H,C

CH, CH;

C H C H
CHy  HiC CH,
Oranges Lemons

Limonene exists 1n two forms
that differ very little but which
have clearly different odaors.




e Vast mgority of over 20 million known
compounds are based on C:

* Generally contain C and H + other elements
o Great variety of compounds




| somer s have identical composition but
different structures

Two forms of 1Isomerism

— Constitutional (or structural)

— Stereoisomerism

Constitutional

— Same empirical formula but different atom-
to-atom connections

Ster eolsomerism

— Same atom-to-atom connections but
different arrangement in space.



Ethanol methyl ether

C,H,0 C,H,0 g
. 9 -
CH,CHL,0H LH4UCH, 1-Butene 2-Methylpropene
C;Hg C;Hg

CH,
CH,=CHCH,CH, CH,LCH,



Geometric 1Isomers can occur when thereisa
C=C double bond.

Cis-2-butene Trans-2-butene



are molecules with
non-superimposable mirror images.

e Such molecules are called )
e Pairsof chiral moleculesare

e Chiral moleculesin solution can rotate
the plane of plane polarized light.



i
$ % 1 #

P Plane of
5. | polarized light
_— B il
Munuchrrnmahc ight——10H AT WL ] Horizontally arlented
(sodium lamp) = Tl Folaroid screen
Vertically orented Al i

= 1

=] L

..:5 F }*
I

Pubrn?scmensa

e .
e No light
transmission

Tube filled with a
solution of an aptically
active compound.

Analyzer

b
{Polaroid rotated

to pass Light)



Central carbon

: b o e COUTALTLY

- Mp& generally occurs
o2 when a C atom

has 4 different
groups attached.

Lactic acid



[somer I Isomer 11

| actic acid isomersare
nonsuperimposable



These molecules are non-superimposable
mirror images.

10



These amino acids ar e non-
superimposable mirror images.

11



Right- and left-
handed seashells

TheDNA hereis
right-handed

12
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« Compoundsof C and H

e Subgroups.
—Alkanes: C-C singlebonds
—Alkenes. C=C doublebonds

—Alkynes:. carbon-carbon triple
bonds

—Aromatic: based on benzene

13
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Alkanes have the general formula
CHone -

CH, = methane
C,H = ethane
C,;Hg = propane
C,H,,=butane
C:H,, = pentane

. — -y -

14



Table 11.2 » Selected Hydrocarbons of the Alkane 15

Fa mi{yr CHHE’H + E:k

State at Room

Name Molecular Formula Temperature
methane CH,

ethane CaHg gas
propane CaHg

butane CsH1g

pentane CsHqz (pent- = 5)

hexane CeHyg (hex- = 6)

heptane (;Hq6 (hept-=T7) liguid
octane CgH1g (OCt- = 8)

nonane CoHzp (NoN- = 9)

decane CioHzz (dec- = 10)

octadecane C1gH3g (oCtadec- = 18) solid
eicosane CopHsz (eicos- = 20)

*This table lists only selected alkanes. Liquid compounds with 11-16 carbon atoms are also
known, and there are many solid alkanes with more than 18 C atoms.
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# ) .+

Gas hydrates have been known for many years, and
combustion of a sample of methane hydrateis seen on
thefront cover. Recently, however, vast deposits of
methane hydrate wer e discover ed deegp within
sediments on the floor of the world’s oceans. How these
depositswereformed isa mystery. But what is
Important istheir size. It isestimated that the global
methane hydrate deposits contain approximately 1013
tons of carbon, or about twice the combined amount in
all reserves of coal, oil, and conventional natural gas.
Now if scientists and engineers could only solvethe
problem of extracting the methane conveniently and
safely!



& 19

CH4CH,CH,CH,CH.

Pentane

T
CH,CHCH,CH
TUETE Isomersof CH ,?

2-Methylbutane

ol has 3
HaCCCH; CsHpphas3
CHaq structural isomers.

2,2-Dimethylpropane
metvipropne - c.H,, has 5

Note names of isomers| C;H,, has9




& |

Alkanes are colorless gases, liquids,
and solids

Generally unreactive (but undergo
combustion)

Not polar (or low polarity) and so are
not soluble in water.

20
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& |

All compounds areflexible.

Cyclohexane, C,H,,, hasinterconverting
“chair” and “boat” formes.

Axial H atom

Equatorial H H H

atom \
H

N

Chair form Boat form Chair form
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| | #
0 1 & 2

« How many isomersare possiblefor a
compound with the formula C,Hg?

\1 2/ \1 2/ ch\é 3/ \5—3 /CI_|
SN N

H H H CH3 H H H;C H

1-butene 2-methy| propene cis-2-butene trans-2-butene
| sobutene




23



24

11

e Alkenesare — more
bonds can form to the C atoms

* Moleculessuch asBr,, H,, HCI, HBr, and
H.,O to the double bond

H H Br Br
=G +Br —> H-C-CH
H H H

1,2-di brlc_)lmoethane




Fat placed
In Br, vapor

 Thefat in bacon ispartially unsatur ated.
Thefat adds Br, to the C=C bonds.

» Fatscan be “hydrogenated” with H.,.

25



Fat placed
In Br, vapor

26



» Fatscan be “hydrogenated” with H..

Peanut butter has partially hydrogenated

vegetable ail.

27




« Alkynes have carbon-carbon triple bonds.
 C,H,: common name = acetylene

systematic name = ethyne
Preparation:
CaC,(s) + H,O(liq) -->

C,H, (g) + Ca(OH),(s)
H:°(C,H,, g) = +226.7 kJ/mol

H,,for C.H, + O,

= —1300 kJ/mol

FxXn

28
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* Benzene, C,Hg, In the
top 25 chemicals
produced in the U.S.

e Starting point for
hundreds of other
compounds.




30

2 %

 C,H, hastwo resonance structureswith
alter nating double bonds.

e The €lectronsare % over thering.
I I I
H. _C H__C __H
HEX ﬁ:/C\ H H \ﬁ: =Gy HC\:?/C\ H
H H A

Resonance structures of benzene, GHg ~ Abbreviated representatior
of resonance structures



%

e CChondorder iIs

« C—C singlebond =154 pm
C=C bond =134 pm

« CC bondsin benzene =139 pm

electrons delocalized

>

31



Toluene

Naphthalene

32



Aniline
CH:NH,

%

Phenol
C;H-OH

33

TNT

trinitrotoluene
CeH,CH4(NOy);



34

2 % 1 4 4

Cl
)1\
/ 24_ Orthoto Cl

€

- Metato Cl
\/
A\ __ParatoCl

1,4-dimethylbenzene
Common name: Para-xylene



& — not additions — are
typical.

CHj

AICI,
+ CH3C| -

AICl;isacatalyst. Catalyststypically used in
aromatic substitutions.

35

+ HCI



See CD-ROM Screens11.5& 11.6

36
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e Characterized by -OH group
« Name: add —ol to name of hydrocarbon

37
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T

C;H-OH: how many structural isomers?

H H H H OH H

H—C——C—=C OH H—C—C—=C H

H H H H H H
1-propanoal 2-propanaol

Naming: Add -ol to name of 3-C hydrocarbon. Indicate
position of OH with number.



# 9

e Alcoholsareaderivative of water
 Many alcohols dissolve in water

M ethanol dissolves Butanol iIsNOT soluble
In water. In water.

39
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e Alcoholsburnin air

e A mixture of ethanol +
calcium acetate =
STERNO

40



Ethylene
glycol

Propylene
glycol

41



88 9

Substitution

Elimination—the
rever se of addition

42
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e Sugarsare carbohydrates, compounds
with the formula C,(H,0),.

CHO 1
H——OH 2
HO——H 3
H——OH 4

H——OH 5
CH,OH

a-D-glucose b-D-glucose

Open chain form

What Isthe difference between a and b D-glucose?




. O OH
H
a-D-Glucose 5 H O‘ H IL H
HO Ribose, a pentose in
O the DNA backbone
Fructose H



Alcohols are derivatives of H,O (R-OH)
and are derivatives of NH.,.

Methylamine Dimethylamine Trimethylamine

45



Amines generally have terrible odors!

Cadaverine
Pyridine

46
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Amines, like NH, are bases
2 CgHsNHo(ag) + HoSO4(aq) —»2 CgHsNH3* (ag) + SO,4% (aq)

Aniline Anilinium ion



Nicotine

43

Many natural
products
and drugs
(such as
nicotine and
cocaine) are
bases.



(———0

Aldehyde

Carboxylic acid

Ketone

49
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Cinnamaldehyde Odorsfrom aldehydes and
ketones



&

ol

Acetic acid

Acidsarefound In
many natural
substances: bread,
fruits, milk, wine

Benzoic acid

Carboxylic acid group
with acidic H*
All are WEAK acids




SV

&
cl)\c/o
Formic acid, @O\«CHE
HCO,H, gives °
thestingtoants. | Aspirin, acetylsalicylic acid




7 4

93



o4

@) @)
| " |
Acetic acid Ethanol Ethyl acetate
@) @)
RC + R—O > RC—O—R + H,0
Carboxylicacid  Alcohol Ester

i



99
# <

Acetic acid 3-methylbutanaol
\ J
Y

CHa

I
C—O CHZCHZC‘IHCH&_?"

3-methylbutylacetate

H3C



Combine thiswith long chain acids ------
Fatty acids ---> fatsand olls

o6




o

H,G—O—CR
O

HG—O—CR

T
H,C—O—CR
What Isthe

functional group In a
fat or oil?

R = organic group
with NO C=C bonds
C,,=Lauricacid
C,; = Palmitic acid
C.,s= Stearic acid

Y

R = organic group
with C=C bonds
C,s = olecacid




Hzc—o—éR 58

HC—O—&R 5

HZC—O—&R

Fats with C=C bondsare usually LIQUDS ‘

Olac acid: a
monounsatur ated
fatty acid

~\

C=C bond
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H, —O—@R
H(‘I—O—ER 5
HZC—O—&R
Fatswith saturated acids (no C=C bonds)

are SOLIDS.

Satur ated fats are
mor e common In
animals.
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5 $ 2

*Bear s gorge on blubber
In the winter .

During the summer
bearsrely on stored fat
for energy.

Burn 1-1.5 kg of fat per
day.

*\Water for metabolism
comes from fat burning.
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5

*Oleic acid isa mono—unsaturated cis-
fatty acid

eTransfatty acids have deleterious health
effects.

*Transfatty acidsraise plasma LDL
cholesterol and lower HDL levels.

~\

C=C bond
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5 |
Glyceryl stearate, a fat + NaOH
%
CH2~O—éR
CH—O-CR  +3NaOH
0O
& v
CH,—O-CR

R =—(CH3)16CH3 o
C|_||_O H 3 R O Na+
CH,—O H Sodium stearate, a soap
Glyceral



N-methylacetamide

63



Amide link

Acetoaminophen

Tylenol, Datril, Momentum, ...

64
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H,N—C——C—OH

Amine Acid

Chiral a-carbon

Alanine ‘/

/ o, //1/,/N H3
\coz

65
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_|_
H N / o HOCH,, H o8
HcH, o+ 6N !
Alanine Srine
peptide bond
HOCH, (})‘\
>YH o

Adding more peptidelinks---> PROTEIN



« Glant molecules made by joining many
small molecules called

e Average production i1s 150 kg per person
annually in the U.S.

6/
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 Thermoplastics (polyethylene) soften and
flow when heated

 Thermosetting plastics — soft initially

but set to solid when heated. Cannot be
r esoftened.

e Other classification: &
' ' # 4

68



$ $

polymers— directly
adding monomer unitstogether
polymers —
combining monomer units and
splitting out a small water (water)

69
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n H.G——CH, —— T C
| H Hn
Ethylene Polyethylene

A polymer with a molar mass of
1e6 has about 36,0000 units.




%
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T

Branched, low density
PE, LDPE

Linear, high density PE
(HDPE)

Cross-linked PE, CLPE

2
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$ #

Polymers based on Substituted Ethylenes, CH,=CHX

CHZCH CHZCH H2CH
OCCH3

polyvinyl alcohol polyvinyl acetate polystyrene

Table 11.12: othersare PVC, acrylonitrile,
polypropylene, polymethyl methacrylate



* Polystyreneisnonpolar material and dissolves
IN or ganic solvents.

o PSfoam ismostly air, and when it dissolvesit
collapsesto a much smaller volume.

4



75

Simeis
polyvinylalcohol
cross-linked
with boric acid



$

O O
n HO&L@%OH + n HOCH,CH,OH ——>

terephthalic acid ethylene glycol

/ @COCHZCHZ + H,0

n

Polyethylene terephthalate (PEI), apolyester

76



Jackets made from recycled
PET soda bottles

Soda bottles, mylar
film.

[’
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 DPE = Lowdensity PE = 0.910-0.925 g/cm?
HDPE =  High density PE = 0.941-0.965
PP = Polypropylene =0.90

= PV C (Vinyl chloride) = 1.30-1.58




