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Table 24.5
Formulas, Names, and Structures of the First Ten Straight-Chain Alkanes

Elemental
Name Formula Condensed Structural Formula Molecular model
Methane CH, CH, 0
Ethane C,H, CH,CH, w
Propane C.H, CH,CH,CH, @
Butane Cc.H,, CH,CH,CH,CH, m
Pentane C.H,, CH,CH,CH,CH,CH, m

Hexane C.H,, CH,CH,CH,CH,CH,CH, &
Heptane C CH,CH,CH,CH,CH,CH,CH, &
Octane O H . CH,CH,CH,CH,CH,CH,CH,CH, M
Nonane CF CH,CH,,CH,CH,CH,CH,CH,CH,CH, m
I 2 o CH,CH,CH,CH,CH,CH,CH,CH,CH,CH, w

Decane C
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SOME COMMON FUNCTIONAL GROUPS

Functional Group

Hydroxyl
—CH
{or HO—)

Carbonyl

\CCI
&

Carboxyl
—GOOH

Aming
—MH;
(er HN —)

—0—H

General Formula

——

Name of Compounds

Alcohaols

Aldehydes

Ketones

Carboxylic acids

Amines

(.2

Acetone

| 7
H—C—C

|~ “SoH
Acetic acid

H
|
H— if —N\
H
H
Methylaming

Where Else Found

Sugars;
water-soluble vitamins

Some sugars;
formaldehyde (a preservative]

Some sugars;
“ketone bodies™ in unine
tfrom fat breakdown)

Amino acids; proteing;
some vitamins; fatty acids

Aming acids,; proteins;
urea in urne (from protein
breakdown)
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COOH carboxylic
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COOH acid
Oxalic acid
K
H_? —OH| < hydroxyl
H
Methanol
hydroxyl
v Y Yy
Ot
Phenol
H
\\
C—
I—I/ -« aldehyde

Formaldehyde

H H
[ e
H— C +N - amine
1 ~
H H

Methylamine

H it
nitro
H_ C__N02
' compounds
H
Nitromethane
o sulfonic
1
@-—S—OH - acids
1
@

Benzenesulfonic acid

H H
I 1 .
cl—-C —Cc+4cl| |=+—organohalides

1 1
H H

1,2-Dichloroethane
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H—(II—H +Cl, Light or heat: H—?—Cl + HCl
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H. 3 7
+Cl
cl—C —cl % c_c_q 2 . Cl—C —cl
| | |
H H Cl oS W51 S

+ HCI + HCI + HCI



Table 5-2. Examples of halogenated hydrocar bons

Name Formula Name Formula
Chloromethane CHsCI 1,1,2,2-Tetrachloroethane Cl,CH—-CHCI,
Bromomethane CHsBr 1,1,1,2-Tetrachloroethane ClsC—CHCI
Dichloromethane CH:Cl; Pentachloroethane ClsC—CHCI
Trichloromethane CHCls Hexachloroethane ClsC—-CCls
Tetrachloromethane CCl4 2-Chloropropane CH3;—CHCI-CHz3
Bromodichloromethane CHCI,Br ihzlolrjtlg:g;:\%s BrCH-BrCH—CH,ClI
Trichlorofluoromethane CClsF Chloroethene CH,= CHCI
Chlorodifluoromethane CHCIF; 1,1-Dichloroethene CHz= CCl2
Dichlorodifluoromethane  CCl3F> Trichloroethene CICH= CCl;
Chloroethane CHs—CHCI Tetrachloroethene Cl.C= CCl
1,2-Dichloroethane CICH-CHCI 1-Chloropropene CICH= CH—CHjs
1,1,1-Trichloroethane CH3—CCl3 1,3-Dichloropropene CICH= CH—-CH-CI
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Methanethiol

H H
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H—c—s—c—H
H H

Dimethyl sulfide

II\ 11
N C N
- ~
H H

T hiourea

Benzeneosulfonic acid

Benzenethiol

H H
1
H—Cc—s—s—c—H
1
H H

Dimethyl disulfide

RN
I |
H—c—s—c—H

H H
Dimethylsulfoxide (DMSO)
o <
H— C O S OH
r S

Methylsulfuric acid



Phosphinous acid

CH,
\
P —OH
/

CH,

Dimethylphosphinic
acid

Phosphinic acid

CH;—O —P=0
O_CH3

Trimethyl phosphate
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Ammonia

NH,

—T—H
H

A primary amine

(RNH,)

CH,CH,NH,

A secondary amine

(R,NH)

(CH;CH,),NH

A tertiary amine

(R3N)

(CH3CHy)3N
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Cocaine hydrochloride Cocaine (“free base”)

Timberlake, Genaral, Organic. and Blological Chemizty. Copyright & Pearson Education Inc,, publishing &s Benjamin Cummings
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#
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CH;—C—0 HO HO
Herain Morphine Codeine

Timbarlake, General, Orqanip, and Biofogical Chemistey. Gopyright & Pearson Education Inc,, publishing &5 Benjamin Cummings
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Lhl
0 | Meperidine
CH;— GHE“\ [ = CH; (Demerol)
/ N— CHE— CH-E'—' 0—C *:; ' f'_ HH:
CH;—CH, =
Procaine (Novocaine)

- N—CH;—C—NH—()
Cocaine CH,—CH,” CH;,,f""- 4

Lidocaine (Xylocaine)

Timbariake, General, Organic, and Bloiogical Chemisty. Copyright & Pearson Education Inc., publishing &8 Banjamin Cummings
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Monomer unit & .
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N

terephthalic acid + ethylene glycol e poly(ethylene terephthalate)

7 ? 0 o 7
HO—C—(CH,)=C—=OH + H|=N —(CH,)=N—H & HO|— C—(CH?_)-C S CHz) —N|—H+ H.O

adipic acid + hexamethylene diamine = polyamide (PA) nylon

oy
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Table 9.1 Some Addition Polymers

Monomer Polymer

CH.=CH, —(CH,;—CH,J;

ethylene polyethylene
{ethene)

CH,=CHCH, CH:,—{|:I—I
propylene CH,
(propene) e

polypropylene
CH,—CHCI CHz—(le
vinyl chloride Cl
{(chloroethene) ) "
poly(vinyl chloride)
(PVC)
CH,— CHCN CH,—CH
acrylonitrile Cle i
polyacrylonitrile
(Orlon, Acrilan)
CH;,—CH
CH,=CH
styrene
polystyrene
CF,=CF, —CFE,—CF,};
tetrafluoroethylene Teflon

Typical Uses

Containers, pipes, bags,
toys, wire insulation,
bottle caps

Fibers for carpets, artificial
turf, rope, fishing nets,
automobile trim

Garden hoses, floor tiles,
plumbing, artificial
leather, food wrap,
credit cards

Fibers for cloth, carpets,

upholstery

Styrofoam, hot-drink cups,
insulation, packaging

Nonstick coating ftor
kitchen utensils
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S J;'*" Ju‘ ester linkage + nH0
poly(ethylene terephthalate) (PET)
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adipic acid 1,6-diaminohexane adipic acid 1, 6-diaminohexane
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Monomer

Ethylene

A cH,
Propylene
Zpn
Styrene
Al

Vinyl Chloride

F,C=CF,

Tetrafluoroethylene

\
)

7

Polyethylene

Polypropylene

Polystyrene

N

)

d

Poly(vinyl chloride)

AN

)

d

Poly(tetrafluoroethylene): Teflon F2 F2

Polymer

WMCHS
S

Repeat unit

CHj;
n

CH; CH; CH; CHs; CHs CH; CHs

CH,

Ph Ph Ph  Ph Ph Ph Ph

CHs
n

Cl Cl Cl Cl Cl Cl Cl

F, F, F, F, Fp F
C\C,C\C,C(C/C§C,c\ e CE;

F,C”
F, "F, F, F,
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Monomer Polymer
O @)
\ Hy H,
HOzCOCOzH Ho” M ”  HO 0—C—C=O1H
Terephthalic Ethylene Poly(ethylene terephthalate $ N
acid glycol Ester
@) @)
- H
Adipic Acid 16 Dlamlnohexane Nylon 6,6 H H|,
Amide
O O
2/~ §u /~nl
HOZCOCOZH HZN—Q—NHZ :) HO \ / N—\\_//—N_JH
— Kevlar N
Terephthalic 1,4-Diamino
acid benzene

H
2 OH .
CN C NCO HO/\/ N

4,4-diisocyantophenylmethane Egg'g;e Spandex

H H, H
‘PL O O_ _|_|_O Cz 02 0 H/ Urethane linkage
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Monomer
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Isoprene Polyisoprene:
1y OH Natural rubber
Ho
H(I)-IO HO OH
T o °7 Poly(B-D-glycoside): v
H H cellulose i H H n
3-D-glucose
! S AR
H O Polyamino acid: F=2 |5 g F=2
R protein 1 n+1 n+2
Amino Acid
9 DNA IC|>
‘O—P—-0 -
I Base . @) FI) @) Base
O > O O
oligonucleic acid
OH DNA g
i ~
Nucleotide DNA

Base=C,G, T, A
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Figure 5.4 Linear and ring forms of glucose
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H—C— OH 5.;|: 5.
HO—at!:—H L H\ /,_|| s
W on T j’c\?“ H /5
H—C— OH o 3?—2?
H ‘e on H OH
.L

{a) Linear and ring forms

Copyright & Pearson Education, Inc., publishing as Benjamin Cummings
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H OH

(b) Abbreviated ring structure
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CHO CHo OH
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CHO HﬁDH C=0
CHO HﬁuH HD%H HDEH
|
CHO HCOH HCOH HﬁDH HEDH
| | |
HCOH HCOH HCOH HCOH HﬁDH
| | | |
CH-0OH CH- OH CH-0OH CH-OH CH- OH
Glyceraldehyde Erythrose Ribose Glucose Fructose
(trinse) (tetrose) (pentose) (hexoses)
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Figure 5.5 Examples of disaccharide synthesis
CH,OH CH_OH CH_OH 1-4 CH,OH
glycosidic
O H I!rnkage . H

H OH

H H H O H H
H H —
OH H OH H
HO OH HO OH HO
e G
H.O

2
Glucose Glucose

(a) Dehydration synthesis of maltose

CH2D; CH20H0
H il H H H
OH H H HO A
OH HO
H
o L CH,OH HO
H OH OH H
H,O
Glucose Fructose

{b)} Dehydration synthesis of sucrose
Caopyrght & Pearson Education, Ing,, publishing as Benjamin Cummings
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Figure 5.7b,c Starch and cellulose structures

CH, OH CH, OH CH, OH CH,OH
O
OH
OH

(b) Starch: 1—4 linkage of o glucose monomers

CH,OH CH,OH OH

QQQ -

CH_OH

(c) Cellulose: 1—-4 linkage of B glucose monomers
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Glucose

Fructose Sucrose

H-OH
Dehydration Ch0

synthesis H A HOCH, .0 H
N H
¥ INOH H /N\H HO —
HO o’ : 1; CH;0H + (H,0)
H  OH OH H '

(a) During dehydration synthesis, two moebcules are joined by the removahl>f a water molecule

Sucrose Glucose Fructose
G0 H
H Hydrolysis H
+ @i@ I ".#".' HO
CHLOH CH-OH
OH H H

(b) Hydrolysis reverses the steps of dehydration synthesis; a complex
molecule is broken down by the addition of a water molecule.
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MONOSACCHARIDES
Fructose Glucose (dextrose) Galactose®*
HOGH; HOCH,
HOCH, O OH a
He OH
CH,OH HO OH
CH OH
DISACCHARIDES Sucrose Maltose Lactose
{table sugar}
HDEHE HOCH, HOCH; HOCH,
HOCH, _0 0. OH HO o OH
8]
OH H
EHEDH { £
OH OH OH
Glucose +  Fructose Glucose Galactose +  Glucose
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Polymers: x 100s or 1000s

POLYSACCHARIDES

v

.. Plants Yeasts
= {? % and bacteria

f!
) S
Chitin Glycogen Cellulose Starch Dextran
{invertebrates
only)
5
[ R
0 a _+0
: 4
ot 8¢ Do 8
Q (]
Q 2.5 Q2 o "R s
5]
Glycogen EQ 3 ¥ =
o Starch
e o . o

* Motice that the only difference between glucose and galactose is the spatial arrangement of the hydroxy! groups.
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Central carbon

/
H
H O
= Z
N C
v N
H OH
R
Amino R Carboxylic
group group acid group

Structure of an amino acid
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HaN*—C—C HaN*—C—C HyN*—-C—C
i 0 CHy © ch ©
CHy CHj
GLyciie (Gly)  ALanine (Ala) VALINE (Val)



H O
AN /
N —C—C<
H
CH, OH
CH
/ N\
CH; CH,

Leucine (Leu)

HYDROPHOBIC

Serine (Ser) Cysteine (Cys)

HYDROPHILIC
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Carboxyl Amino Peptide
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I AP AN
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Aminoacid  Amino acid Dlpapﬂde
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Hemoglobin Keratin or collagen
{globular protein) (fibrous protein)
(d) Quaternary structure
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(b) Estrogen

{a) Cholesterol

OH
CHy |

CHj
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(c) Testosterone
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Figure 5.10 The synthesis and structure of a fat, or triacylglycerol

H|C|H
Hl.ClH

I— MIH
HlClH

—0—x
I —I

I—0—I

I—0—I

HlMlH

2 32 Juw!

©

e

Fatty aci

(Palmitic acid) : . ’b u

{a) Dehydration synthesis

Glycerol

*

I
Hl/ClH

IT—0—I
I—O—=I
X —I
HlClH
HlClH
— MIH
HlClH
—LO—I
I —I

—0—I

-0

I—0O—%L
I—O—I
I—O—X
LT—0—X
I—O—I
LI
I—O—I
I—O—I

HlR I

HC_|
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(b) Fat molecule (triacylglycerol)
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Folic acid — a B9 vitamin
@) COOH

OH
H, ||
N Comm Commm NH
Ne” e |
| H CH,
*\ \
H,N N N
H, O
HOH,C H, H,
//C\\//C\\
H,C H N C
H H,

oH  Pantothenic Acid (B;)

COOH
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Vitamin C - ascorbic acid
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Cholecalciferol (Vitamin Ds)



7-dehydrocholesterol,
occurs in the skin

HO

Cholecalciferol
(Vitamin D3)
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CH, B-carotene

Chemical reactions
within the body

A~

Vision: Retinals (Rhodopsin)

11712 cis ™Yy 11/12 trans

HOH,C

Retinol
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Phylloguinone (Vitamin K)








