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Chapter 2Chapter 2

Properties andProperties and
FundamentalsFundamentals

Importance of Organic CompoundsImportance of Organic Compounds

•• Volatile compounds contribute toVolatile compounds contribute to
the formation of ozone andthe formation of ozone and
photochemical oxidantsphotochemical oxidants

•• Compounds can have toxicCompounds can have toxic
effects on plants and animalseffects on plants and animals

Topics CoveredTopics Covered

•• Review of organic chemistryReview of organic chemistry

•• Formation of ozone and photochemicalFormation of ozone and photochemical
smogsmog

•• Properties of organic vaporsProperties of organic vapors
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Review of Organic ChemistryReview of Organic Chemistry

•• Chemistry of the compounds of carbonChemistry of the compounds of carbon

•• Number of organic compounds exceeds 8Number of organic compounds exceeds 8
millionmillion

•• Number of inorganic compounds is aboutNumber of inorganic compounds is about
300,000300,000

Characteristics of the Carbon AtomCharacteristics of the Carbon Atom

•• Atomic number = 6Atomic number = 6
•• Atomic weight = 12Atomic weight = 12
•• Total electrons = 6Total electrons = 6

•• Valence electrons = 4Valence electrons = 4

•• Forms covalent bondsForms covalent bonds
•• SingleSingle
•• DoubleDouble
•• TripleTriple

Molecular, Structural and SemiMolecular, Structural and Semi--Structural FormulasStructural Formulas

Molecular Formula

C2H6

Structural Formula

H H

HH

C C

H H

Semi-structural Formula

CH3 CH3
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HydrocarbonsHydrocarbons

Compounds formed only from carbonCompounds formed only from carbon
and hydrogenand hydrogen

•• AlkanesAlkanes

•• AlkenesAlkenes

•• AlkynesAlkynes

•• Cyclic compoundsCyclic compounds

AlkanesAlkanes

Carbon atoms linked only by singleCarbon atoms linked only by single
bondsbonds

General formula: CGeneral formula: C nnHH2n+22n+2

Methane (CHMethane (CH44))
Ethane (CEthane (C22HH66))
Propane (CPropane (C33HH88))
Butane (CButane (C44HH1010))
Pentane (CPentane (C55HH1212))

Isomers of ButaneIsomers of Butane

H

HH

C C

H H

HH

C C

H H

H

(a)

H

H

C

H H

H

C

C H

C

H

H

H

H

(b)

nn--butanebutane ii --butanebutane
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IsomersIsomers

Compounds with the same molecularCompounds with the same molecular
formulas, but with different structuresformulas, but with different structures

•• AllAll alkanesalkanes with four or more carbon atomswith four or more carbon atoms
exist as isomersexist as isomers

•• AlkanesAlkanes with five or more carbon atomswith five or more carbon atoms
exist as more than two isomersexist as more than two isomers

AlkenesAlkenes

Hydrocarbons that contain one doubleHydrocarbons that contain one double
bondbond

General formula: CGeneral formula: CnnHH2n2n

Ethylene (CEthylene (C22HH44))
Propylene (CPropylene (C33HH66))
ButyleneButylene (C(C44HH88))
PentylenePentylene (C(C 55HH1010))

DiolefinDiolefin CompoundsCompounds

Molecular
Formula Name Structural Formula Semi-structural Formula

C4H6

C5H8

butadiene

2-methyl
butadiene

H C

H C H
C C H

HH

H H

H C C
C C H

HH

H

C

H

CH 2 CH CH CH2

CH 2 C CH CH2

CH3



Chapter 2: Properties and Fundamentals

2-5

ButyleneButylene IsomersIsomers

H

C
H C

HH

C
H

C

H

H

H

(a)

H

C
C C

HH

C

H
H

H H
H

(b)

AlkynesAlkynes

Hydrocarbons that contain one tripleHydrocarbons that contain one triple
bondbond

General formula: CGeneral formula: CnnHH2n2n--22

EthyneEthyne (C(C22HH22))
PropynePropyne (C(C33HH44))
ButyneButyne (C(C44HH66))
PentynePentyne (C(C55HH88))

Cyclic CompoundsCyclic Compounds

•• CycloparaffinsCycloparaffins

•• Aromatic hydrocarbonsAromatic hydrocarbons
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Examples ofExamples of CycloparaffinCycloparaffin CompoundsCompounds

H HC C

H H

C CH H

C yclopentane

CH
H H

H

H H

HH

C C

H H

C CH HH HC C

H H

C yclopropane

C

H H

Cyclohexane

HC C

H H

C C

C
H H

H

H
H

H
H

H
H

C

Cyclobu tane

Benzene StructureBenzene Structure

H

H

H

H

H

H

(b)

C

C

C

C

C

C

H

H

H

H

H

H
C

C

C

C

C

C

H

H

H

H

H

H

(a)

BiphenylBiphenyl

H H

H H

H H

H H

H H
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BenzoBenzo (()) pyrenepyrene

NomenclatureNomenclature

octaneoctaneCC88HH1818octoct--8 carbons8 carbons

heptaneheptaneCC77HH1616hephep--7 carbons7 carbons
hexanehexaneCC66HH1414hexhex--6 carbons6 carbons
pentanepentaneCC55HH1212pentpent--5 carbons5 carbons

butanebutaneCC44HH1010butbut --4 carbons4 carbons

propanepropaneCC33HH88propprop--3 carbons3 carbons
ethaneethaneCC22HH66etheth--2 carbons2 carbons
methanemethaneCHCH44methmeth--1 carbon1 carbon

Functional GroupsFunctional Groups

--ClClChloridesChlorides

--SHSHMercaptansMercaptans

--NHNH22AminesAmines

--OHOHAlcoholsAlcohols
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Location of SubstitutionLocation of Substitution

1,1,11,1,1--trichloroethanetrichloroethane

22--propylaminepropylamine

1,1,2,21,1,2,2--tetrachloroethylenetetrachloroethylene

PerchloroethylenePerchloroethylene

Functional Groups Containing OxygenFunctional Groups Containing Oxygen
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Common AlcoholsCommon Alcohols

H O

HH

C C

H H

HH H

H

C O

H

OCH3 CH2 CH2 HCH3

H

O

C

H

CH3

Methyl alcohol Ethyl alcohol Isopropyl alcohol
(Isopropanol )

n-propyl alcohol

PhenolsPhenols

OH

H

H

H

H
H

OH

H

H H
H

CH3

OH

H

H

H

H

CH3

Phenol Ortho-cresol
(o-cresol)

Meta- cresol
(m-cresol)

Polyhydric AlcoholsPolyhydric Alcohols

H

HH

C C

OH

H

OH

H

HH

C C

OH OH

H

C

OH

H

Ethylene glycol Glycerol
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Ether CompoundsEther Compounds

•• Diethyl etherDiethyl ether
CHCH33CHCH22--OO--CHCH22CHCH33

•• Methyl ethyl etherMethyl ethyl ether

CHCH33--OO--CHCH22CHCH33

Cyclic EthersCyclic Ethers

CH2 CH2

O

Ethylene oxide

CH CH2

O

Propylene oxide

CH3
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AldehydesAldehydes

C H

O

H

Formaldehyde Acetaldehyde

C H

O

H3C

Acrolein

C H

O

C

H

=C
H

H
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KetonesKetones

C

O

CH3

Acetone

CH3 C

O

CH3

Methyl ethyl ketone
(MEK)

CH2 CH3

AcidsAcids

C

O

CH3

Acetic acid

OHC

O

H

Formic acid

OH C

O

R

Peroxyacids

O O H

(c)(b)(a)
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Acid AnhydridesAcid Anhydrides

C

O

R

Represe ntation of an
acid anhydride

O C R

(a )

O

C

O

CH3

Aceti c anhydride

O C

(b)

O

CH3

C C

H H

C C

O O O

Maleic anhydride

(c)

Ethyl AcetateEthyl Acetate

OCH2 C

O

CH3CH3
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Organic CompoundsOrganic Compounds
Containing HalidesContaining Halides

Organic ChloridesOrganic Chlorides

Methylene
chloride

Cl C Cl

H

H

Chloroform

Cl C Cl

Cl

H

Carbon
tetrachloride

Cl C Cl

Cl

Cl

Methyl chloroform
(1,1,1 - trichloroethane)

H Cl

ClH

C C

H Cl

Chlorides of methane and ethane

OrganicOrganic ChloridesChlorides
(continued)(continued)

Chlorides of ethylene

H

HH

C C Cl

Vinyl c hlori de
(ch lor oet hen e)

= H

ClCl

C C H

Et hylen e
dich lorid e

= Cl

ClH

C C Cl

Trich loro eth ylene

= Cl

ClCl

C C Cl

Perc hlor oet hylen e

=H

ClH

C C Cl

Vin ylide ne
chl orid e

=
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OrganicOrganic ChloridesChlorides
(continued)(continued)

Other double-bonded chlorides

Allyl
chlor ide

H

HH

C C C= Cl

H

H

Chloroprene

H

H

C C C= C

Cl

= H

HH

OrganicOrganic ChloridesChlorides
(continued)(continued)

Chlor ides of benzene

Chlorobenzene

H

H

H

H

Cl

H

Benzy lchloride

H

H

H

H
H

H

H

H

H

Cl

Cl

CH2 Cl

p-dichlorobenzene

Cl H H Cl

Cl H H Cl

H H

Example of a
polychlorinated biphenyl

(PCB)

ChlorofluorocarbonsChlorofluorocarbons

Trichlorofluormethane
(Freon 11)

Cl C F

Cl

Cl

Dichlorodif luoromethane
(Freon 12)

F C F

Cl

Cl

Trichlorotrifluoroethane
(Freon 13)

Cl F

ClF

C C

F Cl
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Compounds Containing BothCompounds Containing Both
Oxygen and ChlorineOxygen and Chlorine

C

O

Cl

Phosgene

Cl

CH CH2

O

Epichlorohydri n

CH2 Cl

O

O Cl

Cl

Cl

Cl

Di oxi n (TCDD)
2,3,7,8, tetrachlorodibenzo-p-dioxin

(c)(b)(a)

Organic Compounds ContainingOrganic Compounds Containing
NitrogenNitrogen

PAN and PBN CompoundsPAN and PBN Compounds

C

O

CH3

Peroxyacetyl nitrate

NO2O O C

O

H5

Peroxybenzoyl nitrate

NO2O OC6
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Organic Compounds ContainingOrganic Compounds Containing
NitrogenNitrogen

Amine CompoundsAmine Compounds

•• Primary amine: RNHPrimary amine: RNH22

CHCH33NHNH22

•• Secondary amine: RSecondary amine: R22NHNH
CHCH33NHCNHC22HH55

•• Tertiary amine: RTertiary amine: R33NN
(C(C22HH55)) 33NN

Organic Compounds ContainingOrganic Compounds Containing
SulfurSulfur

•• MethylMethyl mercaptanmercaptan

CHCH33SHSH

•• DimethylDimethyl sulfidesulfide

CHCH33SCHSCH33
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Formation of Ozone andFormation of Ozone and
Photochemical SmogPhotochemical Smog

Photochemical ReactionsPhotochemical Reactions

*h AA  

...CBA * 

Wavelengths of interest are 280 nm to 730 nmWavelengths of interest are 280 nm to 730 nm

Variables Affecting IntensityVariables Affecting Intensity
•• LatitudeLatitude
•• Time of dayTime of day
•• Time of yearTime of year

•• Presence of clouds or aerosolsPresence of clouds or aerosols

Summer maximum = 2 x 10Summer maximum = 2 x 101616 photons cmphotons cm-- 22secsec--11

for 4for 4--6 hours6 hours
Winter values = 0.7Winter values = 0.7--1.5 x 101.5 x 101616 photons cmphotons cm--22secsec--11

for 2for 2--4 hours4 hours



Chapter 2: Properties and Fundamentals

2-19

Energy Absorbing MoleculesEnergy Absorbing Molecules

•• NONO22

•• OO33

•• HH22OO22

•• HNOHNO22

•• AldehydesAldehydes

•• KetonesKetones

Basic Photochemical CycleBasic Photochemical Cycle

223

3
M

2

h
2

ONONOO

OOO

ONONO





 

Role ofRole of VOCsVOCs



 

OH2OHO

OOO

2
*

2
*h

3

Understanding OHUnderstanding OH·· reactions isreactions is keykey
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Reactions of FormaldehydeReactions of Formaldehyde

Photolysis:Photolysis:

  HCOHHCHO h

Reaction with OH:Reaction with OH:

OHHCOOHHCHO 2

Reactions of Formaldehyde (contReactions of Formaldehyde (cont’’d)d)

 2
M

2 HOOH

COHOOHCO 22 

Reactions of Formaldehyde (contReactions of Formaldehyde (cont’’d)d)

 OHNONOHO 22

32 HNONOOH 
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Reactions of AcetaldehydeReactions of Acetaldehyde

Photolysis:Photolysis:

  HCOCHCHOCH 3
h

3

Reaction with OH:Reaction with OH:

OHCOCHOHCHOCH 233 

Reactions of Acetaldehyde (contReactions of Acetaldehyde (cont’’d)d)

 2323 OCHOCH

 OCHNONOOCH 3223

 223 HOHCHOOOCH

Reactions of Acetaldehyde (contReactions of Acetaldehyde (cont’’d)d)

 2323 COOCHOCOCH

 COOCHNONOCOOCH 3223

22323 COOCHOCOOCH 

223223 NOCOOCHNOCOOCH 
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SummarySummary

3
M

2

h
2

OOO

ONONO



 



 

OH2OHO

OOO

2
*

2
*h

3

Photolysis ofPhotolysis of AldehydesAldehydes

 HCORRCHO hν

COHOOHCO 22 

 22 ROOR

Reaction of OH withReaction of OH with AldehydesAldehydes

OHRCOOHRCHO 2

 22 RCOOORCO

 RCOONONORCOO 22

2CORRCOO 

 22 ROOR
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Reaction of OH with HydrocarbonsReaction of OH with Hydrocarbons

OHROHRH 2

 22 ROOR

 RONONORO 22

RCHOHOORO 22 

 OHNONOHO 22

22 RONONORO 

Properties of Organic VaporsProperties of Organic Vapors
•• Gas and vapor definitionsGas and vapor definitions
•• Molecular weight and the moleMolecular weight and the mole
•• Equation of stateEquation of state
•• Vapor pressureVapor pressure

•• Partial pressure and partial volumePartial pressure and partial volume

•• Concentration expressionsConcentration expressions

•• Explosive limitsExplosive limits

Gas and Vapor DefinitionsGas and Vapor Definitions

•• A gaseous material below its criticalA gaseous material below its critical
temperature is a vapor. Compressing atemperature is a vapor. Compressing a
vapor at constant temperature will cause itvapor at constant temperature will cause it
to condense.to condense.

•• A gaseous material above its criticalA gaseous material above its critical
temperature is a gas. Compressing a gastemperature is a gas. Compressing a gas
at constant temperature will not cause it toat constant temperature will not cause it to
condense.condense.
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Molecular WeightMolecular Weight

Molecular weight is the sum of the atomicMolecular weight is the sum of the atomic
weights of all atoms in a moleculeweights of all atoms in a molecule





n

1i
iimixture MWMW

ii = mole fraction of component I= mole fraction of component I

MWMW ii = molecular weight of component i= molecular weight of component i

The MoleThe Mole

A mole is a mass of material that contains aA mole is a mass of material that contains a
certain number of molecules. It is numericallycertain number of molecules. It is numerically

equal to the molecular weight.equal to the molecular weight.

The gramThe gram--mole is the mass of material thatmole is the mass of material that
contains Avogadrocontains Avogadro’’s number of molecules.s number of molecules.

Equation of StateEquation of State

The ideal gas law:The ideal gas law:

PV =PV = nRTnRT

P = absolute pressureP = absolute pressure
V = gas volumeV = gas volume
n = number of molesn = number of moles
R = constantR = constant
T = absolute temperatureT = absolute temperature
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Values for RValues for R

10.73 psia10.73 psia--ftft33/lb/lb--molemole--°°RR

0.73 atm0.73 atm--ftft33/lb/lb--molemole--°°RR

82.06 atm82.06 atm--cmcm33/g/g--molemole--KK

8.31 x 108.31 x 1033 kPakPa--mm33/kg/kg--molemole--KK

)CONSTANTnif(CONSTANTnR
T

PV


2

22

1

11

T
VP

T
VP





















2

1

1

2
21 T

T
P
P

VV

Volume CorrectionVolume Correction

Molar VolumeMolar Volume

P
RT

n
V


 

molelb
ft4.385

atm1

R528
Rmolelb

ftatm
73.0

P
RT

n
V 3

3


















At 68At 68°°F and 1F and 1 atmatm::
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Gas DensityGas Density

RT
MW

m
PV 








RT
MWP

V
m 


Vapor PressureVapor Pressure

CT
B

A)pln( *




Antoine equation:Antoine equation:

p* = vapor pressurep* = vapor pressure

T = temperatureT = temperature

A,B,C = constantsA,B,C = constants

Partial PressurePartial Pressure

Dalton stated that the total pressure of aDalton stated that the total pressure of a
gas mixture is the sum of the individualgas mixture is the sum of the individual

pressures of each componentpressures of each component

T

i

T

i

n
n

P
p
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Partial VolumePartial Volume

AmagatAmagat stated that the total volume of astated that the total volume of a
gas mixture is the sum of the individualgas mixture is the sum of the individual

volumes of each componentvolumes of each component

T

i

T

i

n
n

V




T

i

T

i

T

i

Vn
n

P
p 



Concentration ExpressionsConcentration Expressions

•• Partial pressurePartial pressure

•• Parts per million by volume (Parts per million by volume (ppmvppmv))

•• Mass per unit volumeMass per unit volume

6

T

i
i 10x

V
ppmv 
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VOCmolelb
VOClb

MW
VOCft

VOCmolelb
V

1
ft10

VOCft1
ppmv1 VOC3

molar
36

3

36
molar

VOC

ft
VOClb

10xV
MW

ppmv1 

Conversion EquationConversion Equation

Explosive LimitsExplosive Limits

•• LEL is the concentration of VOC belowLEL is the concentration of VOC below
which combustion will not be selfwhich combustion will not be self--
sustainingsustaining

•• UEL is the concentration of VOC thatUEL is the concentration of VOC that
produces a nonproduces a non--burning mixture becauseburning mixture because
of the lack of oxygenof the lack of oxygen

Explosive Limits of SelectedExplosive Limits of Selected VOCsVOCs

Explosive Limit (Volume %)

Lower Upper

Methane 5.00 15.00

n-Hexane 1.18 7.40

Ethylene 2.75 28.60

Toluene 1.27 6.75

Xylene 1.00 6.00

Methanol 6.72 36.50

Ethanol 3.28 18.95

Gasoline 1.40 7.60

Substance


