Hydrocarbons

H H
T
Bt -t} H\c/ \C./H
| | | | 7 >c
H H H H H 7/ \N H
butane H H cyclopentane
{(paraffin) = (naphthenes)
|
H H B
| | SIS
H—C —C=—0C
0 = .
H H H HY Xc-~ Ny
propylene | benzene
{olefin) H {aromatic)

= 1999 Encwclopaedia Britannica, Inc.

Prof. Dr. Munther A. M. Al
ChemllI2
College of Science — University of Basrah



e U3 ey 0Bl e lgaS 3 15 (3l OlSiall el p Ligsaall LS,
) oliall )
P_)_g.é.w.'QcSCLgJ}ScOM‘c N (a9 ¢ H cnzmgydud

~ Hydrogen H -

~ Oxygen O -

+ ~ Phosphorous - P
~ Sulfur S -

~ Nitrogen N -

Olud 93y 8lg lu3gy09 DNA dadall (3 839290l LSl gllis
Oldally D9Vl Jio pisall (3 8 pamall LSl



°QO®

Hydrocarbons
Carbohydrates & Lipids
Amino acids & proteins

More amino acids & proteins

» Hydrocarbons= hydrogen + carbon (CH4, ‘natural gas’)
» Carbohydrates and Lipids = hydrogen, carbon, and oxygen

» Amino Acids and Proteins = hydrogen, carbon, oxygen, and nitrogen

» Some Amino Acids and Proteins = hydrogen, carbon, oxygen, nitrogen, and

» Nucleic Acids = hydrogen, carbon, oxygen, nitrogen, , and phosphorus
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Family

Alkane Alkene Alkyne Aromatic Haloalkane Alcohol Ether
, C—H N oA | | | .. |
Functional  and /C=C\ —C=C—  Aromatic —C—X —C—0OH —C—0—C—
group c—C ring | | | |
bonds
RCH=CH,
General RCH=CHR RC=CH
formula RH R,C—CHR  RC=Ccr T RX ROH ROR
RzC=CR2
Specific
efample CHsCH;  CH,=CHj, HC=CH @ CH3CH.CI CHsCH,OH  CH3OCHj,4
IUPAC
o Ethane Ethene Ethyne Benzene Chloroethane  Ethanol Methoxymethan
Common Ethane Ethylene Acetylene Benzene Ethyl Ethyl Dimethyl ether
name? chloride alcohol

4These names are also accepted by the I[UPAC.




Family

Amine Aldehyde Ketone Carboxylic Acid Ester Amide Nitrile
I o - ..O.' 'b.’ @) .-O-, .‘O'.
] PN, i, L~
Ny —C|3/ \?_ “INEH e \O_CI:_ o \[-T-l/
]
RCNH,
RNH, o) o) o) o) o)
RoNH [ I [ . o
RN RCH RCR RCOH RCOR RCNHR RCN
i
RCNR'R”
O @ @) O @)
CHzNH, I | | I | =
CH5CH CH3CCHgy CH;COH CH3COCHS CH3CNH, CH3C=N
Methanamine  Ethanal Propanone Ethanoic acid Methyl ethanoate = Ethanamide Ethanenitrile
Methylamine Acetaldehyde  Acetone Acetic acid Methyl acetate Acetamide Acetonitrile
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Hydrocarbons

/N

Alkanes Alkenes Alkynes Aromatic
Compounds
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gz Hzc’/ \CHQ

i H,C——CH, H;;C/ \CHg | |

Cycloalkanes /\ | | \ / HC Ot
H,C——CH;, H,C——CH, H,C ——CH, C

H
cyclopropane cyclobutane cyclopentane cycl ohexane



Alkanes
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 methane (1 carbon) - meth
e ethane (2 carbons) - eth

e propane (3 carbons) - prop

e butane (4 carbons) - but

« pentane (5 carbons) - pent
* hexane (6 carbons) - hex

* heptane (7 carbons) - hept

e octane (8 carbons) - oct
 nonane (9 carbons) - non

« decane (10 carbons) - dec
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C4Hyg

CsHy,

CeHiq

CsH6

1sobutane

tp—

isopentane

1sohexane

isoheptane
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alkyl JasIy 3&}9—43 alkanes <y

R- group is alkyl,
-yl edaiay Allayl IS ol &le5 (0 -aNE phate o
CnH2Nn+1 & el dapall ) <5 el

CH;- methyl group

CH;-CH,— cthyl group

HSCMCH;CHZ_ propyl group
CH

H,C CH, isopropyl group

P 4. 4 e

n-butyl group isobutyl sec- butyl tert-butyl



IUPAC name of alkanes «llsisy dualadl) dgaudl)
International Union of Pure and Applied Chemistry
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CCH,CHCHp  C_CHyCH,CH,CHCHy > _CH;CH,CHCH,CH; >

CH, CH, CH;
1 11 111
Methylpropane 2-Methylpentane 3-Methylpentane
(Isobutane)
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2-methylpentane 4—methy|pentanex
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CH, 2,2,4-trimethylpentane (IV).

|
CH 3(13HCH2C|TCH3 2.2.4-Trimethylpentane
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3-ethyl5methylheptane ¢
Lethyl-3-methylheptane x



i s WS B0 a8 35 cadd Al iy gl (e g Ll S 1) ABaD
28 JL JSll e gana (o SS) o (g gia

CH,
[
CH;({ZHCH;(ECH;
CH; CH;

1v
2.2, 4-Trimethylpentane

Alaiall () sa ) lSI 5 50 a8 35 cad Il iy gl (e g Ll S 1) A3aD
a5 JIL s Al U Ao gana Lo (5 a1 3,0

2,35trimethylhexane 2,45trimethylhexane x
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Physical properties
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PREPARATION OF ALKANES

1. Hydrogenation of alkenes.

H> + Pt, Pd, or Ni
CaHon - » CyHjns:
Alkene Alkane
Hydrogenation of Ethene
-
H H
\C:C/ aps H2 &) H—C—C—H
H" NH | |
H H
Ethene Ethane




2. Reduction of alkyl halides
(a) Hydrolysis of Grignard reagent.

RX + Mg ——> RMgX —2, RH

Grignard
reagent

Example:
CH,CH,CHCH, > CH;CHEFHCHJ RSN CH;,CH:({:HCH;

ﬁr MgBr H

sec-Butyl bromide sec-Butylmagnesium n-Butane
bromide .

Mg

(b) Reduction by metal and acid.

RX+Zn+ HtY — RH+ Zn** + X~

Example:

CH,CH,CHCH, -2»Y°, CH;CH;?‘HCH;

I
Br H

sec-Butyl bromide n-Butane
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Reactions of Alkanes
Halogenation: a substitution reaction o< g2l CBle WS

400-250 5, _a da 2 die 4l light (UV) desssdiall (558 3aiY1 5l s
@ O souedl 2)lS AY sk ¢ Sl Gl (sle (e haila Jeld o
«chlorination 3,5l a3 Gl o) Jall (e CHLCl Asnall

«CH;Cl Ul oS jall pansis
chloromethane or methyl chloride

H H
; |
H—tJT‘--H + Cl—C1 tghtorheat H—~(|:——Cl + H—Cl
Chlorine Hydrogen
H H chloride
Methane Methyl chloride
(Chloromethane)

et Ay pazanl) Skl (e asl 5 i I chlorination &le s i
substitution reactions e gill CBle s



U 44 3a ae methyl chloride delai elld g Jeldll o g sill 130 jaioy

HCl 4 or GS
; ;i
H—él——u + Cl-C] ——8ntorheat | H*-(I}~Cl + H—Cl
H H
Methylene chloride
(Dichloromethane)
chloroform or (s s 2l 3 ) oISl dalae et
tetrachloromethane bl i s trichloromethane
HCl HCl HCl HCI
+ + .E + Heat or light
CH: > CH;Cl —» CH,Cl, %> CHCl, —2» cCl, required
Methane Methyl Methylene Chloroform Carbon

chloride chloride tetrachloride



Example:

CH, CH, CH;3
¢ - l & cn
CH 3 H—CH; 350_400° > CH 3,"'CH—'CH1C1 and CH 3
Isobutane Isobutyl chloride &
tert-Butyl chloride



Example for IUPAC nomenclature

Common Substituents

Common Alkyl Groups

methyl —CHj, butyl —CH;CHzCHzCH3
ethyl —CH3CHs CHs
propyl —CH;CH>CH5 sec-butyl _éH_EHE_CHE
CHj CH3
isopropyl —:;I;H—lj:,H3 isobutyl —CHs;—CH-CHs
i
Common Nonalkyl Groups fert-butyl _Ei‘:_r:;l-|3
fluoro —F todo —1 CHa
chloro —Cl nitro  —NO;

bromo —Br amino —MNH3



2,35trimethylheptane

Cl

2-chloro-3,456-tetramethylheptane

Cl

3-chloro57-dimethyl-2-nitrooctane

NO, cl

2-chloro-4-isopropyl-35dimethyl-6-nitroheptane



Examples: Alkane Nomenclature

* Provide acceptable IUPAC names for the following
molecules:

¥
CH3—EHE—1|:-CHE—EH—EH3
CH;

'.::Hg—m|:|-|—|::|-|3

n::|-|E,—|:|:|-|—n::n-lg—c|-|—n::|-|2—|::|-|2—t:|-|3
F

ll|3|
CH;—CH—CH—CH3;

I
EHE_ CH3

CHs
r:|-|31.|:n:|-|3
CHACH,CH,CHCHCH,CH,CH,
N,



Examples: Alkane Nomenclature

* Provide acceptable IUPAC names for the following
molecules:

CH,—CH, (IZHE—EHg
CH3:—CH;—CH—CH2-CHa3 CH3;-CH;—C~—CHj4
EHE-EHE_GHS

CHs—CHy—CHy—CH,—CH—CH,—CH,—CH;—CHs
CHo=CHy—CHg
CH,—CHs CHa
S, CH
(|3H2—EH—EH2—[|3H2
n:Hg—llzl-l—cH3



