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Introduction 

This workbook and study guide was written to be a companion to Understanding Fragrance Chemistry 

by Charles Sell. 

This book is for anyone who wants to learn more about fragrance and its interactions with consumer 
goods. Some of the areas covered include: 

• Basic chemistry and chemical reactivity 

• Fragrance structure 
• Fragrance ingredients and impacts in consumer goods 

• Olfaction 
• Natural and synthetic fragrance ingredients 

The workbook is organized by chapter and includes a short summary and review material for each 
chapter in several different formats, including: 

• Multiple Choice 
• Fill in the Blank 
• Matching 

• True or False 

On each chapter page, you'll see an indication of where you'll find the material in the book. 
For example: 

Chapter 12. The Chemistry of Living Organisms 

(pages 239-266) 

In order to get the most out of this workbook, read and study the book carefully first, then work on 
the review material in this workbook. 

You will find the answers to all of the questions in the Answer section at the back of the workbook. 

Good luck! 

Understanding Frag rance Che mistry, by Charles Sell, PhD 
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Chapter 1. The Structure of Matter 
(pages 1-18) 

Chapter 1 provides a look at of the history of chemistry and an overview of the basic concepts of 

chemistry, providing the building blocks necessary for later chapters. An understanding of chemistry 
is necessary to understand the interactions between fragrances and products. 

Key concepts 

• The Periodic Table allows one to predict the chemical properties of an element based on its 
location in the table. 

• Atoms have three fundamental particles-protons, neutrons and electrons. 

• The chemistry of an element is determined by the number of protons in its nucleus. 

• Electrons want to pair up with an electron of the opposite spin. This is achieved through 
chemical bonding. 

• Ionic bonding involves donating an unpaired electron, resulting in electrostatic attraction 
between the oppositely charged ions. 

• Covalent bonding involves sharing electrons in a common orbit around both nuclei holding 
them together. 

• Ionic compounds are more soluble in polar solvents such as water. 

• Neutral molecules dissolve in hydrocarbons and vegetable oils. 

Matching. Match the definition with the term from the list. 

__ 1. A positively charged particle found in the nucleus of an atom. 

__ 2. Atoms with the same atomic number but with different atomic weights. 

__ 3. The ability of atoms to join together. 

__ 4. A negatively charged particle. 

5. Pure substances which cannot be broken down into other chemicals. 

__ 6. The volume of space that is occupied by an electron around the nucleus. 

__ 7. Substances that are composed of two or more elements held together 
by a chemical bond. 

__ 8. A neutral particle found in the nucleus of an atom. 

__ 9. The smallest unit of a chemical compound which still has all 
the chemical properties of that compound. 

A. compounds 

B. electron 

C. elements 

D. isotopes 

E. molecule 

F. neutron 

G. orbital 

H. proton 

I. valence 
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Fill in the Blanks. Choose the best term from the list. 

1. An atom is composed of three fundamental particles, ____________ _ 
____________ and ___________ _ 

2. The two main types of chemical bonds are _________ and ________ _ 

3. The number of protons in the nucleus of an atom determines an element's _____ __ _ 

4. The __________ is a tabular method of displaying the chemical elements. 

5. The __________ is equal to the sum of the number of protons and the number of 
neutrons in an atom's nucleus. 

atomic number 
atomic weight 

covalent bonds 

electrons 

ionic bonds 
neutrons 

Multiple Choice. Circle the correct answer. 

Periodic Table 

protons 

1. The smallest unit of an element which retains the chemical properties of the element is a/an: 

A. atom 

B. cation 
C. molecule 

2. A combination of substances from which the components can be separated by simple physical 
processes is called a/ an: 

A. compound 

B. isotope 
C. mixture 
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Chapter 2. Carbon 1-Hydrocarbons 
(pages 1 9-42) 

Chapter 2 covers the basic concepts of organic chemistry and reviews compounds which are made of 

carbon. The rules for systematic naming of compounds are discussed as well as the different notations 

used to represent molecules, including common shorthand notations used for simpler, less cluttered, 

structural drawings. 

Key concepts 

• An infinite number of structures can be made from carbon. 

• Living organisms are carbon based. 

• Molecular size and shape impact its properties (for example, with n-alkanes the boiling point 
rises as molecular size increases) . 

• A chemical name corresponds to its structure; from the name, the exact molecule can be 
reconstructed. 

• A compound's name is based on the longest straight chain in the molecule. 

True or False. Circle the correct answer. 

1. Ethane is composed of one carbon atom attached to four hydrogen atoms. T F 

2. Molecules differing only in conformation are called conformers or conformation isomers. T F 

3. Carbon has four valences. T F 

4. In shorthand format for structural drawings used in this book, any unlabeled valences 
of a carbon atom are assumed to be unoccupied. T F 

5. The empirical formula of any alkane containing n carbon atoms is CnH2n-l. T F 

6. A C-C n: bond is weaker than a C-C a bond. T F 

7. In a n: bond, the carbon atoms are no longer free to rotate around the bond joining them. T F 

8. It is not possible to add more hydrogen to an alkene structure. T F 

9. A molecule may contain more than one double bond. T F 

10. The overall shape of an alkane chain with a cis-double bond is a straight line. T F 

11. A C-C double bond is less stable than a C-C triple bond. T F 

12. As bond order increases, the distance between carbon atoms becomes less. T F 

13. A molecule with five carbon atoms linked together in a ring is called cyclopentane. T F 
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14. It is not possible to have more than one ring in a molecule. 

15. In naming organic chemicals, Greek letters are used to indicate position in a sequence. 

16. An aromatic ring is more stable than a system with isolated double bonds. 

17. Enantiomeric molecules are identical in every physical and chemical property except 
for the direction in which they rotate polarized light. 

Fill in the Blanks. Choose the best term from the list. 

T F 

T F 

T F 

T F 

1. Molecules which have the same empirical formula but different molecular structures are called 

2. It is not possible to add more __________ to a __________ structure. 

3. Materials containing double bonds are called ___________ _ 

4. From the empirical formula of a hydrocarbon we can tell how many __________ or 
____________ it contains. 

5. A ___________ molecule has two or more rings in its molecular structure. 

6. Materials that contain rings, but not aromatic rings are called ________ ___ _ 

7. A ___________ object is not superimposable on its mirror image. 

alicyclic 
alkenes 
chiral 

double bonds 
hydrogen 
isomers 
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Chapter 3. Carbon 2-Heteroatoms 
(pages 43-7 4) 

Chapter 3 discusses heteroatoms (atoms that are not carbon or hydrogen) and how they are relevant 

to the fragrance industry. For each chemical class, the author gives examples with names to facilitate 

understanding of chemical naming conventions. 

Key concepts 

• The most important heteroatoms in the fragrance industry are oxygen, nitrogen and sulphur. 

• Functional groups containing oxygen include alcohols, ethers, aldehydes, ketones, carboxylic 
acids, esters and peroxides. 

• Functional groups containing nitrogen include amines, imines, amides, nitriles and nitro 
compounds. 

• Functional groups containing sulphur include sulphides, thiols, disulphides, sulpoxides, 
sulphones and sulphonic acid. 

• It is necessary to be familiar with multiple naming conventions since compounds may be 
referred to by systematic names, semi-systematic names or trivial names. 

Matching. Match the definition with the term from the list below. 

1. Compound that contains a hydroxyl group attached to a benzene ring. 

2. Compound with a carbon atom of a carbonyl group bonded to two 

other carbon atoms. 

3. Compound with a carbon atom double-bonded to an oxygen atom 

and also bonded to a hydrogen atom. 

4. Compound with a sulphur atom bonded to one carbon and one 

hydrogen atom. 

5. Compound which contains a carbon-nitrogen double bond. 

6. Compound with a carbonyl group bonded to a hydroxyl group. 

7. Compound with an oxygen atom attached to two alkyl radicals. 

8. Compound with an oxygen-oxygen single bond. 

9. Compound which contains a carbon-nitrogen triple bond. 

_ _ 10. Type of compound that has a ring structure containing heteroatoms. 

A. aldehyde 

B. carboxylic acid 

C. ether 

D. heterocyclic 

E. imine 

F. ketone 

G. nitrile 

H. phenol 

I. peroxide 

J. thiol 
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Fill in the Blanks. Choose the best term from the list. Some terms 
may be used more than once. 

1. bonding occurs when a positively charged hydrogen atom becomes bound 
to an electronegative atom. 

2. The ester function is usually associated with __________ odors. 

3. Because of their acidic properties, simple phenols are not used in perfume; however, more 
complex phenols occur in __________ _ 

4. Due to their intense odor, ___________ are important in the fragrance industry. 

5. A carbon-oxygen double bond is called a ___________ group. 

6. are often unpleasant when concentrated but can be fruity at high dilution. 

7. Molecules containing a group are called alcohols. 

8. , or quats, are used as surfactants. 

9. are important in the fragrance industry because they release aldehyde 
as they break down. 

aldehydes 
carbonyl 
carboxylic acids 

essential oils 

fruity 
hydrogen 
hydroxyl 
imines 
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Chapter 4. States of Matter 
(pages 75-94) 

Chapter 4 discusses the states of matter, transitions between the states, and what impacts these phase 

changes. The properties of surfactants, history of soaps, emulsions, and detergency are also discussed. 

Key concepts 

• The three states of matter are solid, liquid and gas. 

• States of matter are affected by temperature and pressure. 

• A "surface acting agent:' or surfactant, has a hydrophilic head group and a hydrophobic chain, 
making it soluble in water and oil. 

• Surfactants are classified based contents of the hydrophilic group: 

o Nonionic surfactant 

o Anionic surfactant 

o Cationic surfactant 

o Zwitterion (contains both anionic and cationic groups) 

• An emulsion is a mixture of two immiscible liquids, where tiny drops of one are dispersed in 
the other. 

• The addition of surfactants to an emulsion will lead to the creation of micelles and increased 
stability. 

Multiple Choice. Circle the correct answer. 

1. A material that prefers to dissolve in water is called: 

A. hydrophilic 
B. hydrophobic 

C. lipophilic 

2. The process of changing from a solid to a liquid is called: 

A. condensation 

B. fusion 
C. sublimation 

Fill in the Blanks. Choose the best term from the list. 

1. The state of matter is affected by __________ and _________ _ 

2. The energy required to move a molecule from the solid state to the liquid state is called 
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3. A solution that contains as much solute as possible is called a ___________ _ 

4. Matter exists in three states: and 

5. is the pressure at which all three phases of a substance exist together. 

6. is the energy required to move a molecule from the liquid state to 
the gas state. 

critical pressure 

gas 
latent heat of fusion 

latent heat of vaporization 

liquid 
pressure 

True or False. Circle the correct answer. 

1. Condensation is the process of changing from a liquid to a gas. 

saturated solution 

solid 
temperature 

2. A surfactant which contains a head with two oppositely charged groups is called 
a zwitterion. 

3. Adding water to a "water in oil" emulsion will result in a dilution of the emulsion. 

4. A lipid bilayer has fatty layers on both sides and a water center. 
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Chapter 5. Separation and Purification 
(pages 95-118) 

Chapter 5 discusses ways to isolate materials and to obtain them in a pure form, for both analytical 
and manufacturing objectives. In fragrance chemistry, volatility and solubility are the two main 
properties used to achieve the separation of materials. 

Key concepts 

• Distillation is the process of heating a liquid above its boiling point, collecting the vapor, and 
condensing the vapor into the liquid state. 

• Fragrances can be distilled under lower pressure to help prevent decomposition. 

• Steam distillation is commonly used in preparation of essential oils. The presence of water 
restricts the temperature range which helps limit the decomposition of the oil components. 

• A pure material can be achieved through crystallization, by reducing the temperature of the 
solution or the volume of solvent in the solution. 

• Solvent extraction is the removal of material from a mixture by bringing into contact with a 
solvent in which the desired material is soluble and the undesired is not. 

• Chromatography is the most important purification technique for analytical purposes. 

• Chromatography is the process of separating a mixture in which the components to be separated 
are distributed between two phases, one of which is stationary (stationary phase) while the other 
(the mobile phase) moves across it. 

• Forms of chromatography are paper chromatography, thin layer chromatography, column 
chromatography, high performance chromatography and gas chromatography. 

Fill in the Blanks. Choose the best term from the list. 

1. The simplest form of a still is made up of a __________ , a _________ _ 
and a ___________ _ 

2. In chromatography, ____________ is affected by oven temperature, column 

dimensions, makeup of the stationary phase, and composition and flow rate of the carrier gas . 

3. ____________ and ___________ are two ways to purify a solid. 

4. Products that have been distilled from plant material are called ____________ _ 

5. How far a substance moves on a chromatography plate or column relative to the solvent in the 
same time is called the ____________ _ 

6. In _________ chromatography, the stationary phase is usually a high boiling liquid. 
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conderser 

crystallization 

essential oils 

gas 

pot 

receiver 

retention factor 

retention time 

sublimation 

Matching. Match the definition with the term from the list. 

1. A device which allows fractions to be removed from 

the still without impacting temperature or pressure. 

2. A mixture whose components cannot be separated 

by simple distillation. 

A. azeotrope 

B. high performance liquid 

chromatography 

C. Perkin triangle 

3. The process of making colorless materials visible 

once they have been separated by chromatography. 

D. thin layer chromatography 

4. Chromatographic system in which the stationary 

phase is a thin layer of finely divided material coated 

onto a plate. 

5. Chromatographic system which requires the use of high 

pressure to force the solvent through the stationary 

phase column. 

True or False. Circle the correct answer. 

E. visualization 

1. Boiling aids, such as small chips of stone, are used to prevent liquid from becoming 
super-heated. 

2. Hydrodiffusion uses less energy than steam distillation. 

3. Gas chromatography is rarely used in fragrance analysis. 
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Chapter 6. Analysis 
(pages 119-148) 

Chapter 6 gives an overview of analysis methods from the perspective of the fragrance industry, from 

research to quality control. 

Key concepts 

• Physical analysis methods alone cannot be used to determine the identity or quality of a sample 
because physical attributes can be the same for different materials. 

• The most commonly used chemical analysis method is titration. 

• In the fragrance industry, four main types of spectroscopy are used-ultraviolet, infrared, 
nuclear magnetic resonance and mass spectrometry. 

• Infrared spectroscopy gives information about the functional groups present in the molecule of 
the analyte, but not how they fit together in the molecular structure. 

• Using nuclear magnetic resonance, the molecular structure of analyte can be determined by 
using the magnetic property of certain nuclei. 

• Mass spectrometry provides information regarding the molecular structure, but cannot be 
used to identify a substance. However, it provides a "fingerprint" of the molecule that can be 
compared to reference spectra. 

• Gas chromatography-mass spectrometry (GC-MS) is a powerful tool in the fragrance analysis. 
A mixture can be passed through a gas chromatographer to be separated into individual 
components; each component is then fed into a mass spectrometer and compared against 
libraries ofknown compounds. 

Fill in the Blanks. Choose the best term from the list. Some terms 
may be used more than once. 

1. Due to safety hazards, it is important to check ___________ levels before distilling 
an essential oil. 

2. __________ spectroscopy involves the visible part of the spectrum into the near 
ultraviolet. 

3. spectroscopy and spectroscopy provide 
"fingerprints" that can be used to compare with known components. 

4. __________ spectroscopy uses radio frequency radiation and the magnetic fields of 
certain nuclei. 

5. A component can be identified by comparing its gas chromatography ________ and 
with known standard values. ----------
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6. Two key techniques for quality control in fragrances are ____________ and 

infrared 

gas chromatography 
mass 

mass spectrum 
nuclear magnetic resonance 
organoleptic evaluation 

Multiple Choice. Circle the correct answer. 

1. Which is not a true spectroscopic technique: 

A. nuclear magnetic resonance spectroscopy 

B. mass spectroscopy 

C. ultraviolet spectroscopy 

peroxide 
retention time 
ultraviolet 

2. Which process would be used to analyze a sample where the endpoint of a reverse titration is 
easier to recognize than the endpoint of the normal titration: 

A. atomic absorption 
B. back titration 

C. indirect titration 

3. Placing a sample into a beam of light to observe which frequencies are missing from the spectrum 
is an example of: 

A. infrared spectroscopy 

B. mass spectroscopy 
C. ultraviolet spectroscopy 

4. The result of the GC-MS process will provide: 

A. a titrimetric analysis of ingredients 
B. identification of individual chemical components 
C. the complete formula of a perfume 

True or False. Circle the correct answer. 

1. Physical and chemical methods of analysis are most commonly used for quality control 
purposes in the fragrance industry. T F 

2. One advantage of nuclear magnetic resonance spectroscopy is that a pure sample 
is not required. T F 

3. Variation in the composition of essential oils is expected. T F 
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Chapter 7. Chemical Reactivity 
(pages 149-164) 

Chapter 7 covers the forces that drive chemical reactions. 

Key concepts 

• Energy cannot be created or destroyed. (First law of thermodynamics) 

• Heat will not flow from cold to hot. (Second law of thermodynamics) 

• Enthalpy and entropy work against each other in chemical reactions. 

• All chemical reactions are balanced, with the same number and type of atoms on each side of 
the equation. 

• Every chemical process is reversible. 

• Addition of a catalyst will accelerate a chemical reaction without changing the ratios of the 
final components. 

• There are four types of organic reactions: cationic, anionic, free radical and pericyclic/electrocyclic. 

Fill in the Blanks. Choose the best term from the list. Some terms 

may be used more than once. 

1. Thermodynamics is the study of the relationship between ___________ and 

2. While the __________ of the universe remains constant, the entropy of the universe 
will __________ _ 

3. The two main forces that drive chemical reactions are ___________ and 

4. The Gibbs equation states the change in _________ is equal to the change in enthalpy 
minus the product of the change in and the _________ _ 

5. In a chemical reaction, __________ is reached when the forward reaction occurs at 

the same rate as the reverse reaction. 

6. The amount of energy required for a chemical reaction to occur is called ________ _ 

7. A material that increases the rate of reaction without being changed in the process is called a 
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catalyst 

energy 

energy of activation 

enthalpy 

entropy 

equilibrium 

free energy 

heat 

Multiple Choice. Circle the correct answer. 

increase 

temperature 

1. The fact that differences in temperature, pressure and density tend to even out in a closed system 
is an example of the: 

A. first law of thermodynamics 

B. second law of thermodynamics 

C. third law of thermodynamics 

2. The form of energy stored in molecules is called: 

A. enthalpy 

B. entropy 

C. free energy 

3. A change to a more disordered state describes the word: 

A. energy 

B. enthalpy 

C. entropy 

4. According to the Gibbs equation, entropic effects become more significant as: 

A. temperature decreases 

B. temperature increases 

C. pressure increases 

5. Endothermic reactions: 

A. consume heat 

B. have no change in heat 

C. release heat 

6. Evaporation is an example of a/an: 

A. endothermic process 

B. exothermic process 

C. thermal runaway 
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Chapter 8. Chemistry and Perfume 1-
Acid/Base Reactions 
(pages 165-192) 

Chapter 8 defines the terms acid, base and pH, presents simple acid/base reactions, and reviews their 
influence, positive and negative, on fragrance ingredients. 

Key concepts 

• There are three common definitions of acids and bases used: 

o The Br0nsted definition states that an acid is a proton donor and a base is a proton acceptor. 

o The Lewis definition states an acid is an acceptor of a pair of electrons and a base is a donor 
of a pair of electrons. 

o The Franklin definition states that, when dissolved in a self-dissociating solvent, an acid 
generates the same cation as is generated by the solvent, while a base generates the same anion 
as is generated by the solvent. 

• pH is a measure of the acidity or basicity of a solution, as determined by the concentration of 
hydrogen ions in the solution. 

• During hydrolysis a compound is broken into two parts by its reaction with water. 

• Condensation is the process in which two molecules are joined to form a single molecule with 
the loss of a small molecule. 

• Alkylation[acylation] involves the transfer of an alkyl[ acyl] group from one molecule to another. 

Fill in the Blanks. Choose the best term from the list. 

1. HCl is a/an __________ _ because when it dissolves in water, it generates the same 

cations (H+ ). 

2. A ___________ acid releases all of its hydrogen when dissolved in water. 

3. A ___________ reaction involves an electrophilic aromatic substitution. 

4. When a polar bond is passed on to the next atom in a chain, it is called the ________ _ 

effect. 

5. In a _________ reaction, the addition of water will cause the reagent to decompose. 

6. An aldehyde can be protected by converting it into a/an __________ or a/an 

7. A reaction involves the nucleophilic addition of a carbanion to a 
a,~-unsaturated carbonyl compound. 
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acetal 

acid 
Friedel-Crafts 

Grignard 

inductive 
Michael 

Schiff's base 

strong 

True or False. Circle the correct answer. 

1. In general, Lewis acids act as Br0nsted acids when dissolved in water. 

2. A base generates the same cations as the solvent. 

3. A strong acid is concentrated and a weak acid is dilute. 

4. Because of their higher concentration ofH+ ions, weak bases have a higher pH than 
strong bases. 

5. Acidic solutions have a higher concentration of H + ions than basic solutions. 

6. The pH of human skin is 7. 

7. A buffer is used to maintain a product at a constant pH. 

8. An electrophile is a Lewis base. 

9. Ester-based fragrance ingredients are especially useful because of their stability 
in alkaline consumer products. 

10. Acetals are stable in basic conditions but can be hydrolyzed in acidic conditions. 

11. Dehydration of alcohols and addition to olefins can both cause loss of odor in 
a perfumed substance. 
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Chapter 9. Chemistry and Perfume 1-
0xidation and Reduction Reactions 
(pages 193-208) 

Chapter 9 introduces reduction and oxidation (red-ox) reactions and the relevance of red-ox 

reactions in the fragrance industry. 

Key concepts 

• Oxidation is defined as an increase in oxidation number, and reduction as a decrease in 
oxidation number. 

• In every red-ox reaction, for every material oxidized, something else is reduced and for every 
material reduced, something else is oxidized; there is no net change in charge. 

• Red-ox reactions can be used to make fragrance ingredients. 

• Red-ox reactions can also be damaging to fragrance ingredients. 

• Reacting with the oxygen in the atmosphere, called autoxidation, can also be detrimental to 
fragrance ingredients. 

Fill in the Blanks. Choose the best term from the list. Some terms 
may be used more than once. 

1. Oxidation can be defined as _________ electrons, _________ bonds to 

oxygen, or bonds to hydrogen. 

2. Complete oxidation of organic compounds produces __________ _ 

3. A neutral molecule has an oxidation number of __________ _ 

4. The __________ stage of autoxidation is marked by a chain reaction of oxidation. 

5. Of the hydrocarbons, ___________ is at the lowest oxidation level and 
___________ is at the highest. 

6. Oxidation by atmospheric oxygen gas is called ___________ _ 

7. When alkaline products develop pink tints, ____________ compounds and air 

oxidation are suspected. 

8. Reduction can be defined as _____________ electrons, losing bonds to 
____________ ,or gaining bonds to __________ _ 

9. can be used to terminate a free radical chain reaction. -----------
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10. Oxidation state is tied to the number of bonds an atom makes to __________ and 

11. In organic materials containing oxygen, ____________ are at the lowest oxidation 

state and is at the highest. 

alcohols ethane phenolic 

anti -oxidants gaining propagation 

autoxidation hydrogen zero 

carbon dioxide losing 

diamond oxygen 
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Chapter 1 0. Perfume Structure 
(pages 209-218) 

Chapter 10 discusses the structure of fragrances and potential impacts in consumer products. 

Key concepts 

• Odor is very subjective; creating perfume is an art. 

• Odors fall into three categories: top (head) notes, middle (heart) notes, and base 
(end bottom) notes. 

o Top notes are perceived immediately but evaporate quickly. 

o Middles notes last for several hours. 

o Base notes may last for days. 

• A well constructed perfume will have notes that blend into one another. This can be 
accomplished by using components with similar chemical structure. 

• Persistence, the length of time which an ingredient will remain detectable, depends on the 
ingredient's volatility. 

• Materials chosen for use in a fragrance may vary based on the application of the final product. 

• Conditions that the fragrance may be exposed to manufacture, distribution and storage need to 
be considered when creating a fragrance. 

Matching. Match the definition with the term from the list. 

__ 1. An individual odor component. 

__ 2. The ability of a perfume ingredient to fill space. 

__ 3. The intensity of perceived sensation of an odor. 

__ 4. A pleasing combination of perfume notes. 

__ 5. The ability of a perfume to leave a scent behind when worn by 

a moving object. 

__ 6. A combination of perfume notes that produce a jarring effect. 

Multiple Choice. Circle the correct answer. 

1. The most volatile part of a perfume is the: 

A. end note 

B. head note 

C. heart note 

A. chord 

B. discord 

C. impact 

D. note 

E. radiance 

F. trail 

Chapter 10. Workbook & Study Guide • 19 



2. The lowest concentration at which a perfume ingredient can be identified is called: 

A. detection threshold 

B. intensity 

C. recognition threshold 

3. Generally, the number of carbon atoms found in the empirical formula of a perfume ingredient is: 

A. 0 

B. 3-10 

c. 8- 18 

4. The ability of perfume to last over time is called: 

A. bloom 

B. persistence 

C. radiance 

Fill in the Blanks. Choose the best term from the list. Some terms 
may be used more than once. 

l. Persistency and tenacity refer to the length of time which a perfume ingredient will remain 

2. Chanel No 5 is a floral fragrance with a ___________ top note. 

3. Neroli and ylang-ylang are middle notes in the ___________ family. 

4. Colognes have __________ top notes and a __________ heart. 

5. The ________ and _________ of a molecule will determine its volatility. 

aldehydic 

citrus 

detectable 

floral 
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Chapter 11. Chemistry in Consumer Goods 
(pages 219-238) 

Chapter 11 provides a general guide to chemistry in consumer goods. The types of ingredients found 
in consumer goods are discussed, along with why the ingredients are used and how they interact with 

fragrance ingredients. 

Key concepts 

• Fragrances undergo storage testing under severe conditions such as high temperature, high 
humidity and UV irradiation to determine stability. 

• Consumer goods contain compounds that may damage a fragrance or interact with a fragrance 
in a way that damages the product. 

• Based on the application, perfumers must design a fragrance which will be stable and not affect 
the product's performance. 

• The main threats to fine fragrance ingredients are alcohol, air and light. 

• In most cosmetic and toiletry products, the main risk is diminished odor rather than damage to 
the fragrance. 

• With the exception of hard soaps and bath crystals, which are basic, personal wash products use 
neutral surfactants creating little issue for fragrances. 

• Most laundry products are basic or acidic enough to limit fragrance choices for these products. 

• Many household products contain no risk for fragrances; however, general purpose cleaners, 
dishwasher detergents, bathroom cleaners and liquid bleach present obstacles to the perfumer. 

True or False. Circle the correct answer. 

1. Laundry products are designed to remove organic substances from fabric, causing a 
fragrance to work against the laundry product that contains it. T F 

2. Acids are used in consumer goods to control pH and to prevent scale deposits. T F 

3. Anti-perspirant products typically have a basic pH. T F 

4. Bases are never used for pH control in consumer products. T F 

5. Interaction with bases may result in the formation of salts, causing a drop in pH. T F 

6. Bases are capable of undergoing nucleophilic reactions. T F 

7. Ascorbic acid and sodium bisulphate are used as oxidants. T F 

8. The reductant bisulphate may transform fragrance ingredients into odorless compounds. T F 

9. Thioglycolic acid can break down to release a malodorous by-product, divalent sulphur. T F 
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10. Most surfactants do not directly interfere with fragrance ingredients. T F 

11. Perfumed consumer products will rarely contain traces of metal ions such as iron. T F 

12. Chelating agents cause a variety of problems to fragrances in consumer goods. T F 

13. Two common chelating agents are citric acid and ethylenediaminetetraacetic acid (EDTA). T F 

14. Dyes are used to prevent chemical changes in organic molecules caused by UV light. 

15. Encapsulating agents can be used to protect a fragrance by isolating its molecules from 
the rest of the product. 
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Chapter 12. The Chemistry of Living Organisms 
(pages 239-266) 

Chapter 12 provides an introduction to the types of molecules that compose living things. 

Key concepts 

• Complementary shaped molecules that form attachments demonstrate molecular recognition. 

• Primary metabolites are essential for the basic properties of life. 

• Carbohydrates are used for a food source, energy storage, structural components, and 
recognition of foreign compounds. 

• Nucleic acids carry genetic information and control cellular structure. 

• Lipids are used as energy storage, water barriers and electrical insulators. 

• In addition to providing food energy and structural function, proteins are used as catalysts and 
in recognition. 

• The International Fragrance Association sets guidelines for the safe use of fragrance ingredients. 

Fill in the Blanks. Choose the best term from the list. 

1. The four basic components of nucleic acids are ___________________ _ 

and ----------- -----------

2. A substance that is potentially harmfully to an organism is called a _________ __ 

3. The four classes of primary metabolites are ____________________ _ 
__________ and _________ __ 

4. __________ proteins fold into distinct shapes such as spheres, ellipsoids or columns. 

5. __________ toxicity refers to the immediate effects of a single dose of a substance. 

6. __________ are proteins used to recognize and neutralize foreign proteins. 

acute cytosine nucleic acids 

adenine globular proteins 

antibodies guanine thymine 

carbohydrates lipids toxin 
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Matching. Match the definition with the term from the list. 

__ 1. The study of poisons. 

__ 2. Primary metabolite also known as saccharides. 

__ 3. Means by which cellular information is in transferred from one 

generation to the next. 

__ 4. The exact shape of a protein. 

__ 5. Class of metabolites essential for basic processes oflife. 

__ 6. Polymers make by linking amino acids through amide bonds. 

__ 7. The potential for a material to do damage to the environment. 

True or False. Circle the correct answer. 

1. Chirality has no effect on molecular recognition. 

2. Secondary metabolites are present in all living things. 

3. In a large enough dose, any substance can be toxic. 

4. Skin irritation is a form of allergic reaction which results from activity of the 
immune system. 

A. carbohydrates 
B. ecotoxicity 
C. nucleic acid 
D. primary 
E. proteins 
F. tertiary structure 
G. toxicology 

T F 

T F 

T F 

T F 

5. Any organic chemical substance will eventually degrade to carbon dioxide and water. T F 
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Chapter 13. The Mechanism of Olfaction 
(pages 267-280) 

Chapter 13 describes the sense of smell, the organs used and how it works. 

Key concepts 

• Olfaction (smell) is a form of chemoreception. 

• Chemoreception is the process by which information is gained from chemical stimuli in the 
environment. 

• The process of olfaction starts 

o when an odorant binds to a receptor protein, 

o which stimulates andenylyl cyclase to synthesize cAMP. 

o The cAMP causes the ion channels to open up, 

o allowing an influx of cations, 

o which depolarizes the cell, 

o resulting in an electrical impulse in the olfactory bulb, 

o which in turn, signals the brain. 

• Each person has a different combination of olfactory receptors, making the sense of smell 
unique to the individual. 

• Portions of the process of olfaction are not completely understood. 

Fill in the Blanks. Choose the best term from the list. Some terms 
may be used more than once. 

1. The _________ , located in the _________ , is the more important organ 

involved in olfaction. 

2. Receptor cells extend through the _________ to the ________ _ 

3. cAMP and IP3 are _________ which signal the __________ to open 

and allow ions through. 

4. Signals from the olfactory bulb are sent to the __________ and the 

5. The interpretation of odors is affected by __________________ and 

amygdale 
context 

cribiform plate 

expectation 

experience 
ion channel 

nasal cavity 

olfactory bulb 

olfactory epithelium 
piriform cortex 

second messengers 
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True or False. Circle the correct answer. 

1. A molecule must come in contact with the olfactory receptors to be detected by them. 

2. Each human uses 800-900 olfactory receptors. 

3. Each type of odorant can activate a range of receptor types, and each type of receptor 
responds to a variety of odors. 

4. A conflict between visual stimulus and odor stimulus can cause the brain to interpret 
an olfactory signal incorrectly. 

5. The presence of one odorant will not interfere with the recognition of a second odorant. 

Labeling. Find and label the parts of the olfactory system. 

• • 
• • • • 
• • 
• 
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cilia 
cribriform plate 
glumerulus 
olfactory bulb 
olfactory 
epithelium 
receptor cell 

T F 

T F 

T F 

T F 

T F 

,... 
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Chapter 14. Natural Fragrance Ingredients 
(pages 281-308) 

Chapter 14 discusses why and how odorous chemicals are produced by living organisms. Important 
fragrance families are highlighted and degradation mechanisms and by-products are discussed. 

Key concepts 

• Odorous secondary metabolites are used for chemical communication and chemical defense. 

• There may be several potential routes from one intermediate to another. The route used depends 
on the genetic make-up of the plant. 

• Polyketides can typically be recognized by evidence of oxygenation at alternate carbon atoms. 

• Members of the shikimic family are characterized by the pattern of a six-membered ring 
carrying a one or three carbon side chain attached to carbon 1 of the ring and oxygenation at 
carbons 3 and/ or 4 and/ or 5 of the ring. 

• Terpenoids are built up of isoprene units. The characteristic structural pattern of the five carbon 
olefin is present in all terpenoid compounds. 

• Organic chemicals are degraded by autoxidation and enzymatic action. 

• By-products of chemical degradation may have pleasant odors or be malodorous. 

Matching. Match the definition with the term from the list. 

__ 1. Used to communicate between different organisms of the 

same species. 

__ 2. Required by some enzymes to catalyze a reaction. 

__ 3. Production of a chemical substance by a living organism. 

__ 4. Used to communicate between two cells of the same organism. 

__ 5. Used to communicate between two different species. 

Fill in the Blanks. Choose the best term from the list. 

A. 

B. 
c. 
D. 
E. 

allelochemicals 

biosynthesis 
co factors 
hormones 
pheromones 

1. The largest family of natural fragrance ingredients is the ___________ family. 

2. Three co-factors used with enzymes in biosynthesis are ___________ _ 

and ------------ ------------

3. Three key building blocks of the __________ family are mevalonic acid, isopentenyl 

pyrophosphate and prenyl pyrophosphate. 
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4. , a major component in citrus oils, is a cyclic monoterpenoid. 

5. , an ambreine degradation product, is the primarily responsible for the 

distinctive odor of ambergis. 

6. Shikimic acid can be synthesized into numerous odorants including indole from 
__________________ and from cinnamic acid, 

and eugenol and vanillin from __________ _ 

ATP 

cinnamaldehyde 

Co A 

coumarin 

ferulic acid 

limonene 

NADP 

naphthofuran 

prephenic acid 

terpenoid 

True or False. Circle the correct answer. 

1. Compounds with a high molecular weight, have a lower volatility, and tend to be odorless. 

2. Information about the genetic make up of a plant can be determined from the molecular 
structure of a plant product. 

3. Geraniol, citronellol, linalool and citral are cyclic monoterpenoids. 
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Chapter 15. Synthetic Fragrance Ingredients 
(pages 309-362) 

Chapter 15 describes the economics of manufacturing fragrance ingredients, the use of chemical 

feedstocks and how fragrance ingredients can be produced. 

Key concepts 

• Synthetic ingredients are used because, compared to natural ingredients, they offer better 
performance, cost less, have a more secure supply and provide increased safety. 

• The main methods used to discover new fragrance ingredients are random screening, 
mechanistic understanding, copying leads, statistical design and making what you can. 

• Developing new fragrance ingredients is costly. Because of this, new fragrance ingredients 
typically come from major fragrance companies. 

• The by-products of commercial industries are used as feedstock for manufacturing fragrance 
ingredients. 

• There may be several ways to produce a fragrance ingredient. Factors such as process efficiency, 
amount of waste by-product and cost and availability of the starting material are used to 
determine which method to use. 

Fill in the Blanks. Choose the best term from the list. 

1. Terpenoids can be synthesized from __________ , a by-product of the juice industry. 

2. __________________ and _________ of supply are important 

factors in selecting feedstocks. 

3. Cedrol, cedrene and thujopsene, the major components of __________ , are starting 

materials for a number of fragrance ingredients with woody/amber odors. 

4. , a petrochemical feedstock, can be used to produce alphatic alcohols, 

aldehydes, acids and esters. 

5. Clove oil, sassafras oil, turpentine and lignin are used as raw materials for ________ _ 

6. __________ are used production of many perfume ingredients including rose alcohols, 

citral, ionones and vitamins. 

availability 
cedarwood oils 

citrus oils 

ethylene 

pinenes 

price 

security 
shikimates 
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Matching. Match the definition with the term from the list. 

__ 1. The joining together of a small number of monomers. A. atom efficiency 

__ 2. The efficiency of a chemical reaction in terms of all atoms involved. 
B. captive ingredient 

C. commodity 

__ 3. A fragrance ingredient that is available only to the company 

that developed it. 

D. oligomerization 

E. polymerization 

__ 4. The joining of many olefinic units into a long chain. 

__ 5. A fragrance ingredient that is produced by bulk chemical companies. 

True or False. Circle the correct answer. 

1. Synthetic fragrance ingredients can be produced from vegetable oils and petrochemicals. T 

2. Natural ingredients are safer than their synthetic counterparts. T 

3. Calculating atom efficiency can show which of several proposed synthetic routes 
would be best for development. T 

4. Using random screening to discover of new fragrance ingredient has a moderate 
chance of success. T 

5. Chemical compounds derived from essential oils are more expensive than synthetic 
ingredients. T 
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Chapter 16. Chemical Information 
(pages 363-370) 

Chapter 16 describes how chemical information is published. It also gives approaches for finding 

chemical information. 

Key concepts 

• A patent grants a researcher exclusive rights for a fixed period of time in return for disclosing 
their finding. 

• Research results can be published in an academic publication, such as a thesis, a learned society 
journal or a commercially produced journal. 

• Subject experts write books and reviews to share their knowledge. 

• An abstract is a brief summary of a journal, patent, book, conference proceeding, etc. 

• A citation index is an index of citations between publications. 

• To find more information on a chemical topic, try a major library, an internet search engine or 
Chemical Abstracts. 

Fill in the Blanks. Choose the best term from the list. 

1. A/an __________ can be used to determine which documents cite other documents. 

2. For a patent to be granted, it must be ____________________ and 

3. Chemical Abstracts can be searched by subject, __________________ or 

4. Three common types of patent claims are ____________________ and 

5. To find additional information on a topic, one could use a/an __________ or a/an 

abstract 

application 
author 
CAS number 

chemical formula 
citation index 
composition of 
matter 

non -obvious 
novel 
process 
useful 
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True or False. Circle the correct answer. 

1. One activity of learned societies, such as the American Chemical Society, is to publish 
journals to report scientific research. T F 

2. If a patent is infringed, the patent holder has no recourse. T F 

3. A CAS number is a unique numerical identifier for a given chemical. T F 

4. Status information for a patent can be found through a patent abstracting service. T F 

5. A municipal library will typically carry specialized chemistry publications. T F 
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Ansvvers 

Chapter 1. The Structure of Matter 

Matching 

1. H 

2. D 

3. I 

4. B 

5. c 
6. G 

7. A 

8. F 

9. E 

Fill in the Blanks 

1. protons, neutrons, electrons 

2. ionic bonds, covalent bonds 

3. atomic number 

4. Periodic Table 

5. atomic weight 

Multiple Choice 

1. A 
2. c 

Chapter 2. Carbon 1-Hydrocarbons 

True or False 

1. F (Methane is CH4; Ethane is C2H6) 

2. T 
3. T 
4. F (Any unlabelled valences of a carbon atom are assumed occupied by a hydrogen atom.) 

5. F (The empirical formula should be CnH2n+2.) 

6. T 

7. T 
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8. F (It is possible to add hydrogen as alkene is unsaturated.) 
9. T 

10. F (A cis-double bond will introduce a bend in the chain.) 
11. F (A C-C double bond is more stable than a C-C triple bond.) 
12. T 

13. T 

14. F (It is possible to more than one ring in a molecule.) 
15. T 

16. T 

17. T 

Fill in the Blanks 

1. isomers / 

2. hydrogen, saturated / 

3. alkenes 
4. double bonds, rings 
5. polycyclic 
6. alicylic 
7. chiral 

Chapter 3. Carbon 2-Heteroatoms 

Matching 

1. H 

2. F 
3. A 

4. J 
5. E 

6. B 

7. c 
8. I 
9. G 
10. D 

Fill in the Blanks 

1. hydrogen 

2. fruity 
3. essential oils 
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...._ 

...._ 

...._ 4 . aldehydes 

..... 5 . carbonyl 

6 . carboxylic acids 
..... 

7. hydroxyl 
' 8 . quaternary ammonium salts 
..... 

9 . imines 
..... 

Chapter 4. States of Matter 

Multiple Choice 

1. A 
2. B 

Fill in the Blanks 

1. pressure, temperature 
2. latent heat of fusion 

3. saturated solution 
4. gas, liquid, solid 

5. critical pressure 

6. latent heat of vaporization 

True or False 

1. F (Condensation is the process of changing from a gas to a liquid.) 

2. T 
3. F (Adding water to a "oil in water" emulsion will dilute it.) 

4. F (A lipid bilayer has water on both sides and a fatty zone in the center.) 

Chapter 5. Separation and Purification 

Fill in the Blanks 

1. pot, condenser, receiver 

2. retention time 

3. sublimation, crystallization 

4. essential oils 

5. retention factor 

6. gas 
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Matching 

1. c 
2. A 

,.. 

3. E 
4. D ,.. 

5. B 

True or False 

1. T 

2. T 

3. F 

Chapter 6. Analysis 

Fill in the Blanks 

1. peroxide 
2. ultraviolet 
3. infared, mass 
4. nuclear magnetic resonance 

5. mass spectrum, retention time 

6. gas chromatography, organoleptic evaluation 

Multiple Choice 

1. B 
2. B 

3. c 
4. B 

True or False 

1. T 
2. F (A pure sample is required.) 

3. T 
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Chapter 7. Chemical Reactivity 

Fill in the Blanks 

1. energy, heat 

2. energy, increase 

3. enthalpy, entropy 

4. free energy, entropy, temperature 

5. equilibrium 

6. energy of activation 

7. catalyst 

Multiple Choice 

1. B 

2. A 

3. c 
4. B 

5. A 

6. A 

Chapter 8. Chemistry and Perfume 1-Acid/Base Reactions 

Fill in the Blanks 

1. acid 
-.. 2. strong 

-.. 3. Friedel-Crafts 

-.. 4. inductive 

5. Grignard -.. 
6. acetal, Schiff's base -.. 
7. Michael 

-.. 

True or False 

1. T 
2. F (A base generates the same anions as the solvent.) 

3. F (The terms strong and weak are not associated with concentrated and dilute.) 

4. F (Weak bases have a lower pH than strong bases.) 

5. T 
6. F (The pH of human skin is 5.5.) 
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7. T 
8. F (An electrophile accepts an electron pair, making it a Lewis acid.) 
9. F (Esters will be hydrolyzed in alkaline products.) 

10. T 

11. T 

Chapter 9. Chemistry and Perfume 1-0xidation and 

Reduction Reactions 

Fill in the Blanks 

1. losing, gaining, losing 
2. carbon dioxide 

3. zero 
4. propagation 
5. ethane, diamond 

6. autoxidation 
7. phenolic 
8. gaining, oxygen, hydrogen 
9. anti-oxidants 
10. hydrogen, oxygen 
11. alcohols, carbon dioxide 

Chapter 1 0. Perfume Structure 

Matching 

1. D 

2. E 
3. c 
4. A 

5. F 
6. B 

Multiple Choice 

1. B 

2. c 
3. c 
4. B 
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..... Fill in the Blanks 

..... 
1. detectable 

..... 
2. aldehydic 

..... 3. floral 

...._ 4 . citrus, floral 

5. polarity, weight 

Chapter 11. Chemistry in Consumer Goods 

True or False 

1. T 

2. T 
3. F (The pH of anti-perspirants is typically acidic, about 3 to 3.5.) 

4. F (Bases can be used for pH control.) 

5. T 

6. T 

7. F (Ascorbic acid and sodium bisulphate are used as reductants to prevent oxidation.) 

8. T 

9. T 

10. T 

11. F (Traces of iron will more often than not be found in perfumed consumer goods from either 

production machinery or the product container.) 

12. F (Chelating agents are used to protect fragrances from reactive metal ions.) 

13. T 
14. T 

15. T 

Chapter 12. The Chemistry of Living Organisms 

Fill in the Blanks 

1. adenine, cytosine, guanine, thymine 

2. toxin 

3. carbohydrates, lipids, nucleic acids, proteins 

4. globular 

5. acute 

6. antibodies 
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Matching 

1. G 

2. A 

3. c 
4. F 
5. D 

6. E 

7. B 

True or False 

1. F (Chirality can radically impact molecular recognition.) 
2. F (Secondary metabolites are present in a limited range of species.) 
3. T 
4. F (Skin irritation does not involve the immune system.) 
5. T 

Chapter 13. The Mechanism of Olfaction 

Fill in the Blanks 

1. olfactory epithelium, nasal cavity 
2. cribiform plate, olfactory bulb 

3. second messengers, ion channel 
4. amygdala, piriform cortex 
5. context, expectation, experience 

True or False 

1. T 
2. F (Human use only 350-400 olfactory receptors.) 

3. T 

4. T 
5. F (An odorant may block a receptor from recognizing a second odorant.) 
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Labeling 

CILIA 

.A. 

ODORANT 
MOLECULES 

AMYGDALA 

TRIGEMINAL PIRIFORM 
NERVE CORTEX 

Chapter 14. Natural Fragrance Ingredients 

Matching 

1. E 
2. c 
3. B 

4. D 

5. A 

Fill in the Blanks 

1. terpenoid 
2. ATP, CoA, NADP 

3. terpenoid 
4. lirnonene 

5. naphthofuran 
6. prephenic acid, cinnarnaldehyde, coumarin, ferulic acid 
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True or False 

1. T 
2. T 

3. F (Geraniol, citronellol, linalool and citral are some of the significant acyclic monoterpenoids.) 

Chapter 15. Synthetic Fragrance Ingredients 

Fill in the Blanks 

1. citrus oils 

2. availability, price, security 

3. cedarwood oils 

4. ethylene 
5. shikimates 

6. pinenes 

Matching 

1. D 

2. A 

3. B 
4. E 
5. c 

True or False 

1. T 
2. F (There are more safety issues with essential oils and their counterparts than synthetic ingredients.) 

3. T 

4. F (Random screening has a very low chance of success.) 

5. T 

Chapter 16. Chemical Information 

Fill in the Blanks 

1. citation index 

2. novel, non-obvious, useful 
3. author, CAS number, chemical formula 
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4. application, composition of matter, process 

5. abstract, citation index 

True or False 

1. T 
2. F (A patent holder has exclusive rights and can sue the infringer for damages.) 

3. T 

4. T 

5. F (A municipal library is unlikely to hold specialist publication. A major library, such as the 

Library of Congress will hold a good range of journals.) 
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