L3- Leorm'rg Ouvtcomes

11.1 Formulae, functional groups and terminology
| can:

J 8. Define structural isomers as compounds with the same molecular formula, but different structural
formulae, including CsH10 as CH3CH,CH,CH3; and CH3CH(CH3)CH3 and CsHs as CH3CH,CH=CH; and CH3CH=CHCH3;

11.2 Naming organic compounds
I can:
d 1. Name and draw the displayed formulae of:

(e) the products of the reactions stated in sections 11.4-11.7 (i.e. Carboxylic acids, Alcohols, Alkenes, and
Alkanes).

11.4 Alkanes 11.5 Alkenes

3 Describe the reasons for the cracking of larger

3 State that in a substitution reaction one atom or
alkane molecules

group of atoms is replaced by another atom or
group of atoms 4 Describe the test to distinguish between

saturated and unsaturated hydrocarbons by their

4 Describe the substitution reaction of alkanes : 3 .
reaction with aqueous bromine

with chlorine as a photochemical reaction, with

ultraviolet light providing the activation energy, 5 State that in an addition reaction only one
E,, and draw the structural or displayed formulae product is formed
of the products, limited to monosubstitution 6 Describe the properties of alkenes in terms of

addition reactions with:

(@) bromine or aqueous bromine

(b) hydrogen in the presence of a nickel catalyst
(c) steam in the presence of an acid catalyst

and draw the structural or displayed formulae of
the products

11.6 Alcohols 11.7 Carboxylic acids
(@) fermentation of aqueous glucose at 25-35°C (a) metals
in the presence of yeast and in the absence of (b) bases
oxygen (c) carbonates
(b) catalytic addition of steam to ethene including names and formulae of the salts
at 300°C and 6000kPa/60 atm in the produced
presence of anacid catalyst 2 Describe the formation of ethanoic acid by the

oxidation of ethanol:
(a) with acidified aqueous potassium
manganate(VII)

(b) by bacterial oxidation during vinegar
production



Steuctvral [somers

Steuctural isomer : compounds with the same molecolar formula. but different structural formola.
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Reactions ir\Volving alKanes and alKenes

+ reaction where one atom or group of atoms is replaced by another

Substitution reaction
atom or grovp of atoms

> alkanes undergo a substitution reaction with chlarine fo produce chloroalkanes and
hydrogen. chloride. Reaction requires ultraviolet light 1o provide the necessary ackivation energy (€a)

X photochemical reaction ° reactions that are initiaked when light encrgy is absorbed by reactants

o oy
ex: H-C-C-H + cCl—cl  light H-C-C-Cl + H-cl
H H H H
ethane chlerine chloroethane  hydrogen. chloride

Cri o.cking © process of brcakin3 long hydcocarbons into smaller, simpler molecules
typically reguices the addition of heat or a catalyst

HHHHHHH HHHHH H H

[} 1 Cl: CI cl: é é 5 ! 1 ] ] ! \ 7/

ex: H 9 C: ' ' ' 1 ' — H'CE"C'-C:,"C"C':'H ¥ /C_C\
H HHHHHH HHHHH H H

pentane ethene

heptane

USeS. shorter alKones can be used os fuels
alkenes can be used fo produce polycfhylme i-e. plasb'c

Addition reackion : reaction where two or more molecules combine to form one product

> alkene reactions with bromine

H H
H . /H )
ex: /C=C\ t Br-Br __ H-C-C-H
H H Br Br
ethene bromine dibromoethane

X safurakion test using bromine water (aqueous bromine) to test for the prescence of alKenes

alkane * i — i no reaction. Saturated kydrocarbon.

alkene * ' —> U becomes decolovrized. ynsaturated ’\yd(ocarbon.



Reactions involvin3 alKenes

S alkene reactions with '\ydragen.

hydrogenation © reackion between alkene and hydragen in the prescence of a catolyst (ex: nickle)
and high temperatures (ex: 200°C) U

Substance which increases

H\ /H ’.', '," rate of reaction without
ex: /C =C\ + H-H L) H - ('; = Cll -H undergoing permaneat Change
H H H H by lowering activation crergy
ethene kydrogcn. ethane

X Fartial kydragenation of unsaturated faks ({-'ounr) in 0ils) leads fo rans fabs which raise melting point
cavsing them to be solid at room temperature  ex: margarine

magarin.e

S alkene reactions with water (sl-.eam)

l\ydm{ion. " reackion where substance combines with water.
when alkenes are heated (300°C) in presence. of steam (water )J an acid catalyst, and
high pressure (60atm), an addition reaction occurs: breaking the double bond and water, fbrming an alcohol

H H HoH

. Ne=c” H O H  H'. H-c-C
ex: /C-—C\ + . s -~ C H
H H 0 H O-H

ethene waker ethanol



Reactions involving alcohols
\S> oxidation of aleohol into carboxylic acid

bacterial oxidation : feaction with oxygen by bacteria such as Acebobacter forming a
carboxylic acid

§ 4 o =
ex: H-C-C-0-H + 0=0 __, H-C-C-0-H ¢ H M

H H H 0 ('.

ethanol oxygen ethanoic acid water

(acetic acid / vinegar acid)

oxidation with catalyst : alcohol can be oxidized in the presence of astrong oxidizing agent
such as acidified potassiom manganate (Vi) solution

4y X
ex: H- C C -0-H KMnOH H—(;,—C—O—H

HH H, S04 (ag) H

ethanol ethanoic acid

(acetic acid /vin egar acid)
S alcohol Produd-.ion by {ecmentation

aleohol fermentation  metabolic process where sugar, such as glucose is converted to alcohol
and carbon dioxide. Occurs in yeast, plants, and bacteria.

H
HO-C~H 44
ex: H-C-C-o0-H 0=C=0
BN /C. oL /” A
SN +
Ho” \°“ H/ oH ]
c H-C-C-0-H 0=c=0
H OH H H
CeHi2 0, 2 C,Hs0H + 2 co,
glucose ethanol carbon dioxide
uses: production baking a{’ - production @
of aleoholic bread 00; ﬂw" = of biofuel
046 Qb &0

bever ases



Reactions involving carboxylic acids

> carboxylic acid reactions with metals

generally: acid + metal —> salt + hydrogen gas

H 4 H 4 2 H
] ]
ex: H-Q-C-O-H + 3 H—C'Z-C-O- -—O-C-(:,-H + H-H
H H H
H O
I
H- Q -C-0-H
H
2 CH3COOH aq) Mg (s) (CHCSCOO)2 Ma (a9) + Hz (9)
ethanoic acid magnesivm Mmagnesium ethanoate hydrogen

X hyérojen test: the presence of hydrogen gas can be tested ) /
by exposing a gas to a burning splint ?
if H, is Prcscnt a 'POP' sound will occur y
W
\S car boxyh'c acid reactions with bases

generally: ocid + base —> salt + water

HoD o
] ]
ex:  H-C-C-0-H + Na-0-H y H-C-C-O-Na 4+ H H
H H 0
CH3COOH ) NaOH (aq) (CHacoo)Na, (a9) + H=0 ()
ethanoic acid sodium hydroxide Sodium ethanoate water

> carboxylic acid reactions with carbonates

3enera|ly: acid + metal carbonate —> salt + water + carbon dioxide

H © H O
] 1] y H H
ex: H-'(.:'C'O'H + Na-0-C-0O-Na ; H—C'Z-C-O—Na <,
H H + ¥ =C=
H © H O
Tl |
H—(}-C-O'H H—C'l- -0-Na
H H
2 CH_3COOH (aq) 4 No.,CO,, cs) 7 (CH\.sCOO) N (a9) 4 Hzo (1) + Co, )
ethancic acid sodium carbonate Sodium ethanoake water carbon

dioxide



Fractice 7ucstions

@ What is fhe minimum avmber of carbons for structoral isomers for the ('o"auinj (cxplm'n your answer)

a) alKanes
b) alKenes
o alcohols
d) carboxylic acids

@ How many siructural isomers exist Qo alKanes of 5, 6,7, 8,9 corbons? s there a patkem?

@ Complete the following chemical reactions by providing the word and baleaced chemical equations.

example  C,H, ¥ Cly ﬂ C2 HsCl + HCl
ethane chlorine chloroethane ;\ydrascn chloride
a) light
methane + chlorine
b) light C,H,Cl . HCl
c) _
dibromobutane
d) C3 Hb + sz _—
e) + Nﬁ'
but-1-ene hydrosen.
F ) + Hz —-)N‘ c3 H 8
+
propan-| -ol
h) + _Hy
but-1-ene water
() —_— C,H, COOH v H, 0
J ) + —_—

Penl:am— I-ol oxygen



Fractice 7ucstions

@ Cont.

1 + —
butanoic acid calciom
n) t —>
methanoic acid Sodivm hydroxide
0) —> + +
Potassium propancate waker carbon dioxide
P) Cy HqCOOH + CaCO, —_—

@ Describe the difference between o substitution and addition reackion. Inclode examples

@ In o chemical ceaction, a catalyst can be used. A student describes o catalyst as a substance
added fo incease energy and thus increase rate of reaction. Explain, whether they are correct or not.



