dimensional Array on a Single Worksheet...................... 95
Evaluating Polynomials or Power Series Using Array Formulas............cccoeeins 96
Using the ROW Function in Array Formulas..................nn, 97
Using the INDIRECT Function in Array Formulas..........cccccccooenniinns 97
Using Array Formulas to Work With Lists................oo 97

Counting Entries in a List Using Multiple Criteria............................. 98



Contents xd

Counting Common Entries in Two LiSts.....ccoociiiiiiiii 99
Counting Duplicate Entries ina List..............ccccocoii 100
Counting Unique Entries ina List.............coivini 101
Indicating Duplicate Entries in a List.........coocooeeiiinininin i, 101
Returning an Array of Unique Entries ina List ..., 103
Using an Array Formula to Sort @ 1-D List ..o 104
Using an Array Formula to Sort a2-D List...c..ocoviciiiiniiiecieccinccenee 105
Chapter 5 Advanced Charting Techniques.........cocvivnvvrermrieivisienimeeneine. 109
Good Charts vs. Bad Charts..........ccocoveviiii i, 109
Charts with More Than One Data Series.......ccvvviirericiciiiciiiecee e 110
Plotting Two Different Sets of Y Values in the Same Chart ....................... 110
Plotting Two Different Sets of X and Y Values in the Same Chart.............. 111
Another Way to Plot Two Different Sets of X and Y Values.............ccouneie 112
Extending a Data Series or Adding a New SeTies........c.cocoviiiiniininieinicinin, 114
The Copy and Paste Method................coooi e 114
The Drag and Drop Method ... 114
The Color-Coded Ranges Method ..........cccovieiiininininin . 114
Using Source Data... in the Chart Menu...............ooo oo 116
Editing the SERIES Function in the Formula Bar...........oocooooc i, 116
Customizing Charts.........ccooooiiii i e 116
Plotting Experimental Data Points and a Calculated Curve....................... 116
Adding Error Bars to an XY Chart.........ocovriiii e 118
Adding Data Labels to an XY Chart ........cccccooiiiiiiii e 120
Charts Suitable for Publication ........c.ooooccocoiiciiiii e 121
Changing the Default Chart Format.........cc..oocoiviniiniiiiiiin e 121
Logarithmic Charts..........cocviiviiniiicn e e, 122
3D CRATES. oo 123
Using Excel's Built-in 3-D Chart Format ........cooooviiiis 123
Charts with Secondary Axes......cc.cooeniviiniinns et —e et e e s 124
Getting Creative with Charts................oii i, 126
A Chart with an Additional AXis ...........cccivivniniiiiiiin 127
AChart withan Inset...........coorii e 129
Linking Chart Text Elements to a Worksheet ..............c..ccociiiiiininininnnn. 130
To Switch Plotting Order in an XY Chart......ccooiiiiiii, 131
Some Chart Specifications (Excel 2000) ..o, e 132
Chapter 6 Using Excel's Database Features......cccovvvveiieiiiinicnnnnn, wesrsinnnnn 133
The Structure of a List or Database..........cccioiimmmrniniiiin e 133
SOTHNE @ LiSt..ocviiiisiiniiiiis i 133
Sorting According to More Than One Field ..o, 135
SOTE OPLIONS .1vvvviirriri ittt e e s e e 135
Using AutoFilter to Obtain a Subset of a List ..c.cceeeivvvvenviinninniiiiene 136
Using Multiple Data Filters ..o, 138

Defining and Using a Database.........c..cooooiiiiiii e 138



xii Excel for Chemists

Creating a Database ... 138
Defining a Database............cccooiririiiiiiiiiiiie e 139
Adding or Deleting Records or Fields ..........c.ccooeiviiniiiiniiiiii, 139
Updating a Database Using Data Form ............ococoinviniini, 139
Finding Records That Meet Criteria ..........cooocviiiininniii, 141
Defining and Using Selection Criteria ..........c..c............ e 141
Using Multiple CriteTia........cccocovvrvivriiiii e 142
Special Criteria for Text Entries........coooooiiicno e 143
Extracting Records........... 144
Using Database FUNCHONS .........ccccoiiniiiiiic i, 145
Chapter 7 Getting Data into Excel ..ccooveiviviiiiiiiniinimincnmnniinan. 147
Direct Input of Instrument Data into Excel ..., 147
Transferring Files from Other Applications to Excel ... 147
Using the Text Import Wizard ..., 147
Using Text to ColUMIS.....oovuiiiiiin e e 151
From Hard Copy (Paper) to Excel ...............ccccooi 151
Using a Scanner to Transfer Numeric Data to Excel...........cccooiiiiinn, 151
Using a Scanner to Transfer Graphical Data to Excel ..........oooeiininin, 154
Selecting Every Nth Data Point........ccccvvvvvviiniiiini e, 154
Using AutoFill........ooi 154
Using the Sampling Tool.......cc.coooiiiinii e, 155
Using a Worksheet Formula ... 157
Chapter 8 Adding Controls to a Spreadsheet .......cocoociiiiiiiiiiiiiininiinnnnn, 159
You Can Add Option Buttons, Check Boxes, List Boxes
and Other Controls to a Worksheet............ccooooo 159
How to Add a Control to a Worksheet ........cc.coooiiiiiniini e 160
ContTol Properties ..oovvee et 161
A List Boxona Worksheet ... 163
A Drop-down List Box on a Worksheet ........coooovvieniiiiiiiiiii 163
Option Buttons and a Drop-down List Box.....c..ccccovviiiiinn e, 165
PART IIT: SPREADSHEET MATHEMATICS.....ccciioiciiciiminminaiines . 167
Chapter9 Some Mathematical Tools for Spreadsheet Calculations ............ 169
Looking Up Values in Tables..........ccccoccoc i 169
Getting Values from a One-Way Table ..........ccccooviii, 169
Getting Valucs from a Two-Way Table.........ccoooiiirinniin i, 170
Interpolation Methods: Linear ........ocoocvireiiiiiniiiii e 171
Table Lookup with Linear Interpolation............cccoooeeviiniiiininnnnn, 171
Interpolation Methods: Cubic.....coioviiiiniinini e, 173
Numerical Differentiation ..........ccccoiviiiiiiiiii e 175
First and Second Derivatives of a Data Set...ccoovii e 175
Derivatives 0f @ FUNCHOM ..vuuvievevreie e e e ane e 178

Numerical INtegration.........coeiiieiiiniiiri i 179



Contents Xiil

An Example: Finding the Area Under a Curve.......ccocccoeiiieiniciniiniiinnnns 180
Diifferential EQUations ......cocooiviiiiiiin i 182
Euler's Method ......ccooociiiiiiiii e 183
The Runge-Kutta Methods .........occiviiniiiiininiii e, 184
Arrays, Matrices and Determinants...........ooocovviviiriiiiiinnec e 186
An Introduction to Matrix Algebra.............cooiiiiiiiiiiiii 187
Polar to Cartesian CoordInates ...........cocoiioeiiiiiiieinin oo neens 189
Useful Reference..........cccocceiiiviniiiinii e 191
Chapter 10 Graphical and Numerical Methods of Analysis....... teesestaserenrenes 193
Finding Roots of EQUations...........ccocoiviieeie i, 193
The Graphical Method ..., 193
The Method of Successive Approximations ............ccoviiivniiicinnn 194
The Newton-Raphson Method..............ooiviii e 196
Solving a Problem Using Goal Seek.......c.oooovviviiiiniiiiiiiiinin 198
Solving a Problem by Intentional Circular Reference...........ccooevvieiiiiiinnnn. 201
Solving Sets of Simultaneous Linear Equations..............ccccooviiciniiinncne 203
Cramer's Rule.....oviiiiiiiiin s 204
Solution Using Matrix Inversion ............ccoocoooi e, 205
Chapter 11 Linear Regression .......cceverrrvenriinnrrarnsransirnrmsensrmmsmsnssnssnnnnn 207
Least-Squares Curve FithNg........covvivinriiiiniiiniiiie e 207
Least-5quares Fit to a Straight Line .........cccooiiiiiiiiii e 208
The SLOPE, INTERCEPT and RSQ Functions .........c..ccccveieniinininiinniniienns 208
Linear Regression Using LINEST ... .. .., 209
Least-Squares Fitof y =mx + b ..o 211
Regression Line Without an Intercept..............ccooiniiiinine, 211
Weighted Least SQUATeS ........uiuiiimiii s 212
Multiple Linear Regression........occviiiviiiniiiime i 212
Linear Regression Using a Power Series ..o, 214
Linear Regression Using Trendline ........ccco.oocoeiiiiiiiiiiiein s 214
Linear Regression Using the Analysis ToolPak ..........cccecoviniiniriiennnnnn, 216
Using the Regression Statistics............c.oooiiii e, 218
Testing Whether an Intercept Is Significantly Different from Zero............. 218
Testing Whether Two Slopes Are Significantly Different ...............c..oceuie 219
Testing Whether a Regression Coefficient [s Significant............................ 220
Testing Whether Regression Coefficients Are Correlated.......................... 220
Confidence Intervals for Slope and Intercept .........coocoicii, 221
Confidence Limits and Prediction Limits for a Straight Line .................... 221
Useful References ........ocoviviiiiviinieiin i 222
Chapter 12 Non-Linear Regression Using the Solver .....cooevnnnnnninn, 223
INon-Linear FUNCHONS ......oiiviiiiiiiiiie e ien i 223
Using the Solver ko Perform Non-Linear Least-Squares Curve Fitting.............. 224

Using the Solver for Optmization............cocoivieiiiiiiiiien e, 224



xiv Excel for Chemists

Using the Solver for Least-Squares Curve Fitting .........cccccovviiviniiiiiinnn. 224
Using the Solver: An Example .........cooocciiiiiiie e 225
Comparison with a Commercial Non-Linear Least-Squares Package......... 230
Solver OPHONS. .....cviiivic it 231
The "Use Automatic Scaling” Option is Important for Many Chemical
L (] T o ¢ SO 233
Statistics of Non-Linear Regression ...........ccoccoiiimiiiiriininen e 233
A Macro to Provide Regression Statistics for the Solver.......................... 235
Using the SolvStat Macro .....ooeviinii e e 236
An Additional Benefit from Using the SolvStat Macro..........ccccoveveieinnenn, 237
Useful REFEFBNCES ... 238
PART IV: EXCEL VISUAL BASIC MACROS.....cooirrercerirrmrnenacnencnrenennannnes 239
Chapter 13 Visual Basic for Applications: An Introduction.......c.svvveercinninnins 241
Visual Basic Procedures and Modules ... 241
There are Two Kinds of Macros .......oovevvieiiine e, 241
The Structure of 2 Sub Procedure ... s 242
The Structure of a Function Procedure ..........cooovvvimiciiniiinnns,, 242
The Visual Basic EAIEOT ......couviviiiiiiiriiiiiier et 243
Getting Started: Using the Recorder to Create a Sub Procedure ...................... 245
The Personal Macro Workbook......ccocoiiviiiniiie e 247
Running a SUb Procedure ..., 247
Assigning a Shortcut Key to a Sub Procedure........coocoeeicniiiniiiiiine 248
Getting Started: Creating a Simple Custom Function.........c.ceeeiiniiiinniennnn, 248
Using a FUNCtion Macro ........cccccciiiiiiiciin e, 249
Renaming a Macro. oo 250
How Do 15ave a Macro? ..ot s e reeian e ae s en s 250
Chapter 14 Programming with VBA.......c....oriiiniiriiniiini s 251
Creating Visual Basic Code........ccccooiiiiii s 251
Entering VBA Code ......oooviiiii 251
Making a Reference toa Cell or Range of Cells ..., 252
Making a Reference to the Active Cell or a Selected Range of Cells............ 253
Making a Reference to a Cell Other Than the Active Cell...........ooevnnenee 253
References Using the Union or Intersect Method ... 253
Getting Values from a Worksheet ... 254
Sending Values to a Worksheet................civiiii i e 254
Components of Visual Basic Statements ............covionviiiieei 254
OPETALOTS. c.vvivi ittt ittt b e 254
Variables and ArGUIMENES. ........oocoiuiriiiiiiacie s 255
Objects, Properties and Methods..........ccoooveiiiiii 255
OBJECES .. ceiiei it e e e 256
Some Useful ObJects........coeiiiiriiieiiicciities it 257

"Objects” That Are Really Properties ........c..coovviiiimiiinincnencenn, 257



Contents XV

You Can Define Your Own ObJects .....cccceriiieriniinniimin i ceisiniianinnn 257
PrOPerties. .ovvvereriniei et 257
Some Useful Properties .......ccoovveeimivemiii it 258
USING PrOpPerties.......ooiiiviiiieiniienniiis i e 258
Methods. ..o e 258
Some Useful Methods ... 258
Two Ways to Specify Arguments..........ccooiviiiiiiniiiiiiiee e 259
Argumenis With or Without Parentheses ..............cccoooeee 260
Some Useful Functions........oiooiiivenn i i s 260
Using Worksheet Functions with VBA ..., 260
Some Useful VBA Commands ..........cociiiiiinimmmmmmmss s e o, 261
VBA Data TYPesS ..o e s e 261
The Variant Data Type ... e e 262
String Data Types ......coooiiiiviiiiii e, 263
The Boolean (Logical} Data Type ......cocooiiiiiciiiii e 264
Declaring Variables or Arguments in Advance ........ocvvvvminisiciiicicae e, 264
Specifying the Data Type of an Argument...........oocoviiivien oo 264
Specifying the Data Type Returned by a Function Procedure .................. 264
Program Control........covvvviiiivi e 265
Decision-Making (Branching) ..o, 265
Logical Operators ........coouiirieioiiiiaiic ittt 266
LOOPIIIE 1 ovvvr ittt e e e 267
For..NextLoODS  .....coccoviiiiiiiiniiine i e 268
For Each..Next LoOpSs ..o e, 268
Do While...Loop  ..coooooiiiiii e 268
Exiting from a Loop or from a Procedure.............cccccccooviiiiinininiinniecene, 269
SUDTOULNES . ceievveievve e eieee ettt eetcecencer e an ettt e cee e bt ee e eet et s s e 269
Scoping @ SUBTOULNE .........oviiiiiiiiini et s 270
Interactive MacTos ..o e 270
L - [T S P OO PROTTPON 270
MSGBOX RetUIM VAIUES ..oooeiiiiiiieeiii e ettt e essirree s eiebe e e eesmebneee s 272
INPUIBOX ..o e e 272
Testing and Debugging..........coceiiiiiiiiii e 273
Tracing EXecutlon........co.iiiim i 274
Stepping Through Code ........coocoiiiiiiiiiiiiiii e, 274
Adding a BreakpPoint.......cocoe it 275
Examining the Values of Variables............cccimim s, 276
Using Conditional Watch .........coooiiiiniiii e 278
Useful RefErences ...........ccoviiiimiiiiiin i s 278
Chapter 15 Working with Arrays in VBA ... nsssseene 279
Visual BasiC ATTAYS.....oviiieiiineiiiiiiiecie e s e 279
Dimensioning Ar ALTAY . vuiieereuurrmrrrrerieumrirerree bt 279

Use the Name of the Array Variable To Specify the Whole Array.............. 279



xvi Excel for Chemists

Multidimensional Arrays ..o 279
Returning the Dimensions of an AITaY ..ooceve i, 279
DyNamic ATTAYS vuvvivumiiiieriiiineieria i s b 279
Preserving Values in Dynamic AITays........cccoiviiiiiiiciinnniienie i, 280

Working With Arrays in Sub Procedures:

Passing Values From Worksheet to VBA Module...........coooviiiiininin, 282
Using a Loop to Transfer Values from a Worksheet to A VBA Array......... 282
A Range Specified in a Sub Procedure
Can Be Set Equal to an Array Variable......................occ 283
Some Worksheet Functions Used Within VBA Create an Array ................ 283
An Array of Object Variables...............ccoooiii 284

Working With Arrays in Sub Procedures:

Passing Values From VBA Module to Worksheet..........ccceociiiiiniiicn e 285
Using a Loop to Transfer Values from a VBA Array to a Worksheet ........ 285
Equating a Worksheet Range To an Array Variable....................... 285
A 1-Dimensional Array Assigned To a Worksheet Range
Can Cause Problems ........ccoooiiiiiiiiiiiiiiien e 286
Speed Differences in Reading or Writing Arrays
Created by Two Different Methods.........oc.occoooniiiiiic e 288

Working With Arrays In Function Procedures:

From Worksheet ToModule.................oo 288
A Range Passed to a Function Procedure
Automatically Becomes an AITay ..........cccoiiiiiiieiiiiin s o, 288
Passing an Indefinite Number of Arguments
Using the ParamArray Keyword ... 289
Returning an Array of Values asa Result.........c.ooocieiiinnniininn, 289

Chapter 16 Creating Command MAcros........ociviineiism e 291

Creating Advanced Macros in VBA.........ccccciiiiniiiiin i, 291

Creating a Simple Sub Procedure to Format Text as a Chemical Formula........ 291
Adding Enhancements to the ChemicalFormat Macro..........oooeiiiiiiiinnne.. 292
Adding More Enhancements ..........cccccoiiiiiniiiinniiineneenn e, 293

Creating a Sub Procedure to Apply Data Labels ina Chart........cccccoceenniinnnnn, 295

Chapter 17 Creating Custom Functions ..., 299

A Custom Statistical FUNCHON. ..o 299

A Function That Takes an Optional Argument ... 302

A Function That Takes an Indefinite Number of Arguments ...........ccccceooeiis 303

Providing a Description for a Function

in the Paste Function Dialog Box..........ccooi e, 306

Assigning a Custom Functionto a Function Category .........occcoieniiiiniiene 307

Creating Add-In Function Macros ........cccccccviieviviiiiinieonnininas i, 307
How to Createran Add-In Macro...........coiinin, 307

How to Protect an Add-In WorkbooK.....cooviiiie e 307



Contents xvil

Advantages and Disadvantages of Using Function Macros ........c.ccceciivnnnnnn, 308
Chapter 18 Creating Custom Menus and Menu Bars ........cccoooiviinieiinnnnananns, 309
Modifying Menus or Menu Bars .........coevvivnininnniin e 309
Adding or Removing a Menu Command.......ccc.oeovimiaiiiiiiiniiie . 309
Creating ANew Menu Bar............ooooi 310
Adding a Custom Menu toaMenu Bar...............oooiiis 311
Adding a Custom Menu Command toa Menu ...........c.ooooecinin . 312
Modifying Menus or Menu Bars by Using Visual Basic ..........cooccevniviiiiinennn 313
Adding a Menu Command by Means of an Auto_Open Macro................. 313
Adding a Menu Command by Means of an Event-Handler Procedure ...... 314
Chapter 19 Creating Custom Tools and Toolbars.......cccveeiiiisiiinmenineninenenee 317
Customizing Toolbars........c.oiviiniini e e 317
Moving and Changing the Shape of Toolbars .................oL 317
Activating Other Toolbars..............coviiiiiiiiiniiie e 318
Adding or Removing Tool buttons from Toolbars..........c.cceccevvveniniennnnns 319
Creating a New Toolbar ......c.ccouiiiiniiiin s 320
Creating Custom TOolbutionS.......oiecciiiiiiiiiii e 321
The NumberFormatConvert Macro...........cocooooiiiiiicnicicic e 323
The FullPage Macro.......cccccoviiiiiiiniiiiii i 324
Creating a Custom Toolbutton Tmage........oooviiiniinine o, 325
How to Add a ToolTip to a Custom Button..............coooiiinis 326
Creating Toolbuttons or Toolbars by Means of a Macro...........cccoooivnns 326
PART V: SOME APPLICATIONS ...coivimiiimimmiimimmisiimiemmsmismssm s 327
Chapter 20 Analysis of Solution Equilibria ..., 329
Species Distribution Diagrams........ccccvveieiiiiiii s 329
Analysis of Titration Data.........ccccooiiiiiiiiniinc e 332
Simulation of Titration Curves Using a Single Master Equation ..................... 337
Chapter 21 Analysis of Spectrophotometric Data ........ccoverneueen, P veee339
Calibration Curves for Spectrophotometry .......ccccoovnieiiiieiiiien e 339
Analysis of Spectra of Mixtures..........o.ovveivnirici 341
Applying Cramer’s Rule to a Spectrophotometric Problem ...............cce. 341
Solution Using Matrix INVersion ......vuiieeiienciinnniisiinesssnnnnsns e 343
Deconvolution of SPectra ........coeievir i 34
Mathematical Functions for Spectral Bands ............cocociiiiniiinnene, 3
Deconvolution of a Spectrum: An Example..........c.ooviin . 345
Tackling a Complicated Spectrum. ........cccoovvviiiiiiiiciii s 347
Chapter 22 Calculation of Binding Constants.........c..ccccooiviicinsiininicnnnisnnnnnn 349
Determination of Binding Constants by pH Measurements.......................o..o. 350
Experimental Techniques ..o, 350

Separation of Overlapping Protonation Constants for a Polyprotic Acid....351



xviil Excel for Chemists

Two Overlapping Protonation Constants of N-(2-Aminoethyl)-1,4-

diazacycloheptane .........c.ocviiiiiiiiiiiii 352
Three Overlapping Protonation Constants of a Polyamine Using Least-
Squares Curve Fitting and the Solver...........ccccvi 356
Determination of Binding Constants by Spectrophotometry ..............c.coeiie 359
Experimental Techniques ......c.cccoovvieiiiiiiiiiiiii i 361
Calculations ....vcvviiiiiiii i e 361
Determination of Two Overlapping Protonation Constants of 4,5-
Dihydroxyacridine...........cooocoii 361
The Bjerrum pH-Spectrophotometric Method ... 365
Determination of Binding Constants by NMR Measurements............cccoieueee. 368
Experimental Techniques ..........coccooiviviiiinnin e, 368
L0 LD Y1 7Y 1 - S 369
Monomer-Dimer Equilibrium..............o 369
Chapter 23 Analysis of Kinetics Data......ccccciienisinniniinminiiinine, 373
Experimental Techniques ....c...vvieiieieeiic e 373
Analysis of Monophasic Kinetics Data.........ooiovvievniinn e, 373
First-Order Kinetics .. ...coviiviiiiviii i i i s s e 373
Reversible First-Order Reactions........cecvveeeiiciiiiiineiiie e e s 376
When the Final Reading Is Unknown...........cocoviiiiniiinen, 376
Second-Order Kinetics ...ovvvererieeruieriinreriimr e vre s e e s e e 378
Pseudo-First-Order Kinetics .........coooeeiviiiiinini e 378
Analysis of Biphasic Kinetics Data ..........cccoooiiiiin, 379
Concurrent First-Order Reactions .......c.ccco oo, 379
Consecutive First-Order Reactions............coivviuviiinnionnnimininininn e 379
Consecutive Reversible First-Order Reactions....................... 383
Simulation of Kinetics by Numerical Integration............cc...coi 386
PART VI: APPENDICES......cotiiirrirrirristisinsiesiaen st stassansissnssssnnsssnsssasases 389
Appendix A Selected Worksheet Functions by Category..........ccccoooiienn 391
Appendix B Alphabetical List of Selected Worksheet Functions................. 397
Appendix C  Selected Visual Basic Keywords by Category.......ccocooeiiieiennn 417
Appendix D Alphabetical List of Selected Visual Basic Keyword................ 421
Appendix E  Shortcut Keys for PC and Macintosh........covreecuiiiinennnnn. 441
AppendixF  Selected Shortcut Keys by Calegory .....coveveeicniininniiiniecnnins 457
Appendix G About the CD-ROM That Accompanies This Book................ 463

INDEX i erreraiverEreaieNe st tesies e r et taesr st e TsaTenrsTassaTanraTerTen 469



