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ow are these photos related to homologous series?

H
Crvde ol 0

Y

No. ot ¢arbons

What are the general formulas for these homologous series?

CH, C.Hg C3Hy CiHio

1 I PTd 11
S A A A A A A

H H H H H H H H H H

methane ethane propane butane
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1. BP gas *

American Lobbying Council

2013 - American Renewable Energy and Efficiency Act

. Argue the case from the point
2. Greenpeace “” of view of your agenda.

GREENPEACE

3. Government of Venezuela .

4. Tesla Motors T;Eiiﬁ TESLA MOTORS

20 min preparation

< 5 min presentation from
your group on the issue.
10 min to prepare possible
counter arguements.

20 min debate.
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How many structural isomers can each of the following molecular formulas
have?

NN
N N A
AR Y A

\
”-v/ In.
You have drawnfull structural formulas  that show every bond. Now write

CiHio

condensed structural formulas for each one.

These are structural isomers  as they have the same molecular formula
(C6H14) but different a different arrangement of atoms

Aswe can see here the
number of isomers that
exist for a molecular
formula increases as the
molecular size increases.
In fact the increase is
exponential; there are 75
possible isomers of CyoH;;
and 366 319 of CgHy;!
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Nomenclature for organic compounds: the IUPAC

system
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Structural isomers in alkanes We say alkanes are "saturated "
compounds

* C5Hy, has the following isomers:

T T 1
U T T
H H H H H H H H T T
pentane H—CI—H H—T—C—(lj—H
H H H
2-methylbutane H—C—H

|
[ 1] .
2,2-dimethylpropane

Structural isomers in alkenes
A different type of structural isomer occurs when the carbon—carbon double bond is
found in different positions.

* C4Hg has the following straight-chain isomers: We say alkenes are
H H H H H H H H "unsaturated "
0 R A e
Yoon g ; .

but-1-ene but-2-ene

How many structural isomers do pentene and hexene have?

N

| \ \ \ ~ |
=-cCc—-C—-¢C-cC- - (—C=t-C—C-
vy / Pt

2 _ 3 4
(=C=(=(=¢ Pl,\\r.llz,‘s,tf-lehw

Selectividad - We must also consider position isomerism and functional group
isomerism.
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Primary, secondary, and tertiary compounds
\__ri_\ ry ry P

——

H H primary carbon H H
I | /atom N |
H—(IZ—(lf—OH H—(li'—(lf—G
H H H H
H H H secondary carbon H H H
| | awm T~
T T
H OH H H d H
| |
H—C—H H—C—H
H H tertiary carbon H H
P e e S
R U
H OHH H d H
primary secondary tertiary
nitrogen atom nitrogen atom nitrogen atom
\ H \ H \ CH,
/ / /
H}C_N\ H;C—N H,C—N

H CH, CH,
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How many structural isomers can be drawn of CsHg?

) 1
C-c=C=¢=¢ ="
‘ ~

Benzene does not behave like other unsaturated molecules

The 1: 1 ratio of carbon to hydrogen in benzene, C,H,, indicates a high degree of
unsaturation, greater than that of alkenes or alkynes. Yet early observations on
i properties of possible

structures such as:
In 1865 Kekulé dacycl of th
single and double bonds. This s 1,3,5-cyclohexatriene:

b hal

which s usually drawn without
the atoms marked as

Friedrich August Kekulé von Stradonitz (1829-1896)

Hoveves, X0 U:')(H"’a“’?kj showed Phak i} Wnd

the e o’ oA No\,\u-/ ?\M’" Mam,l
-

s W

The special stability of the benzene ring is the result of
delocalized electrons |

Property Explanation

1 Bond lengths I carbon-carbon bond lengths in
benzene are equal and intermediate | between the bonded atoms

in'ength between single and double | .4 on ength data/ om:

hbond hare of three e

bonds.
akane  singlebondC—C 0154 nm
alkene double bond C=C ~ 0.134 nm
2 AH, stion OF the. 1.3.5-cyclohexatriene.
reaction Cals + 3Hy Mo
- Jrame
13-crclo ety for resonance
hexadiene CH cyciohexatriene energy
+2H, 152k mor-!
b Bl benzeni+ 3H,;
e e
232k mol~" 208kymol-!
;* h20Kmor-t
Gciohecane

CeHrz

3 Type of reactivity Benzene i reluctant to undergo ‘Addition reactions are energetically not favoured
addiion reactions and is more likely to. | as they would involve disrupting the entire cloud of
undergo substitution reactions. delocalized electrons, The resonance energy would

have to be supplied and the product, without the
delocalzed ring of electrons, would be les stable.
Benzene can instead undergo substitution reactions
that preserve the stable ring structure.

B¢

& A
@*@‘z”@(& @ ! 39"%
4 1br

4 somers Only one isomer exists of compounds | As benzene is @ symmetrical molecule with no
such as 1,2-dbromobenzene. altenating single and double bonds, all adjacent
positions n the ring are equal.

For example 1,2-dibromobenzene, C;H,8r;

ercises
5 Draw and name all the structural isomers of C3HsCls.
6 Which formula is that of a secondary halogenoalkane?
A CHCHCHCHBr B CHCHBICHCH, C (CH).CHCHBr D (CHy)CBr
7 Describe the bonding in a benzene molecule and use it to explain benzene’s energetic stabiliy.
8 (a) Wh f different cl ipound, why is it important to

paring the
choose molecules that have similar molar mass?
(b) Explain how you would expect the solubility of alcohols in hexane to change with increasing

chainlength.

May 28, 2015
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Functional group chemistry

Understandings:

e Alkanes: have low reactivity and undergo free radical substitution reactions.

e Alkenes: are more reactive than alkanes and undergo addition reactions. Bromine water can be
used to distinguish between alkenes and alkanes.

@ Alcohols: undergo nucleophilic substitution reactions with acids (also called esterification or
condensation) and some undergo oxidation reactions.

* Halogenoalkanes: are more reactive than alkanes. They can undergo (nucleophilic) substitution
reactions. A nucleophile is an electron-rich species containing a lone pair that it donates to an
electron-deficient carbon.

e Polymers: addition polymers consist of a wide range of monomers and form the basis of the
plastics industry.

® Benzene: does not readily undergo addition reactions but does undergo electrophilic substitution
reactions.

Applications and skills:

e Alkanes:
® Writing equations for the complete and incomplete combustion of hydrocarbons.
® Explanation of the reaction of methane and ethane with halogens in terms of a free radical
substitution mechanism involving photochemical homolytic fission.
® Alkenes:
® Writing equations for the reactions of alkenes with hydrogen and halogens and of symmetrical
alkenes with hydrogen halides and water.
® Outline of the addition polymerization of alkenes.
o Relationship between the structure of the monomer to the polymer and repeating unit.
® Alcohols:
® Writing equations for the complete combustion of alcohols.
® Writing equations for the oxidation reactions of primary and secondary alcohols (using acidified
potassium dichromate(V|) or potassium manganate(Vll) as oxidizing agents). Explanation of
distillation and reflux in the isolation of the aldehyde and carboxylic acid products.
® Writing the equation for the condensation reaction of an alcohol with a carboxylic acid, in the
presence of a catalyst (e.g. concentrated sulfuric acid) to form an ester.
e Halogenoalkanes:
® Wiriting the equation for the substitution reactions of halogenoalkanes with aqueous sodium
hydroxide.

Guidance
® Reference should be made to initiation, propagation, and termination steps in free radical substitution
reactions. Free radicals should be represented by a single dot.

® The mechanisms of Sy1 and Sy2 and electrophilic substitution reactions are not required.

May 28, 2015
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Alkanes 7o 58 [oss |29 [ o0 [ s [ ws 2
‘ c 285 | 346 | 324 | 492 (| 414 ) 228 | 286 | 3
Why are they so unreactive! | @ [ [ [0 | 2 [ s [on [ 2| 2
. Strong bonds LF [0 [0z | 25 [ 159 [ 567 | om0 | 2 | &
. Non-polar 8| 36 [ s1s | s | so7 [ 36 | 0 | oo | &
[0 [ [ [ | om0 | 26 [t 2
‘ N 286 | 192 | 278 | 391 158 | 2
‘ o 201 | 358 | 206 | 191 f 463 )| 201 | 214 | 1
P [ooh [ oo | o2 | w0 om0 [0 P

s |20 | o0 | o | 27 | me
s | 0 | 307 | w0 | s | am | = -

So why are they so useful for fuels?
« Bonds in products

0
0=¢=0 7 n

‘Multiple bonds (k] mol )

e ou
esc a3
c
(inbenzene) 507 c=s s
Complete and incomplete combustion? o a5 x40

CHy(g) + 50,g) = 3CO,(g) + 4H,0(0)

However, when the oxygen supply is limited, incomplete combustion occurs giving
rise to carbon monoxide and water. For example:

2C,Hy(g)+ 70,(@) > 3C0(@) + H,0(@)

In conditions of extreme oxygen limitation, carbon will also be produced.
For example:

LI C3Hy(g) +205(g) = 3C(g) + 4H,0(g)

“icl_ é‘——u Soot W=

cze-Y

ORAS
NG

Burning alkanes %

Burning allynes

Problems? C ¥ 0-7_—) CO’L

Oxysen eased
i g o

Hemoslobin
molecuis

Oxyzen onded -
with hemoglobin molccles

o f,;;.—uv‘
. '-"'

Sr1o9

Substitution reactions of alkanes: halogenation

UVlight

CH,() + Cly(g) ~2 M, cH,Cl(g) + HCl(g)
Merpeuthant
VA'A{rJ dgdmnn
Initiation
. x nx light _x .
Cl-2 I8R5 Cle radicals x50 pax
2 chlorine radicals
"Photochemical homolytic fission"
_— [d N
3
Propagation /’
Propagation reactions both use and produce free radicals. For example: U

Hal

CHyCl+Cle > CHCle+HCA 4
CHyCle + Cly = CH,Cly+ Cle H

Cle +CH, — CH,» + HCl .. f\ xe
CH,e +Cl,— CH,Cl+Cle O % C\"H
xe

There are many possible propagation steps, which all allow the reaction to continue.
This is why this type of reaction s often called a chain reaction.

Termination

Termination reactions remove free radicals from the mixture by causing them to react
together and pair up their electrons. For example:

Cle+Cle =l
CHye +Cloms CHyCl
CHye +CHje — GH

bromine water is
decolourized as a

photochemical
inUVlight reaction occurs
hexane CgHyg
bromine water
indark o reaction occurs;

no change in colour
of bromine water

!
NEEE A

1 ) ] -
H:c:c-q_czc__é_n 3‘&pol%hwdava

l
Br " A i) —1\(\31\1.
§ 2-isdo :s-M‘jfU'k’*

U=C-p
M—}_M n-<=<—-C=C—H
|;| " | [ '\u\ o
R biinbue B
-y Eall
! \ NU
h II no L ewu ‘,’“
"

v-&—g-"
. ]
Nk, on Mt
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Alkenes

General formula CH,.

Addition of hydrogen

sbour 150°C
Won Wowow
[ Il
Hf—CemC—Hty—y Bt
" Wow oW

o, 1, S, o,
e e

Addition of halogens
Halogeo resct withlkenes o poduce dislogen compoun.Thesersctions

" HoBe Be

CHICHCH, +r,— CH,CHBCH B
propene propane

‘Addition of halogen halides
Hydrogenhaids, sich as HCland B, eact withalkenes o prodice

How W
[ 11
H—CmCH e

woa

e T

Group 17.So i, with the weakest bond, reactsthe most readily

Addition of water

"
1

u
.
u—c=c‘-v‘ + HLO\ P H-C-C-H
e |

Polymerization of alkenes

ol scanning scon crogap o cin g a e 3

(€) CHiCHaCHCH, + HEx

tempetee?
@

9 @ CA0+E00-5000+THOD 11 () CHOHOHOH,  butme

) 204,61+ 19040 80040 + 10400 ) CHOHCHOHCH,  butan 2.0l

@ G40 + 040 -+ 3000 + 240D (0 CHOHOHBICH,  2-bomabutana
10 Bromios » stane 12 @) Nocbsavaiachange

it ) Burnswith very smoky e,

By @

propagtion

B4 CH Oy + B
iy + 8, Cpgr s B

B+ B+ CHEr o HEE

B+ B+ O, + B

brabrom,

Oy +Br - CHEr

CH; +CH Gl

Qv thooa roactions show how a midure of
products s formed.

My o ghpur gy g freckes

W ooun
C ®o “‘ ‘:
—C-C—H \L
hoce ¢=C—Con
oM n n’ n

b g-dig
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Alcohols
«General formula C,H,,,,OH
« Alcohols have — OH functional group

Combustion: alcohols as fuels

Write a balanced equation for the combustion of methanol and
pentanol:

204M + T D > 200+ 41,0

2CMOM + 5 AH2=33309K] molt
%0 0, — ID(_O2 4 llﬂzo
Oxidation of alcohols -
Combustion involves the complete oxidation of the alcohol molecules, but it is also
possible for them to react with oxidizing agents which selectively oxidize the carbon
atom attached to the —OH group, keeping the carbon skeleton of the molecule
Before we look at these oxidations we must learn 3 more functional
groups: ketones, aldehydes  and carboxylic acids

adehde | 0 aidehyde (corbory) | anal | GH,CHO, propanal R—cHo
7
\
H
ketone | R carboryl “anone | CH,COCH, propancne R—CO—R
<=0
R
aboylic | 0 carbory “anoic add | C;H,COOH, propancic acd CoHimiCOOH
acid
o—H

PmPMar\a. _—

&/"MA-’&J ~— w
PO T H
Pm)—wu £ \C‘\g‘—- &:C__//O
AN

‘? n

1 w

_ /
L e s
vy

Primary alcohols are oxidized in a two-step reaction, first forming the aldehy de,

which under p further to th acid. For
example:

H u H

| [ e |2
H—C o Hohar (7

| TNy -

HoH H H

ahunol ctanal Jr—

primaryseobol ddchyde bl s

[g]:ac:f\-;& oxi disin s szrlD, Iy 22l
Dy Dobssion Lhorake

+10] heae +[0] et
ethanol T2 ethanal O, ethanoic acid
primary alcohol aldehyde " carboxylic acid

cruy

How do we differentiate between collecting the aldehyde or the carboxylic acid?

T

ol Ay Reglon

e ()0
propan-33 propanone

ozl T e+
CH,;CHOHCH; (CH;),co

——— G

Tertiary alcohols are not readily oxidized under comparable conditions. This
would involve breaking the carbon skeleton of the molecule, which requires
significantly more energy. Therefore we wil not see  colour change in the potassium
dichromate(VI) oxidizing agent when s reacted with a tertiary plcohol.

2-methylpropan-2-ol no reaction
+[0] heat
2-methylpropan-2-ol 2% noreaction

Summary of oxidation of alcohols

Oxidation product Colour change with acidified

0y(aq)

primary alcohol | aldehyde — carboxylic acid | orange — green
secondary alcohol | ketone orange — green

tertiary alcohol | not oxidized o colour change

May 28, 2015
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Esterification reaction

Alcohols react with carboxylic acids to form esters in a condensation reaction in
which water is also produced.

carboxylic acid +alcohol = ester + water

What are esters?

esterr | ) ester [-anoate C,H:COOCH,, methyl R—COO—R’
7
_7 propanoate
0—=r

meﬁna\'\oﬂ\\-c

For example, the reaction between ethanoic acid and ethanol is as follows.

H HO H H

| S
H—T—c/ O_‘\:_T_H
H H OH

H
| Jo}
H—C—C/ H H
N ]
0O—C—C—H
H |
H H

ethylethanoate

conc. H:50,

CH,COOH + C,H;0H CH,COOC,H;+H-O-H

Some other esterification reactions are given below.

HCOOH + C,H;0H 2 HCOOG,H; + H,0
methanoic  ethanol ethyl
acid methanoate
C;H,COOH + CH;OH = C3H,COOCH,; + H,0
butanoic  methanol methyl

acid butancate
Esters from the alcohol (first word)
Table of esters and their smells methyl  ethyl propyl  2-methyl WM o o
Tcabon 2carbons 3carbons propyl- 4 carbons 5 carbons 6 carbons benzene  7¢

N N TN 2
= N N X Aol L€
g &MQ @ 6 aleind
e s @ adiade @ bt
e agiegd e is @ JQ v
e atak sk @ @ ale
T e @akal @ @ @ (
e S gty
= A @ O - @ ak

o

from the carboxylic acid (second word)

salicylate
from salicylic acid

octanoate
8 carbons

nonanoate
9 carbons

oy P
cinnamate ‘ % E g ‘ ﬁmm@
B ‘ v @ an[h ) ‘. v | o

Vart, A 4+ cinderse) Srevchvnd fmh% eder>s

C"swz‘“zc"oc"zm . (

. o= ¢:

" CHy G-, coo_m,_cua dly b anale B
R kgl

e’ 7y Sharene

3. Hcoou N “

Vi
Hc_ogcuzcwzcmzcw \

Heoo-ctt

May 28, 2015
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Halogenoalkanes

* General formula is C;H,,,, X (where X = halogen)

* Halogenoalkanes contain an atom of fluorine, chlorine, bromine, or iodine bonded to
the carbon skeleton of the molecule.

Nucleophilic substitution

* Nucleophile -

The hydroxide ion, OH-, is a good nucleophile. For example, halogenoalkanes react
with alkalis such as NaOH to form alcohols.

CH,Cl + NaOH — CH;OH + Nacl
chloromethane methanol

GH;Br + NaOH — GH;OH + NabBr
1-bromopropane propan-1-ol

May 28, 2015
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