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First Aid in Case of an Accident

The occurrence of an accident of any kind in the laboratory should be reported 
promptly to your instructor, even if it seems relatively minor.

F I R E
Your first consideration is to remove yourself from any danger, not to extinguish 
the fire. If it is possible to do so without endangering yourself, turn off any burners and 
remove containers of flammable solvents from the immediate area to prevent the 
fire from spreading. For the most effective use of a fire extinguisher, direct its nozzle 
toward the base of the flames. Burning oil may be put out with an extinguisher 
classified for use on “ABC” type fires.

If your clothing is on fire, DO NOT RUN; rapid movement will only fan the 
flames. Roll on the floor to smother the fire and to help keep the flames away from 
your head. Your neighbors can help to extinguish the flames by using fire blankets, 
laboratory coats, or other items that are immediately available. Do not hestitate to 
aid your neighbor if he or she is involved in such an emergency; a few seconds delay 
may result in serious injury. A laboratory shower, if close by, can be used to extin-
guish burning clothing, as can a carbon dioxide extinguisher, which must be used 
with care until the flames are extinguished and only if the flames are not near the head.

If burns are minor, apply a burn ointment. In the case of serious burns, do not 
apply any ointment; seek professional medical treatment at once.

C H E M I C A L  B U R N S
Areas of the skin with which corrosive chemicals have come in contact should be 
immediately and thoroughly washed with soap and warm water. If the burns are 
minor, apply burn ointment; for treatment of more serious burns, see a physician.

Bromine burns can be particularly serious. Such burns should first be washed 
with soap and warm water and then thoroughly soaked with 0.6 M sodium thiosul-
fate solution for 3 h. Apply cod liver oil ointment and a dressing; see a physician.

If chemicals, in particular corrosive or hot reagents, come in contact with the 
eyes, immediately flood the eyes with water from the nearest outlet. It is best to use 
a specially designed eyewash fountain if one is available in the laboratory. Do not 
touch the eye. The eyelid as well as the eyeball should be washed with water for 
several minutes. In all instances where sensitive eye tissue is exposed to corrosive 
chemicals, an ophthalomologist should be consulted as soon as possible.

C U T S
Minor cuts may be treated by ordinary first-aid procedures; seek professional med-
ical attention for serious cuts. If severe bleeding indicates that an artery has been 
severed, attempt to stop the bleeding with compresses and pressure; a tourniquet 
should be applied only by those who have received first-aid training. Arrange for 
emergency room treatment at once.

A person who is injured severely enough to require a physician’s treatment 
should be accompanied to the doctor’s office, or infirmary, even if he or she claims to 
be all right. Persons in shock, particularly after suffering burns, are often more seri-
ously injured than they appear to be.
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List of New Experiments

Ch 10	 C. Bromination of (E)-Cinnamic Acid

Ch 17	 B. Transfer Hydrogenation of Cinnamic Acid Derivatives 
	 A. Tartaric Acid-Mediated Enantioselective Reduction of Methyl Acetoacetate

Ch 19	 Preparation of 3-Ethylhex-5-En-3-Ol 
	 Preparation of 4’-Methyl-(1,1’-Biphenyl)-4-Methanol

List of New Discovery Experiments

Ch 3	 C. Who Else Has My Compound?

Ch 10	 C. Bromination of (E)-Cinnamic Acid

Ch 14	 Competing Nucleophiles in SN Reactions 
	 Competition between Substitution and Elimination

Ch 15	 B. Electrophilic Aromatic Bromination of Monosubstituted Arenes 
	 C. Nitration of Monosubstituted Arenes 
	 Azo Dyes and the Chemistry of Dyeing Fabrics

Ch 17	 B. Transfer Hydrogenation of Cinnamic Acid Derivatives 
	 A. Tartaric Acid-Mediated Enantioselective Reduction of Methyl Acetoacetate

Ch 20	 Identifying Unknown Esters Produced by Fischer Esterification

List of New Green Experiments

Ch 15	 Friedel-Crafts Acylation of Anisole

Ch 16	 C. Aerobic Oxidation of Benzylic Alcohols

Ch 18	 Synthesis of Ethyl 6-Methyl-2-Oxo-4-Phenyl-1,2,3,4-Tetrahydropyrimidine-5-Carboxylate

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Experimental  
Organic  
Chemistry
A Miniscale and Microscale Approach
SIXTH Edition

Australia • Brazil • Mexico • Singapore • United Kingdom • United States

John C. Gilbert
Santa Clara University

Stephen F. Martin
University of Texas at Austin

80461_fm_ptg01_i-xxvi.indd   1 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



80461_fm_ptg01_i-xxvi.indd   4 28/10/14   12:52 PM

       This is an electronic version of the print textbook. Due to electronic rights restrictions,
some third party content may be suppressed. Editorial review has deemed that any suppressed 
content does not materially affect the overall learning experience. The publisher reserves the right 
to remove content from this title at any time if subsequent rights restrictions require it. For
valuable information on pricing, previous editions, changes to current editions, and alternate 
formats, please visit www.cengage.com/highered to search by ISBN#, author, title, or keyword for 
materials in your areas of interest.

       Important Notice: Media content referenced within the product description or the product 
text may not be available in the eBook version.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



© 2016, 2011 Cengage Learning

ALL RIGHTS RESERVED. No part of this work covered by the copyright herein 
may be reproduced, transmitted, stored, or used in any form or by any means 
graphic, electronic, or mechanical, including but not limited to photocopying, 
recording, scanning, digitizing, taping, Web distribution, information networks, 
or information storage and retrieval systems, except as permitted under Sec-
tion 107 or 108  of the 1976 United States Copyright Act, without the prior writ-
ten permission of the publisher.

Experimental Organic Chemistry: A Miniscale 
and Microscale Approach, Sixth Edition
John C. Gilbert and Stephen F. Martin

Product Director: Mary Finch

Product Manager: Krista Mastroianni

Content Developer: Thomas Martin

Managing Developer: Peter McGahey

Product Assistant: Morgan Carney

Associate Media Developer: Elizabeth Woods

Senior Marketing Manager: Julie Schuster

Art and Cover Direction, Production  
Management, and Composition:  
Lumina Datamatics, Inc

Manufacturing Planner: Judy Inouye

Cover Image: © Images created using VIDA 
[v4.4.0] from OpenEye Scientific Software, Inc. 
(www.eyesopen.com)

For product information and technology assistance, contact us at  
Cengage Learning Customer & Sales Support, 1-800-354-9706.

For permission to use material from this text or product,  
submit all requests online at www.cengage.com/permissions. 

Further permissions questions can be e-mailed to  
permissionrequest@cengage.com.

Printed in the United States of America
Print Number: 02    Print Year: 2015

Library of Congress Control Number: 2014948891

ISBN: 978-1-305-08046-1

Cengage Learning 
20 Channel Center Street 
Boston, MA 02210 
USA

Cengage Learning is a leading provider of customized learning solutions with  
office locations around the globe, including Singapore, the United Kingdom,  
Australia, Mexico, Brazil, and Japan. Locate your local office at  
www.cengage.com/global.

Cengage Learning products are represented in Canada by Nelson Education, Ltd.

To learn more about Cengage Learning Solutions, visit www.cengage.com.

Purchase any of our products at your local college store or at our preferred online 
store www.cengagebrain.com.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

WCN: 02-200-203



iii

Contents in Brief

	 1	 Introduction, Record Keeping, and Laboratory Safety  1

 	 2	 Techniques and Apparatus  25

	  3	 Solids: Recrystallization and Melting Points  91

	  4	 Liquids: Distillation and Boiling Points  125

	  5	 Extraction  155

	  6	 Chromatography  179

	  7	 Stereoisomers  211

	  8	 Spectral Methods  235

	  9	 Alkanes  309

	 10	 Alkenes  331

	 11	 Alkynes  403

	 12	 Dienes: The Diels-Alder Reaction  421

	 13	 Kinetic and Thermodynamic Control of a Reaction  443

	 14	 Nucleophilic Aliphatic Substitution: Preparation of  

Alkyl Halides  459

	 15	 Electrophilic Aromatic Substitution  499

	 16	 Oxidation of Alcohols and Carbonyl Compounds  585

	 17	 Reduction Reactions of Double Bonds: Alkenes, Carbonyl  

Compounds, and lmines  621

	 18	 Reactions of Carbonyl Compounds  673

	 19	 Organometallic Chemistry  715

	 20	 Carboxylic Acids and Their Derivatives  759

	 21	 Multistep Organic Synthesis  795

	 22	 Polymers  855

	 23	 Carbohydrates  875

	 24	 a-Amino Acids and Peptides  891

	 25	 Identifying Organic Compounds  (available online only)

	 26	 The Literature of Organic Chemistry  (available online only)

80461_fm_ptg01_i-xxvi.indd   3 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



80461_fm_ptg01_i-xxvi.indd   4 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



v

Table of Contents

Chapter 1	 Introduction, Record Keeping, and Laboratory Safety  1
1.1	 Introduction  1
1.2	 Preparing for the Laboratory  2
1.3	 Working in the Laboratory  2
1.4	 The Laboratory Notebook  4
1.5	 General Protocol for the Laboratory Notebook  4
1.6	 Types of Organic Experiments and Notebook Formats  5
1.7	 Sample Calculations for Notebook Records  14
1.8	 Safe Laboratory Practice: Overview  16
1.9	 Safety: General Discussion  17
1.10	 Safety: Material Safety Data Sheets (MSDSs)  19
1.11	 Safety: Disposal of Chemicals  21

Chapter 2	 Techniques and Apparatus  25
2.1	 Glassware: Precautions and Cleaning  25
2.2	 Standard-Taper Glassware for Miniscale Procedures  26
2.3	 Standard-Taper Glassware for Microscale Procedures  27
2.4	 Assembling Apparatus  29
2.5	 Measuring and Transferring Liquids  30
2.6	 Weighing Methods  35
2.7	 Melting-Point Methods and Apparatus  36
2.8	 Boiling-Point Methods and Apparatus  39
2.9	 Heating Methods  41
2.10	 Cooling Techniques  49
2.11	 Stirring Methods  50
2.12	 Centrifugation  52
2.13	 Simple Distillation  53
2.14	 Fractional Distillation  56
2.15	 Vacuum Distillation  58
2.16	 Steam Distillation  62
2.17	 Filtration Apparatus and Techniques  64
2.18	 Decolorizing Carbon  70
2.19	 Decanting Solutions  71
2.20	 Sublimation  71
2.21	 Extraction  73
2.22	 Heating Under Reflux  79
2.23	 Gas Traps  81
2.24	 Drying Agents  83

80461_fm_ptg01_i-xxvi.indd   5 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



vi Table of Contents

2.25	 Drying Organic Solutions  85
2.26	 Drying Solids  85
2.27	 Drying Tubes  86
2.28	 Drying Apparatus  86
2.29	 Evaporating Solvents  87

Chapter 3	 Solids: Recrystallization and Melting Points  91
3.1	 Introduction  91
3.2	 Recrystallization  92

Recrystallization  99
	 A. Solvent Selection  99
	 B. Recrystallizing Impure Solids  101
	     Miniscale Procedures  101
	     Microscale Procedures  104
	     Formation of Polymorphs  107
3.3	 Physical Constants: Melting Points  111

Melting Points  115
	 A. Calibration of Thermometer  116
	 B. Determining Capillary-Tube Melting Points  116
	     Melting-Point Depression  117
	 C. Who Else Has My Compound?  117

Experimental Procedures  118
	 A. Determining Melting Points  119
	 B. Testing Solubility  119
	 C. Thin-Layer Chromatography  119
	D . Comparing Data and Determining the Structure of the Unknown  119

Chapter 4	 Liquids: Distillation and Boiling Points  125
4.1	 Introduction  125
4.2	 Boiling Points of Pure Liquids  125

Boiling Points of Pure Liquids  127
	     Miniscale Procedure  127
	     Microscale Procedure  128
4.3	 Simple Distillation  129

Simple Distillation  131
	     Miniscale Procedure  131
	     Microscale Procedure  132
4.4	 Fractional Distillation  133

Fractional Distillation of a Binary Mixture  139
	     Miniscale Procedure  139
	     Comparative Fractional Distillations  140
	     Fractionation of Alternative Binary Mixtures  140
	     Fractional Distillation of Unknowns  140
4.5	 Steam Distillation  143
4.6	 Steam Distillation: Isolation of Citral from Lemon Grass Oil  145

Steam Distillation of Citral from Lemon Grass Oil  147
	     Miniscale Procedure  147
4.7	 Qualitative Analysis  149
	 A. Tests for Unsaturation  149
	     1. Bromine in Dichloromethane  149

80461_fm_ptg01_i-xxvi.indd   6 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents vii

Bromine Test for Unsaturation  150
	     2. Potassium Permanganate  150

Baeyer Test for Unsaturation  151
	 B. �Test for Aldehyde Function  151

Chromic Acid Test for Aldehydes and 1° and 2° Alcohols  152

Chapter 5	 Extraction  155
5.1	 Introduction  155
5.2	 Theory of Extraction  156
5.3	 Base and Acid Extractions  158

Base and Acid Extractions  163
	     Miniscale Procedure  163
	     Microscale Procedure  166
	     Separation of Unknown Mixture by Extraction  169
	     Isolation of Ibuprofen  169
5.4	 Extraction of a Natural Product: Trimyristin  173

Isolation of Trimyristin from Nutmeg  174
	     Miniscale Procedure  174
	     Microscale Procedure  175

Chapter 6	 Chromatography  179
6.1	 Introduction  179
6.2	 Thin-Layer Chromatography  180

Separation of Spinach Pigments by TLC  185
	       �  Effect of Solvent Polarity on Efficiency of Separation  186
	       �  Analysis of Plant Pigments from Various Sources  186

Separation of Syn- and Anti-Azobenzenes by TLC  186
	       �  Analysis of Analgesics by TLC  188
6.3	 Column Chromatography  189

Column Chromatography  193
	       �  Column Chromatographic Separation of Benzyl Alcohol  

  and Methyl Benzoate  194
6.4	 Gas-Liquid Chromatography  196

A. �Qualitative and Quantitative Analyses of a Mixture  
of Compounds by GLC  206

	       �  Analysis of Factors Affecting Retention Times  207
	       �  Effect of Stationary Phase on Separation of a Mixture  207

B. Determining GLC Response Factors  207
	       �  Molar Response Factors of Isomers  208
	       �  Molar Response Factors of Non-Isomeric Compounds  208

Chapter 7	 Stereoisomers  211
7.1	 Introduction  211
7.2	 Separation of Diastereomeric 1,2-Cyclohexanediols  213

Separation of Diastereomeric 1,2-Cyclohexanediols  215
	       �  Solvent Effects on Rf -Values  215

80461_fm_ptg01_i-xxvi.indd   7 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



viii Table of Contents

7.3	 Isomerization of Dimethyl Maleate to Dimethyl Fumarate  217
Isomerization of Dimethyl Maleate to Dimethyl Fumarate  218

	    �     Miniscale Procedure  218
	    �     Microscale Procedure  219
	       �  Iodine as a Catalyst for Isomerization  220
	       �  Assessing Purities of Dimethyl Maleate and Fumarate  220
7.4	 Properties of the Enantiomers of Carvone  221

A. Properties of the Enantiomeric Carvones  223
B. �Formation of Carvone 2,4-Dinitrophenylhydrazone  224
Preparation of Carvone 2,4-Dinitrophenylhydrazone  225

7.5	 Polarimetry  227
7.6	 Resolution of Racemic 1-Phenylethanamine  229

Resolution of Racemic 1-Phenylethanamine  230
	         Miniscale Procedure  231

Chapter 8	 Spectral Methods  235
8.1	 Introduction  235
8.2	 Infrared (IR) Spectroscopy  238
8.3	 Nuclear Magnetic Resonance (NMR) Spectroscopy  258
8.4	 Ultraviolet and Visible Spectroscopy  294
8.5	 Mass Spectrometry  301

Chapter 9	 Alkanes  309
9.1	 Introduction  309
9.2	 Chlorination Using Sulfuryl Chloride  310

Free-Radical Chain Chlorination of l-Chlorobutane  313
	         Miniscale Procedure  313
	         Microscale Procedure  314
	       �  Chlorination of Heptane  316
	       �  Chlorination of 2,3-Dimethylbutane  316
9.3	 Bromination: Selectivity of Hydrogen Atom Abstraction  320

�Relative Rates of Free-Radical Chain Bromination  322

Chapter 10	 Alkenes  331
10.1	 Introduction  331
10.2	 Dehydrohalogenation of Alkyl Halides  332

��Base-Promoted Elimination of an Alkyl Halide  334
	 A. Elimination with Alcoholic Potassium Hydroxide  335
	       Miniscale Procedure  335
	       Microscale Procedure  335
	 B. Elimination with Potassium tert-Butoxide  337
	       Miniscale Procedure  337
	     Elimination of Alternate Non-Terminal Alkyl Halides  337
10.3	 Dehydration of Alcohols  342

Dehydration of Alcohols  346
	 �A. Dehydration of 4-Methyl-2-Pentanol  346
	       Miniscale Procedure  346

80461_fm_ptg01_i-xxvi.indd   8 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents ix

	 B. Dehydration of Cyclohexanol  347
	       Miniscale Procedure  347
	       Microscale Procedure  348
	     Elimination of Stereoisomeric Alcohols  349
10.4	 Addition Reactions of Alkenes: Overview  358
10.5	 Addition of Hydrobromic Acid to Alkenes  361

A. Addition of Hydrobromic Acid to 1-Hexene  362
	       Miniscale Procedure  363
	     Analysis of Bromohexanes  364
	       Microscale Procedure  364
	     Analysis of Bromohexanes  365

B. Qualitative Analysis of Alkyl Halides  366
Silver Nitrate Test  366
Sodium Iodide Test  368

10.6	 Bromination of Alkenes  372
A. Bromination of (E)-Stilbene  374

	       Miniscale Procedure  375
	       Microscale Procedure  375
	     Bromination of (E)-Stilbene: The Green Approach  376
	       Miniscale Procedure  376
	       Microscale Procedure  377
	     Bromination of (Z)-Stilbene  377
	     Solvent Effects on the Stereochemistry of Bromination  378
	     Substituent Effects on the Stereochemistry of Bromination  378

B. Bromination of (E)-Cinnamic Acid  378
	       Miniscale Procedure  379
	       Microscale Procedure  379
10.7	 Acid-Catalyzed Hydration of Alkenes  386

Hydration of Norbornene  387
	       Miniscale Procedure  387
10.8	 Hydroboration-Oxidation of Alkenes  391

A. Hydroboration-Oxidation of (+)-a-Pinene  394
	       Miniscale Procedure  395
	     �Regiochemistry of Hydroboration/Oxidation of an  

  Acyclic Alkene  396
	     ��Regio- and Stereochemistry of Hydroboration/Oxidation of a  

  Cyclopentene  396
	       Microscale Procedure  396
	  �   Regiochemistry of Hydroboration/Oxidation of an Acyclic Alkene  397
	     �Regio- and Stereochemistry of Hydroboration/Oxidation of a  

  Cyclopentene  398
B. Derivatization  398
Preparation of Urethanes  399

Chapter 11	 Alkynes  403
11.1	 Introduction  403
11.2	 Dehydrohalogenation of 1,2-Dihaloalkanes  404

80461_fm_ptg01_i-xxvi.indd   9 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



x Table of Contents

Dehydrobromination of Meso-Stilbene Dibromide  405
	       Miniscale Procedure  406
	       Microscale Procedure  406
	       Miniscale Procedure for Microwave Option  407
11.3	 Addition Reactions of Alkynes  410

Preparation of 3-Hydroxy-3-Methyl-2-Butanone  412
	       Miniscale Procedure  412
11.4	 Terminal Alkynes as Acids  417

Formation of a Silver Acetylide and Its Decomposition  417

Chapter 12	 Dienes: The Diels-Alder Reaction  421
12.1	 Introduction  421
12.2	 Mechanistic and Stereochemical Aspects  422
12.3	 Applications of Diels-Alder Reactions  424

Diels-Alder Reaction  426
	 A. Reaction of 1,3-Butadiene and Maleic Anhydride  426
	       Miniscale Procedure  426
	       Microscale Procedure  427
	       Miniscale Procedure for Microwave Option  427
	 B.  Reaction of 1,3-Cyclopentadiene and Maleic Anhydride  428
	       Miniscale Procedure  428
	       Microscale Procedure  429
	 C. Hydrolysis of Anhydrides  430
	       1. 4-Cyclohexene-cis-1,2-Dicarboxylic Acid  430
	       Miniscale Procedure  430
	       Microscale Procedure  431
	       2. Bicyclo[2.2.1]hept-5-Ene-endo-2,3-Dicarboxylic Acid  431
	       Miniscale Procedure  431
	       Microscale Procedure  432
	     Hydrolysis of Anhydrides  432

Chapter 13	 Kinetic and Thermodynamic Control of a Reaction  443
13.1	 Introduction  443
13.2	 Formation of Semicarbazones Under Kinetic and 
	   Thermodynamic Control  446

Kinetic and Thermodynamic Control of a Reaction  448
	 A. Preparation of Cyclohexanone Semicarbazone  449
	 B. Preparation of 2-Furaldehyde Semicarbazone  449
	 C. �Reactions of Semicarbazide with Cyclohexanone  

and 2-Furaldehyde in Phosphate Buffer Solution  449
	D . �Reactions of Semicarbazide with Cyclohexanone  

and 2-Furaldehyde in Bicarbonate Buffer Solution  450
	 E. Tests of Reversibility of Semicarbazone Formation  450
	     Effect of pH on Kinetic vs. Thermodynamic Control  451

Chapter 14	 Nucleophilic Aliphatic Substitution: Preparation of Alkyl Halides  459
14.1	 General Concepts  459
14.2	 Classification of Nucleophilic Substitution Reactions  460
14.3	 Competition Between Substitution and Elimination  462
14.4	 Preparation of 1-Bromobutane: An SN2 Reaction  463

80461_fm_ptg01_i-xxvi.indd   10 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents xi

Preparation of 1-Bromobutane  465
	       Miniscale Procedure  466
	       Microscale Procedure  467
	     Analysis of SN Reactions as a Function of Substrate  467
14.5	 Preparation of 2-Chloro-2-Methylbutane: An SN1 Reaction  471
	 Preparation of 2-Chloro-2-Methylbutane  473
	       Miniscale Procedure  473
	       Microscale Procedure  474
	     Analysis of SN Reactions as a Function of Substrate  475
14.6	� Chemical Kinetics: Evidence for Nucleophilic  

  Substitution Mechanisms  479
Kinetics of Solvolysis of 2-Chloro-2-Methylbutane  483

	       Miniscale Procedure  483
	     Effect of Temperature on Rates of Solvolysis  485
	     Effect of Leaving Group on Rates of Solvolysis  485
14.7	 Competing Nucleophiles in SN Reactions  488

Competing Nucleophiles in SN Reactions  489
	     Microscale Procedure for 1-Butanol and 2-Butanol  489
	     Microscale Procedure for 2-Methyl-2-Propanol  490
14.8	 Competition between Substitution and Elimination  494

Competition Between Substitution and Elimination  495
	 A. �Reactions of 1-Bromohexane with Sodium Methoxide and Potassium 

tert-Butoxide  496
	 B. �Reactions of 2-Bromohexane with Sodium Methoxide and Potassium 

tert-Butoxide  496

Chapter 15	 Electrophilic Aromatic Substitution  499
15.1	 Introduction  499
15.2	 Friedel-Crafts Alkylation of p-Xylene with 1-Bromopropane  500

Friedel-Crafts Alkylation of p-Xylene  503
	       Miniscale Procedure  503
	       Microscale Procedures  505
15.3	 Friedel-Crafts Acylation of Anisole  511

Friedel-Crafts Acylation of Anisole  513
	       Miniscale Procedure  513
	       Microscale Procedure  514
15.4	 Nitration of Bromobenzene  518

Nitration of Bromobenzene  520
	 A. Nitration  521
	       Miniscale Procedure  521
	       Microscale Procedure  522
	 B. Thin-Layer Chromatography  523
	 C. Column Chromatography  523
	       Miniscale Procedure  523
15.5	 Substituent Effects on Electrophilic Aromatic Substitution  528
	 A. Relative Rates of Electrophilic Aromatic Bromination  533
	     1. Qualitative Measurements  534
	           Miniscale Procedure  534
	     2. Quantitative Measurements  534
	           Miniscale Procedure  535

80461_fm_ptg01_i-xxvi.indd   11 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xii Table of Contents

	 B. Electrophilic Aromatic Bromination of Monosubstituted Arenes  541
	     Miniscale Procedure   541
	 C. Nitration of Monosubstituted Arenes  555
15.6	 Azo Dyes and the Chemistry of Dyeing Fabrics  569

Combinatorial Synthesis of Azo Dyes  574

Chapter 16	 Oxidation of Alcohols and Carbonyl Compounds  585
16.1	 Introduction  585
16.2	 Preparation of Aldehydes and Ketones by Oxidation of Alcohols  587

Oxidation of Alcohols  593
	 A. Oxidation of Cyclododecanol to Cyclododecanone  593
	     Miniscale Procedure  594
	 B. Oxidation of 4-Chlorobenzyl Alcohol to 4-Chlorobenzoic Acid  598
	     Miniscale Procedure  598
	     Microscale Procedure  599
	 C. Aerobic Oxidation of Benzylic Alcohols  604
	     Miniscale Procedure  604
	     Microscale Procedure  605
	D . Derivative Preparation  611

Preparation of Semicarbazones  611
Preparation of Oximes  612

16.3	 Base-Catalyzed Oxidation-Reduction of Aldehydes:
	   The Cannizzaro Reaction  613

Base-Catalyzed Oxidation-Reduction of Aldehydes by the  
Cannizzaro Reaction  615

	     Miniscale Procedure  615
	     Microscale Procedure  616

Chapter 17	 Reduction Reactions of Double Bonds: Alkenes, Carbonyl Compounds, and Imines  621
17.1	 Introduction  621
17.2	 Catalytic Hydrogenation of the Carbon-Carbon Double Bond  624

    Catalytic Hydrogenation of Alkenes  626
	 A. Hydrogenation of 4-Cyclohexene-cis-1,2-Dicarboxylic Acid  626
	     Miniscale Procedure  627
	 B. Transfer Hydrogenation of Cinnamic Acid Derivatives  631
	     Miniscale Procedure  632
17.3	 Reduction of Imines; Preparation of Amines  642

Formation and Reduction of N-Cinnamylidene-m-Nitroaniline  644
	     Miniscale Procedure  645
	       Microscale Procedure  646
17.4	 Reduction of Carbonyl Compounds; Preparation of Alcohols  651

Reduction of 9-Fluorenone  652
	     Miniscale Procedure  653
	       Microscale Procedure  654
	     Reduction of 4-tert-Butylcyclohexanone  654
	     Reduction of Benzoin  655
17.5	 Enantioselective Reductions: A Chiral Alcohol from a Ketone  658

A. �Tartaric Acid-Mediated Enantioselective Reduction of Methyl 
Acetoacetate  660

	     Miniscale Procedure  661

80461_fm_ptg01_i-xxvi.indd   12 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents xiii

B. Enzymatic Reduction of Methyl Acetoacetate  664
	     Miniscale Procedure  664

C. Qualitative Analysis  666
Ferric Chloride Test for Phenols and Enols  666

17.6	 Determining Optical Purity  669
Determining Optical Purity of Methyl (S)-(+)-3-  

hydroxybutanoate  670

Chapter 18	 Reactions of Carbonyl Compounds  673
18.1	 Introduction  673
18.2	 The Wittig and Related Reactions  675

Wittig and Horner-Wadsworth-Emmons Reactions  678
	 A. �Preparation of (Z)- and (E)-Stilbenes by a Wittig Reaction  678
	     Miniscale Procedure  678
	     Microscale Procedure  680
	     Wittig Reaction of 9-Anthraldehyde  681
	 B. �Preparation of a Stilbene by the Horner-Wadsworth-Emmons 

Reaction  682
	     Miniscale Procedure  682
	     Microscale Procedure  683
18.3	 Reactions of Stabilized Carbanions from Carbonyl Compounds  689

Preparation of trans-p-Anisalacetophenone  691
	     Miniscale Procedure  692
	     Microscale Procedure  692
	     Synthesis of trans,trans-Dibenzylideneacetone  693
	     Solvent-Free Aldol Condensation  693
18.4	 Conjugate Addition to an a,b-Unsaturated Ketone  697

Preparation of 4,4-Dimethyl-2-Cyclohexen-1-One  700
	     Miniscale Procedure  700
18.5	� Heterocyclic Compounds: Synthesis of  

a 1,2,3,4-Tetrahydropyrimidine-2-One  708
Synthesis of Ethyl 6-Methyl-2-Oxo-4-Phenyl- 

1,2,3,4-Tetrahydropyrimidine-5-Carboxylate  710
	     Miniscale Procedure  710
	     Microscale Procedure  711

Chapter 19	 Organometallic Chemistry  715
19.1	 Introduction  715
19.2	 Grignard Reagents: Preparation  716

Preparation of Grignard Reagents  719
	     Miniscale Procedure  720
	     Microscale Procedure  722
19.3	 Grignard Reagents: Reactions  725
19.4	 Special Experimental Techniques  727

Reactions of Grignard Reagents  728
	 A. �Preparation of Triphenylmethanol  728
	     Miniscale Procedure  728
	     Microscale Procedure  729

80461_fm_ptg01_i-xxvi.indd   13 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xiv Table of Contents

	 B. �Preparation of Benzoic Acid  731
	     Miniscale Procedure  731
	     Exploring the Influence of Mode of Addition  732
	     Microscale Procedure  732
	     Exploring the Influence of Mode of Addition  734
	 C. �Preparation of 2-Methyl-3-Heptanol  734
	     Miniscale Procedure  734
	     Preparation and Characterization of a 3° Alcohol  735
19.5	 Organozinc Reagents: Preparation and Reaction  741

Preparation of 3-Ethylhex-5-En-3-Ol  742
	     Miniscale Procedure  743
	     Microscale Procedure  744
19.6	� Transition Metal Catalyzed Reactions and Procedure for  

Suzuki Reaction  749
Preparation of 4’-Methyl-(1,1’-Biphenyl)-4-Methanol  752

	     Miniscale Procedure  752
	     Microscale Procedure  753

Chapter 20	 Carboxylic Acids and Their Derivatives  759
20.1	 Introduction  759
20.2	 Esters and the Fischer Esterification  762

Fischer Esterification of Carboxylic Acids  764
	 A. �Preparation of Benzocaine  764
	     Miniscale Procedure  764
	     Miniscale Procedure for Microwave Option  765
	     Microscale Procedure  766

	     B. �Identifying Unknown Esters Produced by Fischer Esterification  770
	     Miniscale Procedure  771
	     Miniscale Procedure for Microwave Option  771
20.3	 Amides and Insect Repellents  773

Preparation of N,N-Diethyl-m-Toluamide  775
	     Miniscale Procedure  776
	     Microscale Procedure  778
20.4	 Amides and Chemiluminescence  782

Preparation and Chemiluminescence of Luminol  787
	 A. �Preparation of Luminol  787
	     Miniscale Procedure  787
	     Microscale Procedure  788
	 B. �Chemiluminescence  788
	     Miniscale Procedure  788
	     Microscale Procedure  789

Chapter 21	 Multistep Organic Synthesis  795
21.1	 Introduction  795
21.2	 Sulfanilamide: Discovery and Synthesis of the First Antibiotic  796

Synthesis of Sulfanilamide  803

80461_fm_ptg01_i-xxvi.indd   14 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents xv

	 A. �Preparation of Aniline  803
	     Miniscale Procedure  804
	 B. �Preparation of Acetanilide  805
	     Miniscale Procedure  805
	 C. �Preparation of 4-Acetamidobenzenesulfonyl Chloride  806
	     Miniscale Procedure  807
	D . �Preparation of 4-Acetamidobenzenesulfonamide  808
	     Miniscale Procedure  808
	 E. �Preparation of Sulfanilamide  809
	     Miniscale Procedure  809
21.3	 Synthesis of 1-Bromo-3-Chloro-5-Iodobenzene  818

Synthesis of 1-Bromo-3-Chloro-5-Iodobenzene  823
	 A. �Preparation of Aniline and Acetanilide  823
	 B. �Preparation of 4-Bromoacetanilide  823
	     Miniscale Procedure  824
	     Microscale Procedure  824
	 C. �Preparation of 4-Bromo-2-Chloroacetanilide  825
	     Miniscale Procedure  825
	     Microscale Procedure  825
	D . �Preparation of 4-Bromo-2-Chloroaniline  826
	     Miniscale Procedure  826
	     Microscale Procedure  827
	 E. �Preparation of 4-Bromo-2-Chloro-6-Iodoaniline  828
	     Miniscale Procedure  828
	     Microscale Procedure  829
	 F. �Preparation of 1-Bromo-3-Chloro-5-Iodobenzene  830
	     Miniscale Procedure  830
	     Microscale Procedure  831
21.4	 Lidocaine: Synthesis of an Anesthetic Agent  839

Synthesis of Lidocaine  843
	 A. �Preparation of 2,6-Dimethylaniline  843
	     Miniscale Procedure  844
	     Microscale Procedure  845
	 B. �Preparation of a-Chloro-2,6-Dimethylacetanilide  846
	     Miniscale Procedure  846
	     Microscale Procedure  846
	 C. �Preparation of Lidocaine  847
	     Miniscale Procedure  847
	     Microscale Procedure  849

Chapter 22	 Polymers  855
22.1	 Introduction  855
22.2	 Chain-Reaction Polymerization  857

Preparation of Polystyrene  860
	     Miniscale Procedure  860
	 A. �Removal of the Inhibitor from Commercial Styrene  860
	 B. �Polymerization of Pure Styrene  861

80461_fm_ptg01_i-xxvi.indd   15 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xvi Table of Contents

	 C. �Solution Polymerization of Styrene  861
	     Stability of Polystyrene toward Organic Solvents  862
	     Polymers and Water  862
	     Cross-Linking of Polymers  863
22.3	 Step-Growth Polymerization  866

Preparation of Nylon-6,10  870
	     Miniscale Procedure  870

Chapter 23	 Carbohydrates  875
23.1	 Introduction  875
23.2	 Monosaccharides: General Principles  876
23.3	 Disaccharides: Hydrolysis of Sucrose  877

Hydrolysis of Sucrose  879
	     Miniscale Procedure  879
23.4	� Carbohydrates: Their Characterization and  

Identification  882
Classification Tests for Carbohydrates  883

	     Microscale Procedure  884
Tollens’s Test  884
Benedict’s Test  885
Barfoed’s Test  885
Formation of Osazones  888

	     Microscale Procedure  888

Chapter 24	 a-Amino Acids and Peptides  891
24.1	 Introduction  891
24.2	 Synthesis of Peptides and Polypeptides  894
24.3	 Synthesis of the Protected Dipeptide Ala–Phe–OMe  895

A. Preparation of N-tert-Butoxycarbonyl l-Alanine  899
	     Miniscale Procedure  899
	     Microscale Procedure  900

B. Preparation of Methyl l-Phenylalaninate Hydrochloride  901
	     Miniscale Procedure  902
	     Microscale Procedure  902

C. �Preparation of Methyl N-tert-Butoxycarbonyl  
l-Alanyl-l-Phenylalaninate  903

	     Miniscale Procedure  903
	     Microscale Procedure  904

D. �Preparation of Methyl l-Alanylphenyl-l-Alaninate  
Trifluoroacetate  905

	     Miniscale Procedure  906
	     Microscale Procedure  906
	     Synthesis of l-Alanyl-l-Phenylalanine  907

80461_fm_ptg01_i-xxvi.indd   16 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents xvii

Chapter 25	 Identifying Organic Compounds
25.1	 Introduction
25.2	 Overview of Organic Analysis
25.3	� Classic Qualitative Analysis Procedure to Identify  

  a Pure Compound
Elemental Analysis

	 A. �Sodium Fusion 
Sodium-Lead Alloy Method 
Sodium Metal Method

	 B. Qualitative Analysis for Halogens, Sulfur, and Nitrogen
Solubility

	 A. Water
	 B. Acids and Bases
25.4	 Separating Mixtures of Organic Compounds

Separating Mixtures on the Basis of Solubility
25.5	 Applying Spectroscopic Methods to Qualitative Organic Analysis
25.6	 Qualitative Classification Tests and Preparation of Derivatives
25.7	 Aldehydes and Ketones

2, 4-Dinitrophenylhydrazine Test for Aldehydes  
and Ketones

Schiff’s Test for Aldehydes
Tollens’s Test for Aldehydes
Chromic Acid Test for Aldehydes and 1° and 2° Alcohols
Iodoform Test
Preparation of Semicarbazones
Preparation of Oximes

25.8	 Alkenes and Alkynes
Bromine Test for Unsaturation
Baeyer Test for Unsaturation

25.9	 Alkyl Halides
Silver Nitrate Test for Alkyl Halides
Sodium Iodide Test for Alkyl Chlorides and Bromides

25.10	 Aromatic Hydrocarbons and Aryl Halides
Friedel-Crafts Reaction for Detecting Arenes
Preparation of Nitroarenes
Side-Chain Oxidation of Arenes

25.11	 Alcohols
Lucas Test for Alcohols
Preparation of Urethanes
Preparation of 3,5-Dinitrobenzoates

25.12	 Phenols
Bromine Water Test for Phenols
Ceric Nitrate Test for Alcohols and Phenols
Ferric Chloride Test for Phenols and Enols
Preparation of Bromophenols

Historical 
Highlights, 
Chapter 25, 
and Chapter 26 
are available  
online only.  
Refer to the  
online  
resources to  
access these 
two chapters 
and Historical 
Highlights.

80461_fm_ptg01_i-xxvi.indd   17 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xviii Table of Contents

25.13	 Carboxylic Acids
Determination of Equivalent Mass of an Acid
Preparation of Amides

25.14	 Amines
Hinsberg Test for Amines
Ramini and Simon Tests for Amines
Preparation of Benzamides, Benzenesulfonamides,  

and Methiodides
25.15	 Nitro Compounds

Hydroxide Test for Nitro Compounds
Reduction of Nitro Compounds

25.16	 Esters
Hydroxylamine Test for Esters
Determination of Saponification Equivalent
Base-Promoted Hydrolysis of Esters

25.17	 Nitriles
Hydroxylamine Test for Nitriles
Hydrolysis of Nitriles

25.18	 Amides
Base-Promoted Hydrolysis of Amides

Chapter 26	 The Literature of Organic Chemistry
26.1	 Introduction
26.2	 Classification of the Literature
26.3	 Using the Literature of Organic Chemistry

Historical  
Highlight:

	 The Importance of Record Keeping

	 Polymorphism

	 Reducing Automobile Emissions

	 Natural Products 

	 Who’s Taking What? Analysis of Biological Fluids for Illegal Substances 

	 Discovery of Stereoisomers 

	 Medical Diagnostics via Nuclear Magnetic Resonance Spectroscopy 

	 Keeping It Cool 

	 Additions across Carbon-Carbon p-Bonds 

	 Acetylene: A Valuable Small Molecule 

	 Discovery of the Diels-Alder Reaction 

	 Discovery of the Friedel-Crafts Reaction 

	 Green Chemistry 

	 Chiral Drugs 

	 The Wittig Reaction 

	 Grignard and the Beginnings of Modern Organometallic Chemistry 

	 Evolution of Synthetic Analgesics 

80461_fm_ptg01_i-xxvi.indd   18 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Table of Contents xix

	 Discovery of Sulfa Drugs 

	 Discovery of Polyethylene and Nylon 

	 Emil Fischer: Carbohydrate Chemist Extraordinaire 

	� Invention of a Method for Solid-Phase Peptide Synthesis 

Index  917

80461_fm_ptg01_i-xxvi.indd   19 29/10/14   5:17 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



80461_fm_ptg01_i-xxvi.indd   20 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



xxi

Preface

The management and teaching of an introductory laboratory course in organic chem-
istry is ever-changing, even though the fundamental chemical principles remain the 
same. Some of the compelling reasons for innovation and change are linked to the 
increasing cost associated with purchase and disposal of the chemicals used. There is 
the added concern of their possible toxicological hazards, both to students and to the 
environment. These factors dictate that many experiments be performed on reduced 
scales according to procedures commonly termed as miniscale (sometimes called 
small-scale) and microscale. This edition of our textbook maintains our practice of pro-
viding both miniscale and microscale procedures for most experiments. This unusual 
feature gives instructors maximal flexibility in customizing the course for use of appa-
ratus and glassware already on hand and to suit the specific needs of you, the student.

The experiments are thoughtfully selected to introduce you to the common labo-
ratory practices and techniques of organic chemistry and to illustrate the chemistry 
of the wide range of functional groups that are present in organic molecules. Some 
experiments are designed to familiarize you with the kinetic and thermodynamic 
principles underlying chemical reactions. Others allow you to synthesize specific 
compounds—some of which are found in nature or are of commercial importance—
using reactions that are fundamental to organic synthesis. Still others introduce 
you to discovery-based and green-chemistry approaches. The discovery-based proce-
dures—there are more than 50 of these in this edition—allow you to develop your 
own protocols for addressing a particular question experimentally, as you might do 
in a research laboratory. Discovery experiments are listed inside the front cover and 
are indicated when they appear in the book with the magnifying glass icon shown 
in the margin. The five procedures involving green chemistry show you how some 
chemical transformations may be performed using more environmentally friendly 
procedures. Green chemistry experiments are indicated when they appear in the 
book with the leaf icon shown in the margin. Most of the chapters are accompanied 
by a Historical Highlight, which are only available online. These 21 essays focus on 
interesting topics in organic chemistry that we believe will broaden your interest in 
the subject. Overall, our hope is that your experiences in this course will inspire you 
to take additional laboratory and lecture courses in chemistry, to seize the opportu-
nity to work in a research laboratory as an undergraduate student, and perhaps even 
to pursue a career in research.

Background Information	 Our textbook is distinct from many other laboratory manuals because the focused 
discussions preceding each Experimental Procedure provide the essential theo-
retical and “how-to” background, so other sources need not be consulted in order 
to understand the mechanistic and practical aspects of the specific reactions and 
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procedures being performed. These discussions offer the advantage of making the 
textbook self-contained, and because they focus on the experiments themselves, 
they also significantly augment the material found in your lecture textbook.

Experimental Procedures	 The miniscale approach appeals to instructors who believe in the importance of 
performing experiments on a scale that allows isolation and characterization 
of products using conventional laboratory glassware. The quantities of starting 
materials used are usually in the range of 1–3 g, so the costs associated with 
purchasing and disposing of the chemicals are modest. The amounts of material 
may be easily handled, and it is possible to develop the techniques required to 
purify the products and characterize them by comparing their physical prop-
erties with those reported in the scientific literature. You will also be able to 
characterize the starting materials and products by spectroscopic techniques, so 
that you can see how their spectral properties differ. In short, you will be able 
to experience the real world of organic chemistry in which usable quantities of 
compounds are synthesized.

The microscale approach is especially attractive for minimizing the cost of pur-
chasing and disposing of chemicals. The specialized glassware and other appa-
ratus required for performing experiments on such small scales is now readily 
available. Indeed, many of the components found in a microscale kit are also 
found in the advanced organic laboratory, where trained researchers often work 
with minute amounts of material. The amounts of starting materials that are used 
in these procedures are often only 100–300 mg. Because of the small quantities 
of materials being handled, you must be meticulous in order to isolate products 
from microscale reactions. Purifying small quantities of materials by distillation 
or recrystallization is often tedious, so it will frequently be impractical to char-
acterize pure products. Nevertheless, the experiments performed on the micro-
scale should provide tangible quantities of material so that you can verify that 
the product was formed using chemical tests as well as some spectroscopic and 
analytical techniques.

Organization	 The experiments we have included are intended to reinforce concepts given in the 
lecture course in organic chemistry and to familiarize you with the techniques that 
modern organic chemists routinely use. The basic types of apparatus you will need 
are described in Chapter 2. In addition, videos illustrating the steps required to as-
semble many of the set-ups are available online, and we urge you to view these prior 
to going to the laboratory. In subsequent chapters, we provide figures in the margins 
of the pages to remind you how the assembled apparatus appears. The procedures 
in Chapters 3–6 are designed to introduce you to the different techniques for distil-
lation, liquid-liquid and liquid-solid extraction, and thin-layer, column, and gas-
liquid chromatography; the basic principles for these techniques are also described 
in their respective chapters. The spectroscopic methods that are fundamental to 
analyzing organic compounds are described in Chapter 8. Experiments that illus-
trate concepts such as selectivity of free-radical substitution (Chapter 9), kinetic and 
thermodynamic control of reactions (Chapter 13), kinetics of nucleophilic substitu-
tion reactions (Chapter 14), kinetics and regiochemistry of electrophilic aromatic 
substitution reactions (Chapter 15), and the stereochemistry and regiochemistry of 
addition reactions (Chapters 10, 11, 12, and 17) are intended to provide a better un-
derstanding of these important subjects. Other experiments illustrate specific chem-
ical transformations such as the generation, reactions, and rearrangements of car-
bocations (Chapters 10 and 15), electrophilic aromatic and nucleophilic substitution 
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Preface xxiii

processes (Chapters 15 and 14, respectively), eliminations (Chapters 10 and 11), oxi-
dations and reductions (Chapters 16 and 17, respectively), nucleophilic additions to 
carbonyl compounds and imines (Chapters 17 and 18, respectively), the generation 
and reactions of Grignard and organozinc reagents (Chapter 19), and the formation 
of various carboxylic acid derivatives (Chapter 20). An experiment in Chapter 15 
will introduce you to the fun of making your own dyes, and in Chapter 20 you will 
be able to observe the fascinating phenomenon of chemiluminescence. The value of 
enzymes for effecting enantioselective reactions is illustrated in Chapter 17. Because 
the current practice of organic chemistry in industry frequently involves multistep 
transformations, several examples of multi step synthesis are contained in Chapter 21.  
Many industrial processes rely on the use of transition-metal catalysts, and you will 
be able to study one such reaction in Chapter 19. Experiments designed to introduce 
you to basic concepts of carbohydrate chemistry and polymer chemistry are pro-
vided in Chapters 22 and 23, respectively, and the experiments given in Chapter 24 
give you an opportunity to explore one aspect of the world of bio-organic chemistry 
through synthesis of a dipeptide. A rational approach to solving the structures of 
unknown compounds with and without the aid of spectroscopic data is given in 
Chapter 25, which is available online.

Spectroscopic Techniques	 Spectroscopy may be the single most powerful tool for analyzing organic com-
pounds. Consequently, thorough discussions of the theory and practical techniques 
for infrared, nuclear magnetic resonance (including 1H and 13C NMR), UV-Vis, and 
mass spectrometry are presented in Chapter 8. To reinforce the basic spectroscopic 
principles and to provide an opportunity for interpreting spectroscopic data, the 
infrared and nuclear magnetic spectra of all of the organic starting materials and 
products are provided in this textbook and online. It is also possible for you to per-
form simple manipulations of the 1H NMR and IR spectra that are available at the 
website. For example, you will be able to measure chemical shifts, integrals, and 
coupling constants directly on the 1H NMR spectra. You will also be able to de-
termine the position of an absorption in the IR spectrum that is associated with a 
specific functional group. This “hands-on” experience has proved an invaluable aid 
in teaching the basics of interpreting 1H NMR and IR spectra and is unique to this 
laboratory textbook.

Safety and the Environment	 Important sections entitled “Safety Alert” and “Wrapping It Up” are included with 
each experimental procedure. The information in the “Safety Alert” is designed to 
inform you and your instructor of possible hazards associated with the operations 
being performed. The abbreviated Material Safety Data Sheets (MSDSs) are avail-
able online and provide additional information regarding flammability and toxico-
logical properties of the chemicals being used and produced. Because of the flam-
mable nature of the solvents and the chemicals that are handled in the laboratory, 
the use of flameless heating is emphasized and should be implemented in order to 
make the laboratory a safe workplace. The guidelines and methods in the “Wrap-
ping It Up” section will familiarize you with the proper procedures for disposing of 
chemicals and other by-products after you have completed the experiment. Using 
these recommended methods will help protect the environment and lessen the costs 
associated with the ultimate disposal of these materials.

Essays	 A feature of most of the chapters in the textbook is a Historical Highlight which are 
only available online. These 21 essays, some of which are biographical in nature, 
are designed to familiarize you with the lives of some of the chemical pioneers who 
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have advanced science. These accounts will also provide you with a sense of the 
excitement and insights of individuals whose scientific observations form the basis 
for some of the experiments you will perform. Other essays are intended to relate 
organic chemistry to your everyday life. We hope they will whet your appetite for 
the subject of organic chemistry and enrich your experience as you further develop 
your scientific expertise.

Pre-Lab and Post-Lab Exercises	 Each experiment is accompanied by two sets of questions. The Pre-Lab Exercises 
are provided online and are designed to test your understanding of potential safety 
hazards and basic concepts, so you will be able to perform the experiments and 
techniques safely and successfully. Because these questions will assist you in pre-
paring for work in the laboratory, we strongly recommend that you answer them 
before performing the experiment. The Post-Lab Exercises are found under the head-
ing “Exercises” after each Experimental Procedure. These questions are written to 
reinforce the principles that are illustrated by the experiments and to determine 
whether you understand the observations you have made and the operations you 
have performed. Furthermore, questions on spectroscopy will help you develop the 
skills required to interpret IR and 1H and 13C NMR spectra.

Significant Changes from	 This edition of the textbook includes a total of 15 new experiments. Ten of these are 
discovery experiments in which you will have an opportunity to identify unknown 
compounds and to explore reactivity and mechanism. Three new green chemistry 
experiments have been added that will enable you to learn how chemical reactions 
can be performed in an environmentally friendly manner. Finally, four experiments 
have been added so you can explore several modern methods to induce selective 
transformations.

Chapter 25—Identifying Organic Compounds and Chapter 26—The Literature of 
Organic Chemistry  and the Historical Highlights are only available online. Moving 
these documents online provided space to add new experiments in various chapters 
as needed.

This edition includes a new OWLv2 LabSkills program that can be bundled 
with the textbook. LabSkills provides students the opportunity to practice skills and 
prepare for real laboratory classes in a safe environment. Students work through the 
assignments in advance of the lab so they can actively rehearse common practical 
techniques by engaging with simulations, videos, and quizzes. Because LabSkills 
focuses on techniques, instructors can customize assignments to align with the ex-
periments that students will perform in any given lab session. The online course 
will also offer assessment specific to this edition’s experiments, and include a Mind-
Tap Reader. The new OWLv2 course with MindTapReader includes assignable pre-
lab exercises integrated with LabSkills Safety and Techniques videos. All content is 
mobile compatible. The eBook contains interactive spectra.

Feedback	 As always, we seek your comments, criticisms, and suggestions for improving 
our textbook. Despite our best efforts, we are certain that there are typographi-
cal errors and the like that have escaped our notice, and we would appreciate 
your bringing them to our attention; our e-mail and snail-mail addresses are 
provided below. No matter how busy we might be, we shall respond to any 
messages you send.

Supporting Materials	 Please visit http://www.cengage.com/chemistry/gilbert/eoc6e for information about  
student and instructor resources for this book and about custom versions.

the Fifth Edition

80461_fm_ptg01_i-xxvi.indd   24 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Preface xxv

Acknowledgments	 As with previous editions, we are grateful to a number of individuals who contrib-
uted to making this one a reality. These include Kevin Cannon (Penn State Abington 
College), Elliot Ennis (Missouri Southern State University), David Flaxbart (The 
University of Texas, Austin), Deborah Lieberman (University of Cincinnati), Robert 
Long (Texas Tech University), Barbara Mayer (California State University, Fresno), 
ArtemMelman (Clarkson University), Cornelia Mihai (Northwestern Oklahoma 
State University), Felix Ngassa (Grand Valley State University), Christine Pruis 
(Arizona State University), Narayan Sharma (State University of New York Institute 
of Technology), and Richard Sheardy (Texas Woman’s University). Dr. Warren 
Martin (Texas Radiology Associates) kindly provided the MRI images and inter-
pretations accompanying the Historical Highlight in Chapter 8. We are also grateful 
to Professor Scott Bur (GustavusAdolphus College), Professor Shannon Stahl and 
Dr. Nicholas Hill (The University of Wisconsin, Madison), and Dr. John Colapret 
and Dr. Conrad Fjetland (The University of Texas, Austin) for developing new 
experimental procedures contained in this edition. Graduate students, Katherine 
Ambrose, Alexander Goodnough, Daniel Klosowski, and Rachel Wypych (all of The 
University of Texas, Austin) also assisted with developing new procedures. We thank 
OpenEye Scientific Software of Santa Fe, New Mexico (http://www.eyesopen.com) 
for granting permission to use VIDA v4.4.0 to generate images for the cover, and 
Zachary White and Kristina Mose-Libon for helping to create the cover design. The 
capable staff at Cengage Learning provided invaluable support as we prepared this 
edition. We particularly acknowledge the efforts of Krista Mastroianni, the Product 
Manager, and Thomas Martin, the Content Developer, for their wise counsel and 
diligence that helped make this new edition a reality, and Greg Teague for his care-
ful copyediting of the manuscript. We acknowledge the use of 13C NMR spectra 
data from the Spectral Database for Organic Compounds of the JapaneseNational 
Institute of Advanced Industrial Science and Technology and also Aldrich Chemical 
Company, and of mass spectral data from the NIST database. We also thank Bill 
Vining of SUNY Oneonta and Bill Rohan, Cow Town Productions, for developing 
the Web-based information.

John C. Gilbert
jgilbert@scu.edu

Department of Chemistry & Biochemistry
Santa Clara University
Santa Clara, CA 95053

Stephen F. Martin
sfmartin@mail.utexas.edu
Department of Chemistry

The University of Texas at Austin
Austin, TX 78712

80461_fm_ptg01_i-xxvi.indd   25 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



80461_fm_ptg01_i-xxvi.indd   26 28/10/14   12:52 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



1

C h a p t e r 

Introduction, Record Keeping, 
and Laboratory Safety

This chapter sets the stage as you undertake the adventure of experimental organic 
chemistry. Although we may be biased, we think that this laboratory experience is 
one of the most valuable you will have as an undergraduate student. There is much 
to be learned as you progress from the relatively structured format of your first labo-
ratory course in organic chemistry to the much less defined experimental protocols 
of a scientific research environment. The laboratory practices described in the fol-
lowing sections should serve you well in the journey.

1.1  I n t r o d u c t i o n
The laboratory component of a course in organic chemistry has an important role 
in developing and augmenting your understanding of the subject matter. The theo-
retical concepts, functional groups, and reactions presented in the lecture part of 
the course may seem abstract at times, but they are more understandable as a result 
of the experiments you perform. The successes, challenges, and, yes, frustrations 
associated with the “hands-on” experience gained in the laboratory, as you gather 
and interpret data from a variety of reactions, provide a sense of organic chemistry 
that is nearly impossible to communicate in formal lectures. For example, it is one 
thing to be told that the addition of bromine (Br2) across the p-bond of most alkenes 
is a rapid process at room temperature. It is quite another to personally observe 
the immediate decoloration of a reddish solution of bromine in dichloromethane  
(Br2/CH2Cl2) as a few drops of it are added to cyclohexene. The principles devel-
oped in the lectures will help you to predict what reaction(s) should occur when 
various reagents are combined in experimental procedures and to understand the 
mechanistic course of the process(es). Performing reactions allows you to test and 
verify the principles presented in lecture. Moreover, careful and thoughtful analy-
sis of the observations and results of the experiments will foster the skills in critical 
thinking that are a hallmark of successful scientists.

Of course, the laboratory experience in organic chemistry has another impor-
tant function beyond reinforcing the concepts presented in lecture—to introduce 
you to the broad range of techniques and procedures that are important to the suc-
cessful practice of experimental organic chemistry. You will learn how to handle 
a variety of chemicals safely and how to manipulate apparatus properly, talents 
that are critical to your success as a student of the chemical sciences. Along with 
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2 Experimental Organic Chemistry  ■   Gilbert and Martin

becoming more skilled in the technical aspects of laboratory work, you should also 
develop a proper scientific approach to executing experiments and interpreting the 
results. By reading and, more importantly, understanding the concepts of this chap-
ter, you will be better able to achieve these valuable goals.

1.2 P  r e p a r i n g  f o r  t h e  L a b o r a t o r y
A common misconception students have about performing experiments is that it is 
much like cooking; that is, you merely follow the directions given—the “recipe”—
and the desired product or data will result. Such students enter the laboratory 
expecting to follow the experimental procedure in a more or less rote manner. This 
unfortunate attitude can lead to inefficiencies, accidents, and minimal educational 
benefit and enjoyment from the laboratory experience.

To be sure, cooking is somewhat analogous to performing experiments. The suc-
cessful scientist, just like a five-star chef, is a careful planner, a diligent worker, a keen 
observer, and, importantly, is fully prepared for failures! Experiments may not work 
despite your best efforts, just as a cake may fall even in the hands of a premier pastry chef.

The correct approach to being successful in the laboratory is never to begin any 
experiment until you understand its overall purpose and the reasons for each oper-
ation that you are to do. This means that you must study, not just read, the entire 
experiment prior to arriving at the laboratory. Rarely, if ever, can you complete the 
necessary preparation in 5 or 10 minutes, which means that you should not wait 
until just before the laboratory period begins to do the studying, thinking, and writ-
ing that are required. Planning how to spend your time in the laboratory is the key 
to efficient completion of the required experiments. Your performance in the labora-
tory will benefit enormously from proper advance work, and so will your grade!

The specific details of what you should do before coming to the laboratory will 
be provided by your instructor. However, to help you prepare in advance, we have 
developed a set of Pre-Lab Exercises for each of the experimental procedures we 
describe. These exercises are Web-based and are available online.

Your instructor may require you to submit answers to the Pre-Lab Exercises for 
approval before authorizing you to proceed with the assigned experiments. Even if 
you are not required to submit the exercises, though, you will find that answering 
them prior to the laboratory period will be a valuable educational tool to self-assess 
your understanding of the experiments to be performed.

You undoubtedly will be required to maintain a laboratory notebook, which 
will serve as a complete, accurate, and neat record of the experimental work that 
you do. Once more, your instructor will provide an outline of what specific infor-
mation should appear in this notebook, but part of what is prescribed will probably 
necessitate advance preparation, which will further enhance your ability to com-
plete the experiments successfully. The laboratory notebook is a permanent record of 
your accomplishments in the course, and you should take pride in the quality and 
completeness of its contents!

1.3  W o r k i n g  i n  t h e  L a b o r a t o r y
You should be aware that experimental organic chemistry is potentially danger-
ous, because many of the chemicals used are toxic and/or highly flammable, and 
most of the procedures require the use of glassware that is easily broken. Careless 
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Chapter 1  ■   Introduction, Record Keeping, and Laboratory Safety 3

handling of these chemicals and sloppy assembly of apparatus are sources of dan-
ger not only to you but also to those working near you. You should not be afraid 
of the chemicals and equipment that you will be using, but you should treat them 
with the respect and care associated with safe experimental practices. To facili-
tate this, there is an emphasis on the proper handling of chemicals and apparatus 
throughout the textbook, and the importance of paying particular attention to these 
subjects cannot be overemphasized. In a sense, laboratory safety is analogous to a 
chain that is only as strong as its weakest link: The possibility that an accident will 
occur is only as great as the extent to which unsafe practices are followed. In other 
words, if you and your labmates adhere to proper laboratory procedures, the risk 
of an accident will be minimized.

It is important that you follow the experimental procedures in this textbook 
closely. There is a good reason why each operation should be performed as it is 
described, although that reason may not be immediately obvious to you. Just as 
it is risky for a novice chef to be overly innovative when following a recipe, it is 
dangerous for a beginning experimentalist to be “creative” when it comes to modify-
ing the protocol that we’ve specified. As you gain experience in the organic labora-
tory, you may wish to develop alternative procedures for performing a reaction or 
purifying a desired product, but always check with your instructor before trying any 
modifications.

Note that rather detailed experimental procedures are given early in the text-
book, whereas somewhat less detailed instructions are provided later on. This is 
because many of the basic laboratory operations will have become familiar to you 
in time and need not be spelled out explicitly. It is hoped that this approach to 
the design of procedures will decrease your tendency to think that you are essen-
tially following a recipe in a cookbook. Moreover, many of the experimental pro-
cedures given in the literature of organic chemistry are relatively brief and require 
the chemist to “fill in the blanks,” so it is valuable to gain some initial experience in 
figuring out some details on your own.

Most of your previous experience in a chemistry laboratory has probably 
required that you measure quantities precisely, using analytical balances, burets, 
pipets, and other precise measuring devices (Secs. 2.5 and 2.6). Indeed, if you have 
done quantitative inorganic analysis, you know that it is often necessary to mea-
sure weights to the third or fourth decimal place and volumes to at least the first. 
Experiments in organic chemistry that are performed at the microscale level, that is, 
experiments in which less than about 1 mL of the principal reagents is used and the 
amounts of solvents are less than 2 or 3 mL, also require relatively precise measuring 
of quantities. For example, if you are to use 0.1 g of a reagent and your measuring 
device only allows measuring to the nearest 0.1 g, you could easily have as much as 
about 0.15 g or as little as 0.05 g of the reagent. Such deviations from the desired quan-
tity represent significant percentage errors in measurement and can result in serious 
errors in the proportions of reagents involved in the reaction. Consequently, weights 
should be accurate to within about 0.01 g and volumes to within about 0.1 mL.  
This requires the use of appropriate analytical balances and graduated pipets.

Experiments being performed at the miniscale level, which we define as 
involving 1–5 g of reagents and usually less than about 25 mL of solvent, normally 
do not require such precise measuring. Weighing reagents to the nearest tenth of 
a gram is usually satisfactory, as is measuring out liquids in graduated cylinders, 
which are accurate to ±10%. For example, if you are directed to use 20 mL of diethyl 
ether as solvent for a reaction, the volume need not be 20.0 mL. In fact, it probably 
will make little difference to the success of the reaction whether anywhere from 
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4 Experimental Organic Chemistry  ■   Gilbert and Martin

15 mL to 25 mL of the solvent is added. This is not to say that care need not be exer-
cised in measuring out the amounts of materials that you use. Rather, it means that 
valuable time need not be invested in making these measurements highly precise.

We’ve inserted markers in the form of stars (★) in many of the experimental 
procedures in this textbook. These indicate places where the procedure can be inter-
rupted without affecting the final outcome of the experiment. These markers are 
designed to help you make the most efficient use of your time in the laboratory. For 
example, you may be able to start a procedure at a point in the period when there 
is insufficient time to complete it but enough time to be able to work through to 
the location of a star; you can then safely store the reaction mixture and finish the 
sequence during the next laboratory period. We’ve not inserted stars at every pos-
sible stopping point but only at those where it is not necessarily obvious that inter-
ruption of the procedure will have no effect on the experimental results. Consult 
your instructor if in doubt about whether a proper stopping point has been reached.

As noted above, a carefully written notebook and proper safety procedures are 
important components of an experimental laboratory course. These aspects are dis-
cussed further in the following two sections.

1.4 T  h e  L a b o r a t o r y  N o t e b o o k
One of the most important characteristics of successful scientists is the habit of keep-
ing a complete and understandable record of the experimental work that has been 
done. Did a precipitate form? Was there a color change during the course of the 
reaction? At what temperature was the reaction performed, and for how long did 
the reaction proceed? Was the reaction mixture homogeneous or heterogeneous? 
On what date(s) was the work performed? These are observations and data that 
may seem insignificant at the time but may later prove critical to the interpretation 
of an experimental result or to the ability of another person to reproduce your work. 
All of them belong in a properly kept laboratory notebook. We make suggestions for 
such a document in the following two sections. Your instructor may specify other 
items to be included, but the list we give is representative of a good notebook.

1.5 G  e n e r a l  P r o t o c o l  f o r  t h e  L a b o r a t o r y  N o t e b o o k
	 1.	 Use a bound notebook for your permanent laboratory record to minimize the 

possibility that pages will be lost. If a number has not been printed on each 
page, do so manually. Some laboratory notebooks are designed with pairs of 
identically numbered pages so that a carbon copy of all entries can be made. 
The duplicate page can then be removed and submitted to your instructor or 
put in a separate place for safekeeping. Many professional scientists use this 
type of notebook.

	 2.	 Reserve the first page of the notebook for use as a title page, and leave several 
additional pages blank for a Table of Contents.

	 3.	 Use as the main criterion for what should be entered in the notebook the rule 
that the record should be sufficiently complete so that anyone who reads it will 
know exactly what you did and will be able to repeat the work in precisely the 
way you originally did it.
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Chapter 1  ■   Introduction, Record Keeping, and Laboratory Safety 5

	 4.	Record all experimental observations and data in the notebook as they are 
obtained. Include the date and, if appropriate, the time when you did the 
work. In a legal sense, the information entered into the notebook at the time 
of performance constitutes the primary record of the work, and it is important 
for you to follow this principle. Many patent cases have been determined on 
the basis of dates and times recorded in a laboratory notebook. One such ex-
ample is described in the Historical Highlight The Importance of Record Keep-
ing, which is available online.

	 5.	 Make all entries in ink, and do not delete anything you have written in the note-
book. If you make a mistake, cross it out and record the correct information. 
Using erasers or correction fluid to modify entries in your notebook is unac-
ceptable scientific practice!

Do not scribble notes on odd bits of paper with the intention of recording 
the information in your notebook later. Such bad habits only lead to problems, 
since the scraps of paper are easily lost or mixed up. They are also inefficient, 
since transcribing the information to your notebook means that you must 
write it a second time. This procedure can also result in errors if you miscopy 
the data.

Finally, do not trust your memory with respect to observations that you 
have made. When the time comes to write down the information, you may have 
forgotten a key observation that is critical to the success of the experiment.

	 6.	 Unless instructed to do otherwise, do not copy detailed experimental procedures 
that you have already written elsewhere in your notebook; this consumes valu-
able time. Rather, provide a specific reference to the source of the detailed pro-
cedure and enter a synopsis of the written procedure that contains enough infor-
mation that (1) you need not refer to the source while performing the procedure 
and (2) another chemist will be able to duplicate what you did. For example, 
when performing an experiment from this textbook, give a reference to the page 
number on which the procedure appears, and detail any variations made in the 
procedure along with the reason(s) for doing so.

	 7.	 Start the description of each experiment on a new page titled with the name of 
the experiment. The recording of data and observations from several different 
procedures on the same page can lead to confusion, both for yourself and for 
others who may read your notebook. If you are unable to complete the write-up 
of an experiment on sequential pages, be certain to specify the page(s) on which 
the continuation appears.

1.6 T  y p e s  o f  O r g a n ic   E x p e r i m e n t s  
a n d  N o t e b o o k  F o r m a t s

There are two general classes of experiments, investigative and preparative, in this 
textbook. Investigative experiments normally involve making observations and 
learning techniques that are common to laboratory work in organic chemistry but 
do not entail conversion of one compound into another. Some examples are solubil-
ity tests, distillation, recrystallization, and qualitative organic analysis. In contrast, 
preparative experiments involve interconversion of different compounds. Most of 
the procedures described in this textbook fall into the latter category.
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The format of the laboratory notebook is usually different for these two types 
of experiments. Once again, your instructor may have a particular style that is rec-
ommended, but we provide suggested formats below.

	 1.	 Heading. Use a new page of the notebook to start the entries for the experi-
ment. Provide information that includes your name, the date, the title of the 
experiment, and a reference to the place in the laboratory textbook or other 
source where the procedure may be found.

	 2.	 Introduction. Give a brief introduction to the experiment in which you clearly 
state the purpose(s) of the procedure. This should require no more than one-
fourth of a page.

	 3.	 Summary of MSDS Data. As directed by your instructor, either briefly sum-
marize the Material Safety Data Sheet (MSDS) data (Sec. 1.10) for the solvents, 
reagents, and products encountered in the experiment or give a reference to 
where a printout of these data is located.

	 4.	 Synopsis of and Notes on Experimental Procedure—Results. Enter a one- or 
two-line statement for each part of an experiment. Reserve sufficient room to 
record results as they are obtained. As noted in Section 1.5 of “Notebook Format 
for Preparative Experiments,” do not copy the experimental procedure from the 
textbook, but provide a synopsis of it.

Much of this section of the write-up can be completed before coming to 
the laboratory, to ensure that you understand the experiment and that you will 
perform all parts of it.

	 5.	 Interpretation of Instrumental Data. If instructed to do so, discuss any instru-
mental data, such as gas-liquid chromatographic analyses and spectral data 
that you have obtained or are provided in the textbook.

	 6.	 Conclusions. Record the conclusions that can be reached, based on the results 
you have obtained in the experiment. If the procedure has involved identifying 
an unknown compound, summarize your findings in this section.

	 7.	 Answers to Exercises. Enter answers to any exercises for the experiment that 
have been assigned from the textbook.

A sample write-up of an investigative experiment is given in Figure 1.1.

	 1.	 Heading. Use a new page of the notebook to start the entries for the experi-
ment. Provide information that includes your name, the date, the title of the 
experiment, and a reference to the place in the laboratory textbook or other 
source where the procedure may be found.

	 2.	 Introduction. Give a brief introduction to the experiment in which you clearly 
state the purpose(s) of the procedure. This should require no more than one-
fourth of a page.

	 3.	 Main Reaction(s) and Mechanism(s). Write balanced equations giving the main 
reaction(s) for conversion of starting material(s) to product(s). The reason for 
balancing the equations is discussed in Part 4 Table of Reactants and Products. 
Whenever possible, include the detailed mechanisms for the reactions that you 
have written.

	 4.	 Table of Reactants and Products. Set up a Table of Reactants and Products as 
an aid in summarizing the amounts and properties of reagents and catalysts be-
ing used and the product(s) being formed. Only those reactants, catalysts, and 

Notebook Format for 
Investigative Experiments

Notebook Format for  
Preparative Experiments
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Chapter 1  ■   Introduction, Record Keeping, and Laboratory Safety 7

Figure 1.1
Sample notebook format for investigative experiments.

1. Your Name
Date

Reference: Experimental Organic Chemistry: A Miniscale and Microscale Approach, 6th ed.,
by Gilbert and Martin, Section 6.2.

    INTRODUCTION

    The pigments in green leaves are to be extracted into an organic solvent, and the extract is to be analyzed by thin-
    layer chromatography (TLC). The presence of multiple spots on the developed TLC plate will indicate that more
    than a single pigment is contained in the leaves.

MSDS DATA

    These data are available on the printouts inserted at the back of my lab book.

    SYNOPSIS OF AND NOTES ON EXPERIMENTAL PROCEDURE—RESULTS

    Procedure: Grind �ve stemless spinach leaves in mortar and pestle with 5 mL of 2:1 pet. ether and EtOH. Swirl
    soln. with 3 × 2-mL portions H2O in sep. funnel; dry org. soln. for few min over anhyd. Na2SO4 in Erlenmeyer.
    Decant and concentrate soln. if not dark-colored. Spot 10-cm × 2-cm TLC plate about 1.5 mm from end with
    dried extract; spot should be less than 2 mm diam. Develop plate with CHCl3. Variances and observations:
    Procedure followed exactly as described in reference. Org. soln. was dark green in color; aq. extracts were
    yellowish. Half of org. layer lost. TLC plate had �ve spots having colors and Rf -values shown on the drawing
    below.

    INTERPRETATION OF INSTRUMENTAL DATA

8.0 cm (solvent front)
6.5 cm (orange)

4.7 cm (dark yellow)
4.1 cm (lemon yellow)
3.4 cm (light yellow)

1.5 cm (green)

0 cm

Rf -value
0.81

0.59
0.51
0.43

0.19

    No data provided for this experiment.

    CONCLUSIONS

    Based on TLC analysis, the procedure used allows the extraction of at least �ve different pigments from the
    spinach leaves. Judging from colors, one of these is a carotene, three are xanthophylls, and the last is
    chlorophyll b.

    ANSWERS TO EXERCISES

    (Answers intentionally omitted.)

Separation of Green Leaf Pigments by TLC

2.

3.

4.

7.

6.

5.

80461_ch01_ptg01_001-024.indd   7 24/10/14   4:36 PM

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



8 Experimental Organic Chemistry  ■   Gilbert and Martin

products that appear in the main reaction(s) should be listed in the table; many 
other reagents may be used in the work-up and purification of the reaction 
mixture, but these should not be entered in the table.

Your instructor will have specific recommendations about what should ap-
pear in the table, but the following items are illustrative.

	a.	 The name and/or structure of each reactant, catalyst, and product.

	b.	 The molar mass of each compound.

	c.	 The weight used, in grams, of each reactant and the volume of any liquid 
reactant. We recommend that the weight and/or volume of any catalysts 
used be entered for purposes of completeness.

	d.	 The molar amount of each reactant used; this can be calculated from the 
data in Parts b and c.

	e.	 The theoretical mole ratio, expressed in whole numbers, for the reactants 
and products; this ratio is determined by the balanced equation for the reac-
tion, as given in Part 3, Main Reaction(s) and Mechanism(s).

	f.	 Physical properties of the reactants and products. This entry might include 
data such as boiling and/or melting point, density, solubility, color, and 
odor.

	g.	 As directed by your instructor, either briefly summarize the MSDS data 
(Sec. 1.10) for the solvents, reagents, and products encountered in the ex-
periment or give a reference to where a printout of these data is located.

	 5.	 Yield Data. Compute the maximum possible amount of product that can be 
formed; this is the theoretical yield. This can easily be calculated from the data 
in the Table of Reactants and Products as follows. First determine which of the 
reactants corresponds to the limiting reagent. This is the reagent that is used in 
the least molar amount relative to what is required theoretically. In other words, 
the reaction will stop once this reactant is consumed, so its molar quantity will 
define the maximum quantity of product that can be produced. From the num-
ber of moles of limiting reagent involved and the balanced equation for the 
reaction, determine the theoretical yield, in moles (written as “mol” when used 
as a unit, as in “g/mol”), of product. This value can then be converted into the 
theoretical yield in grams, based on the molar mass of the product.

Once the isolation of the desired product(s) has been completed, you 
should also calculate the percent yield, which is a convenient way to express 
the overall efficiency of the reaction. This is done by obtaining the actual yield 
of product(s) in grams, and then applying the expression in Equation 1.1. Gen-
erally, the calculated value of percent yield is rounded to the nearest whole 
number. As points of reference, most organic chemists consider yields of 90% or 
greater as being “excellent,” and those below 20% as “poor.”

	 Percent yield 5
Actual yield (g)

Theoretical yield (g)
3 100� (1.1)

	 6.	 Synopsis of and Notes on Experimental Procedure. Provide an outline of the ex-
perimental procedure that contains enough detail so that you do not have to refer 
to the textbook repeatedly while performing the experiment. Note any variations 
that you use, as compared to the referenced procedure, and observations that you 
make while carrying out the formation and isolation of the product(s).
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	 7.	 Observed Properties of Product. Record the physical properties of the product 
that you have isolated in the experiment. Appropriate data under this heading 
might include boiling and/or melting point, odor, color, and crystalline form, if 
the product is a solid. Compare your observations with those available on the 
compound in various reference books (e.g., the CRC Handbook of Chemistry and 
Physics or Lange’s Handbook of Chemistry).

	 8.	 Side Reactions. If instructed to do so, list possible side reactions (those reac-
tions leading to undesired products) that are likely to occur in the experiment. 
It is important to consider such processes because the by-products that are 
formed must be removed by the procedure used to purify the desired product. 
You may need to consult your lecture notes and textbook to predict what side 
reactions might be occurring.

	 9.	 Other Methods of Preparation. If instructed to do so, suggest alternative 
methods for preparing the desired compound. Such methods may involve 
using entirely different reagents and reaction conditions. Your lecture notes 
and textbook can serve as valuable resources for providing possible entries for 
this section.

	10.	 Method of Purification. Develop a flowchart that summarizes the sequence of 
operations that will be used to purify the desired product. The chart will show 
at what stages of the work-up procedure unchanged starting materials and un-
wanted by-products are removed. By understanding the logic of the purifica-
tion process, you will know why each of the various operations specified in the 
purification process is performed.

Purifying the final product of a reaction can be the most challenging part 
of an experimental procedure. Professional organic chemists are constantly re-
quired to develop work-up sequences that allow isolation of a pure product, 
free from starting materials and other contaminants. They do this by consider-
ing the chemical and physical properties of both the desired and undesired 
substances, and it is important for you to gain experience in devising such 
schemes as well.

	11.	 Interpretation of Instrumental Data. If instructed to do so, discuss any instru-
mental data, such as gas-liquid chromatographic analyses and spectral data 
you have obtained or that are provided in the textbook.

	12.	 Answers to Exercises. Enter answers to any exercises for the experiment that 
have been assigned from the textbook.

A detailed example of the write-up for a preparative experiment involving the 
dehydration of cyclohexanol (Sec. 10.3) is given in Figure 1.2. You may not actually 
perform this reaction; nevertheless, you should carefully study the example to see 
how to prepare specific entries for the first eight items listed. The various entries 
in Figure 1.2 are labeled with circled, boldface numbers and are discussed further 
in the following paragraphs. It is assumed for illustrative purposes that an actual 
yield of 2.7 g is obtained.

	 1	 Use a new page of the notebook to start the entries for the experiment. Provide 
information that includes your name, the date, the title of the experiment, and 
a reference to the place in the laboratory textbook or other source where the 
procedure can be found.

	 2	 Self-explanatory.
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