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Chapter 17

An Introduction to Organic
Chemistry, Biochemistry,
and Synthetic Polymers
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Organic Chemistry

 Organic chemistry is the
chemistry of carbon-based
compounds.

 There are two reasons why there
are millions of organic chemicals.

— Carbon atoms can form strong bonds
to other carbon atoms and still form
bonds to atoms of other elements.

— There are many different ways to
arrange the same atoms in carbon-
based compounds.



Ways to Describe
Organic Compounds

e L ewis structures H

e Condensed Formulas
CH,CH(CH,)CH,

e Line Drawings




Alkanes - Hydrocarbons (compounds
composed of carbon and hydrogen) in which all
of the carbon-carbon bonds are single bonds

One methyl group
on fourth carbon

o
Two methyl I_|I T ‘ |
groups on =~ ———
second carbon | | | |
H H H H
\_/HC H Note that all the carbon-carbon
bonds are single bonds.

H

2,2,4-trimethylpentane, CH,C(CH;),CH,CH(CH;)CHj,



Pre-ignition Knock
and Octane Rating

If the gasoline-air mixture ignites too soon, before the peak of
the stroke of the piston, the piston pushes the crankshaft
in the opposite direction, causing a vibration or "pre-ignition

If the gasoline-air mixture ignites at (or just past) the peak of the stroke
of the piston, the crankshaft is turned, which ultimately turns the wheels.

Straight-chain hydrocarbons are more likely to pre-ignite, so a gasoline that has a high percentage of
straight-chain hydrocarbons has a low octane rating.

Branched-chain hydrocarbons are less likely to pre-ignite, so a gasoline that has a high percentage of
branched-chain hydrocarbons has a high octane rating,
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Steps to Octane Rating

* Measure efficiency and degree of vibration for a

test engine running on various percentages of
heptane (a straight-chain hydrocarbon) and
2,2,4-trimethylpentane (a branched-chain
hydrocarbon).

Run the same test engine with the gasoline to be
tested, and measure its efficiency and degree of
vibration.

Assign an octane rating to the gasoline based on
comparison of the efficiency and degree of
vibration of the test engine with the gasoline and
the various percentages of 2,2,4-
trimethylpentane (octane or isooctane) and
heptane. For example, if the gasoline runs the
test engine as efficiently as 91% 2,2,4-
trimethylpentane (octane or isooctane) and 9%
heptane, it gets an octane rating of 91.



Alkenes - Hydrocarbons that
have one or more carbon-

carbon double bonds

H

The double bond H—Cc—Q
makes this H
hydrocarbon | /L | |
an alkene. H_(lj:C (‘: H
H H

2-methylpropene (isobutene), CH,C(CH;)CH,




Alkynes - Hydrocarbons that
have one or more carbon-carbon

triple bonds

The triple bond makes
this hydrocarbon an alkyrie.

H— G H D

Ethyne (acetylene), HCCH




Benzene




Arenes (or Aromatics) - Compounds that

contain the benzene ring

H
|
OH H—C—H
(CH3)3C C(CHaj)3 O,N NO,
Benzene rings
make these
compounds
CHj arenes. NO,

BHT TNT




Alcohols - compounds with one
or more -OH groups attached
to a hydrocarbon group

Alcohols have one or more

O-H funutlmul groups.

o H
H |
H~O—L—J-C—0 H \K/l\J/
HOH b

Glycerol, HOCH,CH(OH)CH,OH



"ﬂ,ﬁ
”@H{
ad

O
> 0
XD
Q2

S

O

OH

Stearic acid, CH,;(CH,),,CO,H



Ethers - two hydrocarbon
groups surrounding an

oxygen atom

Diethyl ether, CH,CH,OCH,CHj,



Aldehyde R—C—H

O— L

Li—)—il
L—)

=0

i—O—in I

2-methylbutanal, CH;CH(CH,;)CH,CHO



Ketones ()"

The R’s must be hydrocarbon ‘ I 2
groups. They cannot be R . C L. R

hydrogen atoms.
‘ jj.'\

2-propanone (acetone), CH,COCH,

H *‘O° H
|
H—C—== C—H

H H



Esters CH)

R—C—Q—FR

The R’ must be a
hydrocarbon group. It
cannot be a hydrogen atom.

35 13 .
| : “ /\)J\
H—C—C—C—C—0—C—C—H '
| ] 5/\\
H H H H H .e

Ethyl butanoate, CH,CH,CH,CO,CH,CH,



Amine b
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Trimethylamine, (CH;);N



Amides ‘O°
..
R—C—N—FR’

Rff

H *0O°

| | I L N
H—C—= ]

| |

H H

‘O°

PN

Ethanamide (acetamide), CH,CONH,

NH,



Difunctional
Compounds - GABA

HoHH .
# |
H——C— C— C— S H,N
sl | OH
: H H H H L
amine carboxylic acid

functional group functional group
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b Types of

- - Biomolecules

>  Carbohydrates

— Monosaccharides (glucose and
fructose)

— Disaccharides (maltose, lactose, and
sucrose)

— Polysaccharides (starch and cellulose)
e Amino Acids and Proteins
e Triglycerides
e Sterolids




Monosaccharides

Ketone CHOH
functional C=0
group |
HO—(lj —H
H~ (|: OH
5 (I: OH
CH,OH

Fructose

H“‘“C{"O —— Aldehyde H“c’}o
| functional |
H—({,—OH group H—(I:—OH
HO— C H HO_(I: —H
(=0 C OH — Difference HO=C<=H
| between | _
H—C—OH glucose and H—C—OH
| galactose |
CH,OH CH,OH
Glucose Galactose



Glucose

H—C—0H
|
CH,OH

glucose




Galactose

-

|
I-I—(E—OH

HO—-C—H

| =
HO—C—H
H—C—OH

|

CH,OH

galactose

OH

H

CH,OH

| O
H
OH H
H OH



Fructose

CH,OH

=0
HO—#—H o
H—C—OH
H—C— OH

(EH;_OH

Fructose



H OH

Maltose (glucose and glucose)



Sucrose

Sucrose (glucose and fructose)



Lactose

Lactose (galactose and glucose)



Amylose

CH,OH \
H O H

H

OH H

H OH/

Amylose



Amylopectin or Glycogen

CHzOH CH2OH CH,OH
O H H O H

H H

OH H OH H

H OH H OH H OH H OH 3 OH

Amylopectin



Cellulose

Cellulose



AmMmino Acids

A

amine group

N

‘O
R O—H or H,N—C—CO,H
Il-I R \ R /
carboxylic acid group
I H so H

N | . - 1
H—[*’J—(‘Z—C—Q: or  HiN (lj CO;
B R R




J J Alanine

o
o
H;N — (‘:—(202@

CH;




Formation of Ala-Ser-Gly-Cys

ll_l?r A Hllr \..HO Y e II_IO..
HN(EWOH HJ[Nl {()H l—N(rCJLQH Hl(rCOH
H CH; ° '} CH, H H ' H CH,
OH SH

lCc-ndensatiun reaction releases water

Pll () H O H =gy 1|4 *O'
L] I -I I II LY ]
. e N C N C C = C O-H + 3H;0

I
\ CHﬁ

C
H CH; I—I
peptide bonds (amide functional groups)




J Protein -
> . Bovine
. Pancreatic
Trypsin
Inhibitor
(BPTI)




Primary and Secondary
.a “*  Protein Structures

o

® e Primary Structure = the sequence
; of amino acids In the protein

 The arrangement of atoms that are
close to each other in the
polypeptide chain is called the
secondary structure of protein.

—Three types
e a-helix
e [B-sheet

'x ) e irregular




a-helix - Secondary
Structure

Ball-and-stick This ribbon ‘The two models
model of a model shows ' superimposed
portion of the the general
o-helical arrangement ..
secondary of atoms in a \l
structure of portion of the e
a protein o-helical
molecule secondary
structure of
a protein B
molecule. ‘




B-Sheet Secondary Structu
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Tertlary Protein

-\ B
ov Structure

“ « The very specific overall shape of
: the protein called its tertiary
"~ structure.

 The protein chain is held in its
tertiary structure by interactions
between the side chains of its amino
acids.
— Disulfide bonds
— Hydrogen bonds
— Salt bridges




Disulfide Bonds In Proteins

Position 5

? / }_1 Disulfide bond
Cys —CH,—S3 ? |

€ " s Cys —CH,—8 :

. q _CHE_ (:}’%

:/'S —CH z a
H Helps hold protein in Z’
Pmltmn 55 a specific shape



Hydrogen Bonding in Proteins

? Hydrogen bond
Ser — CHp— O =~~~ - H—O
\ \



Salt bridge
it \
I .0 @

Asp—CH,—C—08 -~~~ ~~~ NH;
CH,
q
CH,
Salt Bridge CHV\'

IN Proteins IL}’S



The Zad
Ribbon Disulfide )
Structure .4 \v

of the

Protein
BPTI

Irregular l N\ cr-hielix



Disruption of Salt Bridge

. Salr bridge L
IOI \ -O-
| . + | +

Asp— CH,— C SRR NH; —> Asp—CH,—C—O: NH;
K—»[—['*' (|3Hz \H (|]I—12

H, H,

(|3H2 (|ZH2

(|_TH; (|ZH2

J\ L}"S J\ L}’S



Triglycerides (Fats and

Olls)
H O
H—(|:—§§ S R,
| T \
H-C—O s R, — Hydrocarbon groups
| o /
H—(lj—ij & R;
H

triglyceride



Saturated Triglyceride -

Tristearin

L
r-O-x
o =L)=T
==
==
L=0—=I
o= =
il = =
i == T
sl kana
e = K (I
L—0—-T
L—0-—I

T-O—T




Tristearin — Line Drawing




Unsaturated Triglyceride

"‘C)-'
H-C—
.‘C)-'
Liquid triglycerides are )L/\/\A/:\/:\/\A
rich in carbon-carbon  H-C—O
double bonds. N ‘O

H—LF—ij
H



Cis and Trans

 When there is a double bond between two
carbons and when like groups are on
different carbons and the same side of the
double bond the arrangement is called cis.

 When the like groups are on opposite sides
of the double bond the arrangement Is
called trans.

. oE

\ / \ /
C=C =6
/ \ / \ .

H H H F*

cis-1,2-difluoroethene trans-1,2-difluoroethene






Hydrogenation
- Example

.‘d‘

I_|I )J\/\/\/\/W\/W
H-C—0

.'T['j'.
4'7['::.
H_le_ E:l M\N_‘\/—‘\\//—v

H
Typical vegetable oil molecule - liquid unsaturarted triglyceride

l + SHa(g)

"
H

Typical molecule in margarine - solid partially hydrogenated triglyceride



Trans Fats

e Hydrogenation is reversible.

e \WWhen the double bond iIs reformed, It is
more likely to form the more stable trans
form than the less stable cis form.

* Therefore, partial hydrogenated vegetable
olls contain trans fats, which are considered
to be damaging to your health.

H H H B C
Ne H,/Pt [ N Hp/Pt 7\ /
ot X i — A — i —C— Gl
el \_ _~ N = / \
£ Sy H H H /,(_“\

natural cis form unnatural trans form



Olestra - a Fat Substitute

-~ Fl
olestra triglyceride



Steroid Skeleton

L2

TN
N~

~_



Cholesterol

H,C

S

cholesterol



Testosterone Formation

O
“‘\\\\\OH

progesterone 17-hydroxyprogesterone

d o

H,c § H;C

androstenedione testosterone



Estradiol

testosterone

Estradiol

OH



Hydrolysis Reactions
cher ROR" — ROH + HOR

T 0 alcohol alcohol
HO
H
I 1
amide RzNCRf — RoNH + HOCR’
) amine carboxylic
HO acid
H
ﬁ? ﬂ
estert  ROCR” = ROH + HOCR’
14 alcohol carboxylic
HO acid

H



Digestion Products

Substance in Food |Products of Digestion

disaccharides monosaccharides
polysaccharides glucose
protein amino acids

Triglycerides (fats and | glycerol and fatty acids
olls)




Disruption of Salt Bridge

. Salc bridge L
‘O \ ‘O
| ® Ul = @

Asp— CH,— C — S NH, —> Asp—CH,—C—O: NH,
S "

L, S,

L, L,

(|_TI-13 c|11—12

‘_j\ LYS ‘_j\ L}"S



Amide Hydrolysis

™ ﬁ)- R '-O.'
| - |
R—fec—N—R # @ /O —H R— (‘3
H e:
amide water carboxylic acid

R
‘N—R

H
amine
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» Enzymes

,,

' , * Enzymes are naturally occurring
\ catalysts. Catalysts speed chemical
v changes without being permanently

altered themselves.

 The chemicals that they act on are called
substrates.

* Very specific due to
— Shape — “Lock and Key”

— Positions of binding groups, which attract
substrates to the active site, the portion of the
enzyme where the reaction occurs.

— Positions of the catalytic groups that speed
the reaction.




f)» el
), Enzymes Speed

“ Chemical Reactions

: * Provide a different path to
| products that has more stable
Intermediates and therefore
requires less energy.

* Give the correct orientation every
time.




I D
I—[—NJrCHgﬁl\lI{H " (\)[CJ(CH );C—0
|

H
di-amine di-carboxylic acid
l—Hzo
? ﬁ’ ‘ﬁ’
| | I|
|
H H
repeated many times l -H,0
O O
Nylon I I
] N‘(‘CH;’?X—N_C‘GCHZ)},—C n=40rto 110
Formation || | “
H H
nylon
i (h’ i 0
Examples N+ CHy 3= N—C+CH,; j-C N- CH; - N—C+CH, j3-C
| ? | n | ? | n
H H H H

nylon 66 nylon 610



Nylon-66

O O\

| 1

{rcpeated unit} N~ CHy )= N—C+CH,; }-C
n | |

H H /

general polymer formula nylon 66



Polyester Formation

] ]
H—OCHECHEO{H + [--IO}—C @ C—OH
ethylene glycol terephthalic acid

l—HgO

0 I

O O
] I T
HO—C@C{OH + H}OCHECHEO—CQC{OH + H}OCH;CHEO—H

l repeated many times

I i
‘EOCHECHEO_ C@— C} n = a large integer

poly(ethylene terephthalate)



H H
Polyethylene N/
] 7 (=0C
Formation VA
H H
ethylene

l polymerization

AR R AR
e |
R—O—?—C $—c $—C—$—c g—c ?—C—O—R
| | | | | |
H H\H HLH H H H\H H/H H

T

or more simply (I:_(|: n = a very large integer
H H/,

polyethylene



kil H

Poly(vinyl N/
hloride) "R
C H Cl
or PVC vinyl chloride

l polymerization

| | | | | |
R=0=U— U —C—E— 00— U0 —C=e—0C—O—R
oy I .
H CI\H CI4/H Cl H CI\H Cl/,H (I

Tl

or more simply (Ij_(lj n = a very large integer
EH Cly,

poly(vinyl chloride) or PVC



Addition Polymers

R fmn | [pw(p o
C—iC C—C C—C C C
H oM/ \H CHys  \H G, g
Polyethylene  Polypropylene  Poly(vinyl chloride)
or PVC

Polystyrene



Thermoplastics' Uses

M other
26%

[ packaging
32%

[ transportation
equipment
4%

_ M building and
= fllI‘I]itllI‘E - construction
3% [1 electrical ConEIE 14%

products

equipment 13%

6%




[] consumer

products
4%

[ electrical
equipment
4%

M transportation
8%

Thermosets' Uses

B adhesives and

coatings M other
4% 11%

[ building and
congtruction
69%




Recycling Codes
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