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Hydrocarbons - n'ain'nno

Hydrocarbons

Aliphatic Aromatic
hydrocarbons hydrocarbons
Alkanes Cycloalkanes Alkenes Alkynes
15 e J A\ »
Saturated Unsaturated
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Hybridization of Carbon in Covalent Bond Formation

Hybridization and  Orbitals Used by Bonds Formed by

Resulting Geometry  Each C Atom Each C Atom Example
I-|-I I—‘I
sp?, tetrahedral four sp? hybrids  four o bonds ethane H—(f—(‘T—H
H H
2 2 bl . H H
sp?, trigonal planar  three sp? hybrids, three o bonds, aificane \C_C/
one p orbital one 7 bond Y Pl
H H
sp, linear two sp hybrids, two o bonds, ) A
two p arbitals two 7 bonds ity H—C=C—H
3 B
g ('I-]n
H—c‘“—H B D'IN7ID DWE N7 0971 NIfMMNS NN
& H .(Jnnon MY 17X DILXA NITND) D"VI7R

Methyllithium, CH,Li Chloromethane, CH,CI
(electron-rich carbon)  (electron-poor carbon)
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ball&stick model keule structure nnon
n"717n
H CH, [XTn n=1
H—é‘.—H
h
Ii[ T C,H, [NTIN n=2
H—r—C—H
b
1|1 l|[ C,H, [NDND n=3
H—{—C—C—H
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Nomenclature and Physical Properties of Straight-Chain Alkanes

Higher alkanes

Table 2.1
Number
of Molecular
carbons formula Name
1 CHy methane
2 C-Hg ethane
3 C3Hg propane
4 C4Hp butane
] CsHy» pentane
6 CgH g hexane
7 C7H 4 heptane
8 CgHg octane
9 CyHap nonane
10 € lngg decane
11 CHyy undecane
12 CoHag dodecane
13 C3Hay tridecane
20 CoHyz eicosane
21 CyHyy heneicosane
30 CsoHg> triacontane

Condensed
structure

CH,
CH:CH;
CH:CH,CH;
CH3CH;CH,CH3
CH5(CH>);CH;
CH»(CH3),CH;
CH3(CH»)sCH4
CH5(CH»),CH5
CH3(CH;);CH;
CH3(CH3)5CH;
CH5(CH,)CH3
CH5(CH5)oCH;5
CH3(CH,);;CH;

CH3(CH3)5CH3
CH3(CH2)19CH;

CH1(CH»)»3CH4

“Density is temperature dependent. The densities given are those determined at 20 °C (¢*").

Boiling
point
(°C)
—-167.7
—88.6
—42.1

—0:5
36.1
68.7
98.4
127.7
150.8
174.0
195.8
216.3
235.4

3430
356.5

4497

Melting
point
(°C)
—182.5
—183.3
—187.7
—138.3
—129.8
—95.3
—90.6
—56.8
—53.5
—20.F
—25.6

—9.6
—5.5

36.8
40.5

a

Density
(g/mL)

0.5572
0.6603
0.6837
0.7026
0.7177
0.7209
0.7402
0.7487
0.7546

0.7886
0.7917

0.8097
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.01IY 0NN
.C,

CH3_CH2_CH2_CH3

MYV N1ann -normal Butane

CH; NYIYW-9uIoNN N1ann -isobutane
CH3—(|Z—H 1N'N9 1Y NINNINN
(|:H 2-Methylpropane :qon v
3
CH,—CH, ANITR 'R AT .Nyav nan -Cyclobutane
| | .01 IY 0DNoN TN N'INNS NYava
CHZ_CHz
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DN opeTn NN NIND |)'7I NI 2ITA 0119 NVY MIYIYN 112171 0190 Nuwa

e

CH3_CH2_CH2—CH2—CH3

MYV N1aNn -normal Pentane

CH,
CH3—CH2—CIH

NNNMN 0aNNoS 4 7w NMWIY -Isopentane
.T'n' nNo2
.2-Methylbutane :qon v

CH;
CH; .01nNo 4-7 Nwpn NNo -Neopentane
CHs—Cl—CHs 2,2-Dimethylpropane :q0n DY
CH»

AN X 772 D™MANN DNAITRD 190N ,NOINNN NMYIYAY 70D

Molecular formula

Number of constitutional isomers

CH,
CHs
C3Hg
C4H10
C5H12
CEH14
C?H'IG
CSH‘IS
CQHZO
C1DH22
C15H32
C20H42
C40H82

OUTWN = =

18

35

75

4,347

366,319
62,491,178,805,831
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:IUPAC ' 7V n1V773n12
072, NNRTIR7IMN NNONA D1AN9N NINdA 1T DY ,n=5-n 7NN

1 2 3 4 5 6 7 8 9 10
mono di tri tetra | penta | hexa | hepta | octa | nona | deca
Number Number Number
of carbon of carbon Name of carbon Name
atoms Name atoms atoms
1 Methane 1 Undecane 21 Henicosane
2 Ethane 12 Dodecane 22 Docosane
3 Propane 13 Tridecane 23 Tricosane
4 Butane 14 Tetradecane 24 Tetracosane
5 Pentane 15 Pentadecane 30 Triacontane
6 Hexane 16 Hexadecane 31 Hentriacontane
7 Heptane 17 Heptadecane 32 Dotriacontane
8 Octane 18 Octadecane 40 Tetracontane
9 Nonane 19 Nonadecane 50 Pentacontane
10 Decane 20 lcosane* 100 Hectane

*Spelled “eicosane” prior to 1979 version of IUPAC rules.
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4 3 2

1

CH;CH,CH,CHCH,CH,CH,

CH,CH,CH,CH;

5 6 7

8

MY MIYAYD AYIXN T'NN NX'X NI NDNKN

-octane XNAIT

NI )ININ 190NA NN 72 A'MNNn Wl I'Y [NN9NY 1D NYAIYA NX D"vonn .2
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CH3;CHCH>CH>CH3

common name: ischexane
systematic name: 2-methylpentane

1 2 3 4

CH,

2-methylpentane

5
CH;(EHCH;CH;CH;

NIRNAIT

:AND NIVIYYT NIWE TN Y'MNnn N DX .3

NNIT'PA D'WNNYA ,ONIEF IR D'NT D'ANN 1Y YW NAPINA OX 210 NIXA DN'ANAN 1Y .X
DYI' DNV D'INNODN DX D1Y¥NN DM90NN .0NIMD DX X7 NIn-7y "I "tri","di"-n1'07
.7'09 "y D'TI9MI TN DMIYY ,0'ATN D'MNNN

CH;CH;CHCH,CHCH
] CH,4

CH;
2 4-dimethylhexane

CH; CH;

CH; CH;

NNAIT

CH3 CHchzc —CC Hzc H3

3,3,4 4-tetramethylheptane

720 ynnn 72 AwKd ,ABC-n 1T0 9"V DAND1 DNMNNN 0'NT DI'RI DY DNNARN DX .2
nmMITPN X7 X di, tri, tetra, sec, tert :NMITPN D72VNNT W' AW KIN 17V NNOD 1901 DX

CH,CH3 CH;3

CH;3CH;CHCH,CH>,CHCHCH,CH,CH3

CH,CH,

CH,CH,

3,3,6-triethyl-T-methyldecane

.iso, neo, cyclo
NPAIT
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N MIN XN DY'NNINN 1NNO X DY"XNN DM90NA DIDO N2 AWK AIO0NN NIIX NX TN1)
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Cl CH;
CH:CHCH,CHCH NINNAIT
CH;CH,CHCH; 3 T _
l CH; CH;
Br
2,2 A-tnmethylpentane
2-bromo-3-chlorobutane not
no ;
3-bromo-2-chlorobutane 2‘4’4132'2;32"5’32‘&"‘9

IR NHY NI IR NIRIYAY 'NY NADRINY DX .4
.DNMNN 7Y NI NN 19010 NIX INYA WK IT 2NN 2XN v

3.4 56 1 2 3 4 5 6 XNAIT
CH3CH2‘|3HCH2CHZCH3 CH,CH,CHCH,CH,CH,
’ ?HCH3 CHCH;,
1 CH, NOT ‘ CH;
3-ethyl-2-methylhexane &isopropylhexane
(two substfituents) (one substituent)

:common name-DAY D'Y'NNN NInv .5

277N NN son 'y 07apnnn 0'NNVO'o NINY DA DNY W' X 0'71Aj7 DA NIX NNY
TN Y'OI 1'MNNN oY . 1-190n NN N TAN KIN QRN DNYWIYT 1aInnn pnsnn 7nn
QNN DMWY 2V DIpm "Y' 02107 YINN 1901001 1'ANNAN 2V DIM ¥ 190NnN-0'"A102
.MNVO'0 OV P W' DMNNNN 77n7

CH3CH;CH,;CH;CHCH,CH,CH3 CH;CH;CH>CH;CHCH,CH;CH,>CH;CH; NQAIT
CHCH, CH,CHCH,
(|7H.1 (l3H3
4-i509rogryioclane 5-isobutyldecane
4-(1-methylethyl)octane 5—(2—methyl;§)rropyl)d ecane

"y NNY DN DR DNNNAY L(N2PIR DXAR IR) PR aMNn DX X778 M N1on
QR nxnp 7 navxn "R nikn Lyl"-a "ane” nniron no9'7nin

smetyigo  matwigen  spomgow  abwigwe |l | 712 ANOD
AMN DX N9NNY NXIAPA 17N NAPANN 210

N2PINN A0 "y 97n1In NN DX

21NN OH

MR NH,

TN TR 2170

DN 7Y "7'750 NNY DR NY NANINN 2107 77N NXAp 7Y NNy gy
.D1MK 27U NpPNa 1AM NANINN 2107 7'RIRN DY 2 NN W iDawn

CH,OH CH;CH;NH; CH;CH,CH,Br CH;CH,CH,CH,ClI
methyl alcohol ethylamine propyl bromide butyl chloride
CHal CH;CH,0H CH;CH,CH,NH, CH,CH,CH,CH,OH
methyl iodide ethyl alcohol propylamine butyl alcohol
6

[I'xy my©



v"wn aax — (125801) naaix nm

Table2.2 Names of Some Alkyl Groups

JUPAC-n 70 DI'RY DNIX'R

methyl  CHy— sec-butyl  CHyCHyCH—
ethyl  CHyCH,— o, TN Iso NXAP7 .NADIN 21IY AND NINDN :lso
propyl  CHyCH,CH,— CH, 1Y NS 7Y YN nxnp v
Roprpyl CRGGH= e bt 2NN 2IW™Y MRS NINdN (tert
CHjy CH;
butyl CH,CH,CH;CH,—  pentyl  CH;yCH,CH,CHyCH,— -N2D7N2 1Y MND NINDI :heo
isobutyl Clh(l‘HCH.s—- isopentyl  CH;CHCH,CH,—
CH; CH;
NIDT7 W'Y NI'YNIDIAIR
l50 PTQPTJ
w prof}?]
oo bu% ]
7
{—_ Sec ‘::;utrl
tv)“:w?_ ] Pri C
7 rimary \3\
Secondary C \5\ cl:tl.-l/3t/_- Tertiary C
CH;CH,CCH,CH;
neo pent )
_/}— pent7 Primary H —7 |
H Secondary H
Tertiary H
. .0omm 3 'y Xwn '7'mn jand
H R
! ) o
H-c— n-c - i-c - .Ta%2 TNXR N9y Wwizn no ;1 1wk pno
\ 1 ]
¥ H .0IN9 2WY7 Awpn Mmno : 2 -1y nno
‘Q»,J I.mo A= 1 peien rmg Qo— '_;ur,o(,,no
P Seeondurgy .0'IMNS NYIY7 NIYpn NS : 3 e nno
R [ 4°
\ \ .DINN9 NYAIXT NYEN N9 4 -1y jnno
n-c= R=-¢g -M
L : N71D' AWK NIRANZAID DXAR 0NN 70 VD
. . naanw it k01 NH,,COOH,0H, 1, Br,Cl :nraY
2- ok rna H- niomr prd
%Mi.wa quodes ety JINNXE DR NI NN

AN P NIYKRA NN XN 1IUKRA |nn9'7 ninnn NM Nvn

[I'xy my©
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DNTION DN7Y NNO9N MIVKY D1 D'DYIONI D'NIYIY DAXRPZIRN DIIYN DAXRFIX DN N7X
INIX 7Y2 720 XP7X7 QUKD NINS D'IN'M 1Y W' DARFIRITRYT ;' Myaon n1ann 7wa .nyaova

C H, | :n'7% nanon .0nno 150n

DN .NY20] Y' DINND NND |'¥N WK [KP7RN DWY7 "cyclo” nniT' nooin "y nwyl Niny nNn
X ,0'IPD DIXIM NNO-NNS MW7 DNAY Skeletal structure -T7w 12N> DMIxn TN VYND
JT7W N1aN2 DAXIM P DMIVKRD XY 7D .0NY7X DNIYED DINMY7 IX DNYY DINN9Y [IN'O 'R
4 Nnwn? DN 7Y WUNTN 190NN NaINN NS 72%W WUXIN 2Nl AN axtn TIgTie ‘o
MYV AT NNl ' T7w n1an "y nnxernm nirn? izt ey p'kY Ni7ip7n o .onvp

AT-AT 17 ™Y Naxm nnon

'MNNY P-DR-K7X AN NYAY AN NYaon ,TRR 2998 'nnn R@ReY? v nmna 1
TIX 'R MDD DN NYA0N AN NYIY AN MNNN TR, NYA07 "WRN DnnS Nk v
JIRPIRIZZYN DY TRI OTIR R YMNNN DY .NYA0 7V 1T 1NN 79 mipm NX 1son?

O/CHzCHs CH,CH,CH,CH,CH;, ANIRNAT

ethylcyclohexane 1-cyclobutylpentane

IUXIN 'nnn? N1 1-190ni -N 170 9"V D'and) 0N ,09IY D'MNN 1Y NYaL7 DX .
9 1 ABC " 9 2

.NN'va
H3CH2C
\E%CH;
CHj

NIRNAT
1-ethyl-3-methylcyclopentane 1,3-dimethylcyclohexane

CH,

790NN NR 727nY Amnnn LAABC-n 1 T0 9"y 0'anNd1 0N ,NYAv 7V DN 2-n Nir v ox .3
790N MIX NX Y' DNIYY DX NI NN 190NN DX 727 QYWD 1'MNNNY N'0anY Nt XN 1
DN 190NN DX 'WHYN 1NN NYY DIXA IVWUN (I TA IX DY N1D0mn nyaon L(1) Jma

DR P
CH;
CH;CH,;CH; NINRNAIT
CH,4
HyC CH,CH,4 CH,
4-ethyl-2-methyl-1-propylcyclohexane 1,1,2-timethylcyclopentane
not not
1-ethyl-3-methyl-4-propylcyclohexane 1,2, 2-trimethylcyclopentane
because2<3 because1<2
not not
5-ethyl-1-methyl-2-propylcyclohexane 1,1,5-trimethylcyclopentane
because 4<5 because 2<5
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Refinery gas

Light gasoline

Ci2—Cis Ci5—Cos

Naphtha Kerosene Gas oil

.omu-C, —C,s nnoy/ponp-C, —C,,

25-95°C

95-150°C 150-230°C 230-340°C

Distill

Crude oil =~ s— Residue

07 0'w7-C,—-C, wvaovmn-C -C,

[I NIND ,0"IX7IP7I0 12 NIND 2Py N7V AN'MANTENONNN '9N0 ,N71IV DINN9N 190NV '72)
,[>-M> .(NNNINAI NdNNA 0'WAD1 K7W DMINZIP7IN D19 NINDA NNYY?) AN 0'prn o071 1T
SMYIYA NNY OIT NP NN W quion? ,019 NUY W N'¥7119 0N N'0190 TN NIND

DY AN YR QXY D7D 10N I 0MI9NTN DN DAIXPIR .0'N] D'0'oNn X7 DINZIR
.(om) omMx719 D'onna nicomnn NIMKR7IS NP i L"like dissolves like" -nmn
NIMKRTI9X NIANINI INKRA .0"M71I9X D'0ONNA 71 D'0'0N P71 NMIXKZI9X NANDIN DN DIXRFZIRN
(NMIT NIM'LANLVPYR Y2 D'NILK Y ,NMI AND 71 D'7'ON DARPZIR) [YON NIRYID 'R
,0'N N> X719 0NN2 00NN NMIXK7IOX N7177MY NMIN-7y .|n"78 qwn1 X7 NX7190 onnin
D'00INNN DN D7 TANA .DNNA PMN YRY Yynon7 omn DI7Rm 2 Nt Ny
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.My
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+%0,

5471 klfmol 5466 kl/mol
13075 kealfmol 1306.3 keal/mol

Heat of combustion
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CH;0H OH CH;,4
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Comparison of Sy2 and Sy 1 Reactions

Sn2 Syl
A one-step mechanism A stepwise mechanism that forms a carbocation
intermediate
A bimolecular rate-determining A unimolecular rate-determining
step step
No carbocation rearrangements Carbocation rearrangements
Product has inverted configuration Products have both retained and inverted
relative to the reactant configurations relative to the reactant
Reactivity order: Reactivity order;
methyl > 1° > 2° > 3°¢ 20 =20 == = gethyl
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Summary of the Reactivity of Alkyl Halides in Nucleophilic

Substitution Reactions

Methyl and 1° alkyl halides Sn2 only
Vinylic and aryl halides Neither Syl nor Sy2
27 alkyl halides Syl and Sy2
1? and 2° benzylic and 1° and 2° allylic halides Syl and Sy2
37 alkyl halides Syl only
3° benzylic and 3° allylic halides Snl only
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Table9.2  Products Obtained from the E2 Reaction of CH;0™ and 2-Halohexanes
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Table 11.3 Summary of the Reactivity of Alkyl Halides in Elimination Reactions

Primary alkyl halide E2 only
Secondary alkyl halide El and E2
Tertiary alkyl halide El and E2
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Alkyl halide 1°

Alkyl halide 2°

Alkyl halide 3°

Only SN2/E2

Both

« Polar protic solvent
« weak Nu, Base

« Polar aprotic solvent
« strong Nu, Base
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Table 11.5 Relative Reactivities of Alkyl Halides
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In an Sy 2 reaction: In an Sy reaction:

In an E2 reaction: In an E1 reaction:
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the nucleophile is sterically hindered
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CHyCH,CH,CHyCH Br 4+ CH3007 —sro CHYCH,CH,CH,CH,0CCH; + CHSCH,CH,CH=CH, + CH3COH + Br
1-bromopentane | 3 |‘ 1-pentene ‘
CHj (H-j 85% CH\
tert-butyl pentyl ether
15%
‘the primary alkyl halide is sterically hindered |
CH; CH; (|3H_~,
CH;CHCH,Br + CH;0” W CH;CHCH,OCH; + CH;C=CH, + CH;OH + Br
1-bromo-2-methyl- : isobutyl methyl ether 2-methylpropene
propane 40% 60%

771a1 0'02N PTIN2 NN DNXINN Y 7w Dron NImdN ,SN2/E2 'RaNa 1M Tha g
AWKD AN DI ANIMMYND WXIN TINK ) N TN 21T 0'0anw 730 .0'01/7'9IN" N

JAm Wi 7'9Ix77110 X971 0'02D TRON' XIN 7Th 0'01N
a secondary
alkyl halide
Cl

a strong base favors
the elimination product
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2-chloropropane ethoxide ion 2-ethoxypropane propene
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T
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CH;CHCH; + CH;CO —acencaga’ CH;CHCH; + CI'
2-chloropropane acetate ion isopropyl acetate
100%
a weak base favors the
substitution product
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a higher temperature
favors elimination

Br \\ OH
_ 100°C 4 - _
CH;CHCH; + HO W CH3;CHCH; CH;CH=CH, + H,O + Br
2-propanol propene
29% 71%
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Table 11.6 Summary of the Products Expected in Substitution and Elimination Reactions

Class of alkyl halide 842 versus E2 Syl versus E1
Primary alkyl halide Primarily substitution, unless there is steric hindrance Cannot undergo Sy1/E1 reactions

in the alkyl halide or nucleophile, in which case
elimination is favored

Secondary alkyl halide Both substitution and elimination: the stronger and bulkier Both substitution and elimination
the base, the greater is the percentage of elimination
Tertiary alkyl halide Only elimnation Both substitution and elimination
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Table 2.5 Comparative Boiling Points (°C)

Alkanes Eihers Alcohols Amines
CH:CH.CH3 CH30OCHs3 CH:;CH,OH CH:CH:NH»
—-42.1 =7 78 16.6
CH CH,CH,CH, CH;0CH,CH; CH;CH,CH,0H CH ;CH,CH, NI,
-05 10.8 97.4 47.8
CH3;CH»CH>CH»CH» CH;CH,OCH>CHj; CH;CH,CH,CH»>OH CH;CH»CH,CH>;NH»
36.1 34.5 117.3 77.8
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Water HOH 1.8 x 107'%* 15.7 HO™

Methanol CH-OH =10~ '° ~16 CH;0~

Ethanol CHCH,OH =10=18 ~16 CH5CH,0™
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Table 10.1 Commonly Used Methods for Converting Alcohols into Alkyl

Halides
A
ROH + HBr — RBr
A
ROH + HI —> RI
ROH + HCl 22 Rel
ROH + PBr; W RBr
ROH + PCl; W RCI
ROH + SOCI, W RCI
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a carbocation
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‘OH OH .
Bl . H,0O: H.O + H,80,
protonation of the HSO, a base removes a
most basic atom A proton from a B-carbon
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CH;OH CH; + H,0 CH,
3,3-dimethyl-2-butanol secondary carbocation tertiary carbocation
H™ + CH;(|JCH=CH2 CH~,C=(|JCH3 + CH3=C(|JHCH1 + HY
CH, CH, CH;
3,3-dimethyl-1-butene 2.3-dimethyl-2-butene  2,3-dimethyl-1-butene
3% 64% 33%
:NYaL NY7TAN 9170Y
Cl‘H_:, CH; i
H CH B H, CH; CH;
CHOH H350; 'C+H ring-expansion 4 : \'.\L( ’ :
_a i, rearrangement rearrangement Q + HBT

secondary tertiary
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back-side attack by B:\._/
the nucleophile
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Step 2: Nucleophilic addition to the protonated aldehyde or ketone
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mechanism for enamine formation
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Names and Natural Sources of Carboxylic Acids

Structure IUPAC name Common name Natural source
HCOOH Methanoic acid Formic acid” From the “destructive
distillation” of ants

( formica, Latin, ant)

CH,COOH Ethanoic acid Acetic acid” Vinegar
(acetum, Latin, vinegar)

CH,CH,COOH Propanoic acid  Propionic acid Dairy products
(pion, Greek, fat)

CH,CH,CH,COOH Butanoic acid Butyric acid Butter (particularly if ran-

cid)
(butyrum, Latin, butter)
CH,(CH,),COOH Pentanoic acid  Valeric acid Valerian root
CH,(CH,),COOH Hexanoic acid Caproic acid Odor of goats
Used by Chemical Abstracts. (caper, Latin, goat)
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(R)-2-Bromopropanoic acid  Propenoic acid (2R,35)-Dimethylpentanoic acid
(a-Bromopropionic acid) (Acrylic acid) (aR,BS-Dimethylvaleric acid)
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