Ccontents

P T AT .t Xi
ACKNOWIEAGMENTS.....iiiiiiieie bbb es xiii
Chapter 1 Introduction to Infrared SPectrOSCOPY.....cocevveeiveeieiieii e eeesee e 1
l. Terms and DefinitionS.......cccvvvvii e 1
Il The Properties of Light.......cccoooviieiiiiiie e, 2
I, What Is an Infrared Spectrum?.........cccoooveiiiinninieneniee e 5
IV.  What Are Infrared Spectra Used FOI?.......ccccoovviviieiienneiennnenn, 8
V. The Advantages and Disadvantages of Infrared
SPECITOSCOPY ..vviiiiiie ittt 8
VI.  The Advantages and Disadvantages Of FTIR..........cccccevvnenen. 12
A. The Advantages Of FTIRS.....c.cccocviiiieiieveec e 12
B. The Disadvantage of FTIR .......cccooiiiiiiniine e 16
VII.  FTIR: The Rest 0f the Story......ccccoiiiiiniiccee, 16
RETEIENCES. ..o 17
Chapter 2 How an FTIR WOTKS......cccoiiiiiice et 19
l. Interferometers and INterferograms........cccovvvveeneneneneninenens 19
A. How Many Scans Should Be Used?..........cccecvevviierveniene. 28
Il. How an Interferogram Becomes a Spectrum.........ccccceevueruenee. 30
A, SCaNNING AQVICE.....ooiieieeie e 34
HI.  Instrumental ReSOIULION........ccoiiiiiiiiie e 36
A. What Determines Resolution in an FTIR Scan?................ 37
B. What Resolution Should Be Used?.......cccccocvvviiiiniinnnnne. 39
IV.  FTIR Trading RUIES......coiiiii e 40
V. FTIR HardWare. ..o s 41
A INTErfErOMELErS..cceiiiiiee e 41
B. INTrared SOUICES......coviiiiieiiiise e 42
C. Beamsplitters. ..o 43
D. Infrared DeteCtOrS. ..o, 44
E. The LaSer . 47
VI.  Testing Instrument Quality and Troubleshooting..................... 49
RETEIBNCES. .. 53
Chapter 3 Proper Use of Spectral Processing......cccccoceuvvevviieiieevieciesiese e 55
l. The Rules of Spectral Processing.......ccccccovvevervenesieseesesnenns 55
I Spectral SUBLraCction.........ccocviiii i 56
A. Subtraction ArtifactS......ccoovviieeiiiii e 60
HI.  Baseline COrreCtioN.......cccovuiiiieiiiieie e 62

Vii



Vil

Chapter 4

Contents

IV, SMOOthING .o 66
V. Spectral DeriVatiVES..........ccocveieiieie e 69
VI DECONVOIULION. ..ot 72
A. Guidance, Precautions, and Limitations...........c.ccceevenennn. 74
VII.  Spectral Library Searching.......c.cccoceviiveiiiiii i 76
A. The Search PrOCESS.....ccciieiierieiesiesie e 78
B. Interpreting Library Search Results..........ccccooveviiiiiiiennns 8l
VIII. Analysis of Mixtures: Subtract and Search Again................... 83
RETEIENCES. ..t 85
Preparing Samples Properly......ccoiieeeesese e 87
l. Transmission Sampling OVervieW........cccccvvevvevviiesienne e 87
A. Windows, Cells, and Materials for Transmission
ANATYSIS. .o 89
Il. Transmission Analysis of Solids and Powders.........cccccceeuevverennnnn 90
Al KB PelIEtS .o 90
1 Mechanical Grinding.......cccocooeiiiininieniieeeenesc e 92
2. Advantages and Disadvantages of KBr Pellets............. 93
B, MUIIS ..o e 94
L The Split Mull Method..........cccooveiiieecce e, 96
I1l.  Transmission Analysis of POlymers........cccoiiiiiiiinininnnn, 100
A. The Cast Film Method..........cccoveviiiiiiiiiecee 100
B. The Heat and Pressure Method..........ccccoviiininieiinnnenn, 102
IV.  Transmission Analysis of LiquidsS.......cccccevviieiiiniienieeveenene 106
A. Capillary Thin FilmsS.....ccociiii e 106
B. Sealed Liquid CellS......ccceiviiiieieeeceeeee e, 109
V. Transmission Analysis of Gases and Vapors...........ccoceveennee. 113
VI.  Reflectance ANalysSiS.....cccooiiiiieiieiiiie s 119
A. Different Types of Reflectance...........ccocvviviiiiiiiins 119
B. Advantages and Disadvantages of Reflectance
SAMPIING.eiiiiiiee e 121
VII.  Specular RefleCtanCe.........cocoveiiiiiiiiiieee 122
VIII. Diffuse Reflectance (DRIFTS) ..o 124
A. Abrasive Sampling.....ccccoccevoiiieiiie e 127
IX.  Attenuated Total Reflectance (ATR)..ccccocvvivevivcviiieie e, 129
A. Depth of Penetration.........cccccevvvieiicieie e 131
X. Applications OF ATR ..o e 138
AL LIQUILS o 138
B. SeMIi-SOlIAS......ccoiiiiiiiii e 139
C. POIYMEIS .o 140
D. POWUEIS. ...ttt 141
Xl.  ATR: Advantages and Disadvantages..........ccoocevvrrrrieeneennenn 144
XIl.  FTIR Sample Preparation: Overview
and RecommeNdationsS........ccoovveiiiiniseneee e 145

R BT I EINICES. et e e e e e e e e e e e e eeeeeeeeeeeeeeeeeeeees 146



Contents IX
Chapter 5 Quantitativelnfrared SpPectroSCOPY......cocvvvrieiiereieieie e 147
l. Terms and DefinitioNnS.......coccoeiiiiiiiiee e 147
IL BREI™S LAW ... 148
I1l.  Calibration and Prediction with Beer’s Law..........c.ccocooevvuenne 150
A, Calibration. ..., 150
B. PrediCtion. ..o 152
C. An Experimental Protocol for Single Component
ANAIYSES . 153
1 Analyzing for a Single Analyte.........ccccooiniiiiiiien, 153
IV.  Measuring Absorbances Properly.......oiiniinnnnnn, 154
A. Peak Areas versus Peak HeightS........ccccoveiiiiiiieinenn 154
B. Dealing with Overlapped Peaks..........ccooeviiiiiiiicnnnnnne 156
V. Avoiding Experimental Errors........ccooiiiiiiiicicieen, 157
RETEIBNCES. ..ot 159
Chapter 6 INnfrared MICIOSCOPY .. ...ecueiiiirieieiee sttt 161
l. Hyphenated Infrared TeChniqUes.........cccoceviieriniiiniiieee, 161
Il Infrared Microscopy Instrumentation............ccccceeveivereiienen, 161
HI.  Sample Preparation........ccccccveiieie s 165
IV, APPLICALIONS. ..ot 170
V. Infrared Mapping and IMaging.......ccccovrviininieieneieneneee 171
RETEIBNCES. .. 174
(C Lo 1 Y: 1 VPR P SRR PSTPT 175
L A X ettt b e bt re et ne e e 183



