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... the basics of ... odor sources
) ) ... the world of
volatile organic odor based on
compounds L chemical
characterization

(VOCs) and odors information




Whatis a VOC?

Volatile Organic Compounds

» Contains Carbon and Hydrogen

®»Size: 6 — 16 Carbons
OR

» Boiling Point: 50 — 250 °C




Functional Groups
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FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUF, ‘R’ REPRESENTS THE REST OF THE MOLECULE, AND "X’ REPRESENTS ANY HALOGEN ATOM.

. HYDROCARBONS . SIMPLE OXYGEN HETEROATOMICS . HALOGEN HETEROATOMICS

ALKANE

Naming: -ane
e.g. ethane

ALDEHYDE

Naming: -al
e.g. ethanal

R—NH,

AMINE
Naming: -amine
e.g. ethanamine

ALKENE

Naming: -ene
e.g. ethene

KETONE

Naming: -one
€.g. propanone

R—C=N

NITRILE
Naming: -nitrile
e.g. ethanenitrile

ALKYNE
Naming: -yne
e.g. ethyne

CARBOXVYLIC ACID

Naming: -oic acid
e.g. ethanoic acid

IMINE
Naming: -imine
e.g. ethanimine

CARBONYL COMPOUNDS
ALCOHOL ETHER
Naming: -ol Naming: -oxy -ane
e.g. ethanol e.g. methoxyethane
P I
R N07 R, R “OR,
ACID ANHYDRIDE ESTER

Naming: -oic anhydride
e.g. ethanoic anhydride

ISOCYANATE
Naming: -yl isocyanate
e.g. ethyl isocyanate

Naming: -yl -oate
e.g. ethyl ethanoate

AZ0 COMPOUND
Naming: azo-
e.g. azoethane

NITROGEM-BASED

EPOXIDE

Naming: -ene oxide
e.g. ethene oxide

0
]

R” ~NH,

AMIDE
Naming: -amide
e.g. ethanamide

THIOL
Naming: -thiol
e.g. methanethiol

SULFUR-BASED . AROMATIC

HALOALKANE

Naming: halo-
e.g. chloroethane

ACYL HALIDE

Naming: -oy! halide
e.g. ethanoyl chloride

)

ARENE

Naming: -yl benzene
e.g. ethyl benzene

,@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem

This graphic is shared under a Creative Commeons Attribution-NonCommercial-MoDerivatives licence.

SO0



g = Illlrnlng- SITIOKE mos o0 ey
bry £3 ECOcoa humt @ S5

a | e l cmmms

3 socks %n
uum lltd% fasly 8 el

‘chocolate

thocotatey ™ ! -




Odor Sources

Animals
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50% of ... /&/'Q

Detection

Detect Odor without
characterizing it

Odor

Respond to Odor

Recognition

dentify Specific Odor




0 - No Odor

1 - Very Weak
(Threshold)

2 — Weak

3 — Distinct

4 — Strong

5 — Very Strong
6 — Intolerable
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Perfume
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Perfume O/»

VEGETABLE-LIKE

C’s/.

green resinous
watery anti- camphory
erogenic
fruity minty
aromatic
soothing fresh woody
flowery herb-like
SWEET narcotic stimulating BITTER
mossy
sultry exalting burning
honey-like dusty
erogenic rancid
faecal fatty, greasy
urine-like cheesy

ALKALINE

ANIMAL-LIKE




Concentration Character Compound

(Ppb)
9 * - Sulfur dioxide
0.47 Rotten eggs Hydrogen sulfide
210 Sulfide Carbon disulfide
210 Green/sweet Acetaldehyde
1000 Pungent Formaldehyde
2.1 Pungent Methyl mercaptan
47 Medicinal Phenol
0.21 Fishy, pungent Trimethyl amine
210 Burnt sweet Acrolein

* All concentrations are in parts per billion (ppb)
G. Leonardos (Odor Threshold Determinations of 53 Odorant Chemicals)







Odor vs Chemical

» Odors are perception of the
physiological process

» Chemicals (VOCs) are what starts that
process

» Odors and physical symptoms are both
effects

» Odor compound may or may not be
responsible for physical symptoms; there
IS no specific relationship linking the odor
to other effects




What Causes Release of Chemicals

Damage
» Cut
®» Decomposition/decay/death

Chemical conversion
(e.g., photosynthesis, plant respiration)

Stress

Attract or Repel
®» Pheromones




Organic Chemistry
Table of crganic compounds and their smells
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from the carboxylic acid (second word)

Esters
Table of esters and their smells
from the alcohol (first word)

methyl ethyl propyl 2-methyl  butyl pentyl hexyl benzyl heptyl octyl nonyl

lcarbon  2carbons 3 aarbons  propyl dcarbons Scarbons 6carbons benzenering 7 carbons B carbons 9 carbons

methanoate
1 carbon ETHEREAL

L |

“GREEN™ 7»- z

ethanoate \ -
2 carbons &

Q)

propancate
3 carbons

2-methyl propanoate
4 carbons, branched

butancate
4 carbons

pentancate
5 carbons

‘.

hexanoate
6 carbons

&

benzoate
benzene ring

T e
7
| :E

heptanoate

7 carbons

[

salicylate
from salicylic acid

T
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octanocate ’ \,—.\ ) "

8 carbons 1":“':)'. o]
D) 5

phenylacetate K Bl

benzene ring + 2 carbons

5
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benzene ring + propencl

decanoate
10 carbons

!L(Q
|

Produced by James at jameskennedymonash.wordpress.com. Visit website for more infographics. Free to use!




Ethyl heptanoate

apricot, cherry, grape, raspberry

Esters |

0
Ethyl isovalerate )\)\o | apple
0
Ethyl lactate /\(H/ butter, cream Methy| salicylate (oil of wintergreen) (:d‘ 0" | Modern root beer, wintergreen, Germolene and Ralgex ointments (UK)
H
H
Ethyl nonanoate ~~~Jn | grape Nonyl caprylate A | OTANGE
a
Ethyl pentanoate o~ | BPPlE Oclyl acetate K | Truity-orange
Geranyl acetate Aok | geranium Octyl butyrate A~ | PETSNIP
Geranyl butyrate A A~ | chermy Amyl acetale (pentyl acetate) i -~ | 3Pple, banana
Geranyl pentanoate LA | apple Pentyl butyrate (amyl butyrate) X ~_~_. | apricot, pear. pineapple
[+]
Isobutyl acetate \l/\ak cherry, raspberry, strawberry Pentyl hexanoate (amyl caproate) A~ | 2pple, pineapple
LUty aLciaws /‘\D/\/\‘ appis, Huncy pERt‘ﬂ pentancate (amyl valerate) v‘vifw apple
: o]
Butyl butyrate ~ K~ | pineapple Propyl acetate L A | pear

Isoamyl acetate

pear, banana (flavoring in Pear drops)

Isopropy! acetate

fruity

Linalyl acetate

lavender, sage

Methyl anthranilate

Methyl benzoate

grape, jasmine

fruity, ylang ylang, feijoa

[+
Linaly! butyrate > peach Methy! butyrate (methyl butanoate) pineapple, apple, strawberry

[+]
i 9 1 -
Linalyl formate d apple, peach Methyl cinnamate @/‘VI\: strawberry

Nnow
0] Methyl pentanoate (methyl valerate L | nowe

Methyl acetate )I\ _ |gue it ety NosnAo i

o Methyl phenylacetate Q\j\f honey
Methyl anthranilate (:(i 0~ | grape, jasmine i

Methyl salicylate (oil of wintergreen)

Modern root beer, wintergreen, Germolene and Ralgex ointments (UK)

H
o ! I
Methyl benzoate ©)Lof fruity, ylang ylang, feijoa Nonyl caprylate ~ ~~ | Orange
Octyl acetate A | fruity-orange
Methyl butyrate (methyl butanoate) /\)OLD/ pineapple, apple, strawberry Octyl butyrate ~Homn~. | ParsNIp
Amyl acetate (pentyl acetate) i -~~~ | apple, banana
Methyl cinnamate @f‘/L’ strawberry .
Pentyl butyrate (amyl butyrate) ~Hymn | apricot, pear, pineapple
Methyl pentanoate (methyl valerate) \/\io, flowery Pentyl hexanoate (amyl caproate) | ._-_I__-_ |apple, pineapple
Pentyl pentanoate (amyl valerate) | -1 - |apple
Methyl phenylacetate honey T
= Propyl acetate \/\QJ\ pear

Propyl hexanoate

blackberry, pineapple, cheese, wine
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Odor Chemistry — Seaside

The characteristic smell of the seaside stems from
volatile organic compounds that contain sulfur. Some
of these compounds are emitted by algae in the sea, as
aresult of enzymatic activity or bacterial action, whilst
others can be emitted by decomposing seaweed on
the beach itself.

COMPOUNDS FROM BACTERIA

Hydrogen sulfide gas is produced by
decomposing seaweed; the anaerobic
breakdown of sulfates in the seaweed
leads to the production of the gas. It is
toxic in high concentrations, but as it is
produced naturally in the body, humans
have mechanisms to break it down, so can
tolerate low concentrations.

- )
& - -

L

H™ " H

HYDROGEN
SULFIDE

r

O Dimethylsulfoniopropionate (DMSP)

is a compound found in algae cells,

ch\ which acts as an osmolyte (maintains
St oF cell volume and water levels). This

| compound can be broken down by

CH both enzymes and bacteria, and this

3 can produce dimethylsulfide (DMS).

DMSis considered amajor component

DIMETHYLSULFONIOPROPIONATE (DMSP) of the smell of the sea.

© CompoundChem




Odor Chemistry — Waste

A SELECTION OF ODOUR COMPOUNDS FROM HUMAN WASTE

FATTY ACIDS
Fatty acidh W Taiced contribute & nurmiber
of unpleEsant cdbirs, The Mot commaoe &
athancic (poetic] achd, But the longes chain
bengit goady aro Bsguer cifur conbrrbaton
Buthnaer [DUTyTel SO L ona of Thidka, snal
is alsc in part resporsible for the wmell of
vomds, Bioth it and pentanos; [wakerc) acd

PROPANDIC ACHD BUTANDIC ACID PENTANDIC ACID harve prred, TN TS i ROlaTon.

SULFUR-CONTAINING
SUh COMLMERAR] COMPOURDS R Thi maEn
nafourants of homan faeces. Chisl amaongss
ihate are Frdrogen fulficls, the odiows of
which s ofien desonbed &6 akin 1o rotting
wfpge. and methanethicl, whote dcdewr
ddL i P Bt S R T P Tl o6
i diour Ehr Emn M e

METHANETHIOL HYDROGEN SULFIDE CORCHNLIMICNT Ky v Significant mpact.

MITROGEN-CONTAIMING
ke e ehatods are both convigueris of
Taees B Dotk bywe o Taecnl, snemial oo,
.8 ‘T;WH ﬂmmmm

pltum
“#MWMMﬂrﬂmm
thg offcad Dhreshacdd For iremschelsming i

© CompoundChem




Odor Chemistry — Roses

0 0
@\/\ h g
OH

2-PHENYLETHANOL B-DAMASCENOMNE

!

The aroma of roses is contributed to by a number
of different chemical compounds; some key

contributors are shown here. Their contribution
to the aroma varies and isn't tied to their
concentrations; in fact a number of them have
very low concentrations! Important contributors
are rose ketones (including damascenones,
damascones, and ionones) and (-)-cis-rose oxide.

Q o HO,
- /K):)\ N

{

%
%
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Odor Chemistry — Wet Dog

The smell of dogs is complex: multiple chemical compounds contribute which individually do not have odours associated
with dog smell, but produce it in combination. A pilot study found emitted concentrations of some compounds increased
whin dog hair was wet. Those shown on the top row below showed greater increases than those on the second row.

@@

BENZALDEHYDE PHENYLACETALDEHYDE ACETALDEHYDE PHENOL 2-METHYLBUTANAL
almond- ke honaryflosal Frusity fmusty rmeecicinal mus by ot ty
p-CRESOL DIMETHYLTRISULFIDE ~ 1-0CTEN-3-0L 2-NONANONE AT
fairal fulfunous mughrgom-like fruity :-arth\r
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Good Smells vs Bad Smells




... the basics of ... the world of ... odor sources
volatile organic odor based on
compounds characterization chemical

(VOCs) and odors and measurement information




Sense of Smell
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Facets

»Sources
»Thresholds
»|ntensity
»Tone

» Character




VOCs

»C and H
»\/olatility
®»emperature

»Humidity
»Functional Groups
» Specific Order




FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUF, ‘R’ REPRESENTS THE REST OF THE MOLECULE, AND "X’ REPRESENTS ANY HALOGEN ATOM.

. HYDROCARBONS . SIMPLE OXYGEN HETEROATOMICS . HALOGEN HETEROATOMICS

ALKANE

Naming: -ane
e.g. ethane

ALDEHYDE

Naming: -al
e.g. ethanal

R—NH,

AMINE
Naming: -amine
e.g. ethanamine

ALKENE

Naming: -ene
e.g. ethene

KETONE

Naming: -one
€.g. propanone

R—C=N

NITRILE
Naming: -nitrile
e.g. ethanenitrile

ALKYNE
Naming: -yne
e.g. ethyne

CARBOXVYLIC ACID

Naming: -oic acid
e.g. ethanoic acid

IMINE
Naming: -imine
e.g. ethanimine

CARBONYL COMPOUNDS
ALCOHOL ETHER
Naming: -ol Naming: -oxy -ane
e.g. ethanol e.g. methoxyethane
P I
R N07 R, R “OR,
ACID ANHYDRIDE ESTER

Naming: -oic anhydride
e.g. ethanoic anhydride

ISOCYANATE
Naming: -yl isocyanate
e.g. ethyl isocyanate

Naming: -yl -oate
e.g. ethyl ethanoate

AZ0 COMPOUND
Naming: azo-
e.g. azoethane

NITROGEM-BASED

EPOXIDE

Naming: -ene oxide
e.g. ethene oxide

0
]

R” ~NH,

AMIDE
Naming: -amide
e.g. ethanamide

THIOL
Naming: -thiol
e.g. methanethiol

SULFUR-BASED . AROMATIC

HALOALKANE

Naming: halo-
e.g. chloroethane

ACYL HALIDE

Naming: -oy! halide
e.g. ethanoyl chloride

)

ARENE

Naming: -yl benzene
e.g. ethyl benzene

,@ © COMPOUND INTEREST 2015 - WWW.COMPOUNDCHEM.COM | Twitter: @compoundchem | Facebook: www.facebook.com/compoundchem
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Terms

Odorant - substance capable of eliciting an olfactory response

Odor - sensation resulting from stimulation of the olfactory
organs

Detection Threshold — 50% can identify presence of odor or
odorant without characterizing it (smell something but can’t say
what it is)

Odor Threshold — concentration at which 50% of the individuals
exposed to the odorant respond

Recognition Threshold - 50% identify odorant or odor

Odor Adaptation — process by which one becomes
accustomed to odor

Odor Fatigue - total adaptation occurred through prolonged
exposure

Odor Tenacity — persistence; time odor remains perceptible
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