Functional group Chemistry(P482 to P496)

Understandings: 
● Alkanes: have low reactivity and undergo free radical substitution reactions.
· General formula is CnH2n+2 
· Alkanes are saturated hydrocarbons.
· The term hydrocarbons refers to compounds which contain carbon and hydrogen only. Alkanes are said to be saturated because they contain all single carbon–carbon bonds.
· Alkanes contain only C –– C and C –– H bonds, which are both strong bonds: C –– C = 348 kJ mol–1 and C –– H = 412 kJ mol–1. 
· These molecules will only react in the presence of a strong source of energy
· Combustion(e.g. Alkanes to fuels)
· Alkanes undergo complete combustion in presence of excess oxygen
· Alkanes undergo incomplete combustion in limited supply of oxygen (producing carbon monoxide or even just carbon atoms)
· E.g. C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)
· Limited oxygen---incomplete combustion occurs giving rise to carbon monoxide and water
· 2C3H8(g) + 7O2(g) → 3CO(g) + H2O(g)
· Other hydrocarbons, the alkenes, alkynes, and arenes, similarly undergo complete or incomplete combustion depending on the availability of oxygen
· With the release of large amounts of energy. As the C : H ratio increases with unsaturation, there is an increase in the smokiness of the  ame, due to unburned carbon.--->leads to environmental concern（Biology 4.4）
· Halogenation-substitution reaction of alkanes(Substitution and elimination. Free radical substitution)
· Alkanes undergo free–radical substitution and elimination to form unsaturated alkenes and alkynes
· E.g. CH4(g) + Cl2(g) ⎯⎯⎯→ CH3Cl(g) + HCl(g)
· The reaction does not take place in the dark as the energy of UV light is necessary to break the covalent bond in the chlorine molecule. 
· This splits it into chlorine atoms, which each have an unpaired electron and are known as free radicals.
· Once formed, these radicals will start a chain reaction in which a mixture of products including the halogenoalkane is formed. We can describe the reaction as a sequence of steps, known as the reaction mechanism.
· Free-Radical substitution
· Occurs in presence of UV light
· Free-radical refers to species formed when molecule undergoes homolytic fission 
· Definition-Homolytic fission: The two electrons of a covalent bond are split evenly between two atoms resulting in two free-radicals that each have a single electron
· Definition-Heterolytic fission: The bond creates a cation and an anion because the electrons are unevenly split (both electrons go to one atom)
· There are three steps involved in free-radical substitution reaction between methane and chlorine:
· Initiation
· Definition-initiation: The homolytic fission of the chlorine molecule in the presence of UV light.

·    This process occurs in the presence of uv light.[image: ]
· It is known as photochemical homolytic fission because the bond between the chlorine atoms is broken, splitting the shared pair of electrons between the two atoms. 

· Propagation
· Definition-Propagation: The radicals react with neutral atoms in attempt to gain stability. The target neutral atom then becomes a radical in the process.
· Propagation reactions both use and produce free radicals
· There are many possible propagation steps, which all allow the reaction to continue.[image: ]
·  This is why this type of reaction is often called a chain reaction

· Termination 
· Definition-Termination: Radicals join together creating new compounds in the process. This occurs either when:
· Emission of UV light is stopped preventing creation of radicals
· Concentration of hydrocarbons decrease because they “mop up” the radicals
· Termination reactions remove free radicals from the mixture by causing them to react together and pair up their electrons. [image: ]
· 

● Alkenes: are more reactive than alkanes and undergo addition reactions. Bromine water can be used to distinguish between alkenes and alkanes. 
· General formula CnH2n. 
·  Alkenes are unsaturated hydrocarbons containing a carbon–carbon double bond.
· Hydrogenation
· Alkenes undergo addition reactions
· A mixture of alkene and bromine water will undergo a colour change from brown to colourless. This indicates the presence of unsaturated molecules[image: ]

· Halogenation(Addition of hydrogen)
· Electrophilic halogenation of symmetrical alkenes involves addition of elemental halogens resulting in di-halogenated alkane
· Halogens react with alkenes to produce dihalogeno compounds. These reactions happen quickly at room temperature, and are accompanied by the loss of colour of the reacting halogen. 
· Addition of hydrogen halide (HX) to a symmetrical alkene results in single monohalogenated alkane[image: ]
· Hydrogen reacts with alkenes to form alkanes in the presence of a nickel catalyst at about 150 °C.[image: ]
· Often used in the margarine industry to convert oils containing many unsaturated hydrocarbon chains into more saturated compounds which have higher melting points. 
· Hydration(Addition of water)
· Converts the alkene into an alcoho[image: ]
· In the laboratory, it can be achieved using concentrated sulfuric acid as a catalyst.
· Polymerization
· Addition polymerization is the reaction of many small monomers that contain carbon-carbon double bond, linking together forming a polymer
· has open bonds at each end
· put in a bracket with n as subscript to denote the number of repeating units.
· ethene polymerizes to form poly(ethene), commonly known as polythene.[image: ]
[image: ]
● Alcohols: undergo nucleophilic substitution reactions with acids (also called esterification or condensation) and some undergo oxidation reactions. 
· General formula CnH2n+1OH 
· Alcohols have –– OH functional group The –– OH group is polar, and so increases the solubility in water of the molecules, relative to alkanes of comparable molar mass. 
· Can undergo complete combustion releasing CO2 and H2O 
· Oxidation
· 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 intact. 
· The oxygen donor [O] is normally acidified K2Cr2O7 

· Primary alcohol
· Oxidation of primary alcohols is a two step process
· First forming the aldehyde, which under prolonged conditions is oxidized further to the carboxylic acid.
· It is possible to stop the reaction after the  rst step and obtain the aldehyde product by using distillation to remove it from the reaction mixture. [image: ]
· Secondary alcohol
· oxidized to the ketone by a similar process of oxidation[image: ]
· Tertiary alcohol
· not readily oxidized under comparable conditions. This would involve breaking the carbon skeleton of the molecule, which requires signi cantly more energy. 
Condensation（esterification reaction）[image: ][image: ]
· Between alcohol and carboxylic acid
· The catalyst used is normally H2SO4
· Esterification is a reversible process
· Alcohols react with carboxylic acids to form esters in a condensation reaction in which water is also produced.[image: ]
·  carboxylic acid + alcohol ⇌ ester + water[image: ]
· The ester has the lowest boiling point of the components of the reaction mixture and so can be separated by distillation.
·  Esters have distinct smells that can often be detected if the reaction mixture is poured into a beaker of water
· e.g.
● Halogenoalkanes: are more reactive than alkanes. They can undergo (nucleophilic) substitution reactions. [image: ]
· Definition-A nucleophile is an electron-rich species containing a lone pair that it donates to an electron-deficient carbon. 
· General formula is CnH2n+1X (where X = halogen) 
· Halogenoalkanes contain an atom of  fluorine, chlorine, bromine, or iodine bonded to the carbon skeleton of the molecule.
· Halogenoalkanes are saturated molecules so, like alkanes, their reactions involve substitution
· Unlike alkanes, Halogenoalkanes are saturated molecules so, like alkanes, their  reactions involve substitution
· Nucleophilic Substitution Reactions
· Halogenoalkanes contain a polar carbon – halogen bond (C-X)
· This electron deficient carbon is open to attack by electron rich species known as nucleophiles
· Nucleophile contain a lone pair of electrons and sometimes have a full negative charge
· [image: ][image: ]
● 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. 
· Electrophilic Substitution Used for aromatic or compounds with double/triple bonds
· Electrophiles are reactants that are themselves electron de cient, as they have a positive charge or a partial positive charge. 
· These species are therefore attracted to the electron-rich benzene ring, leading to electrophilic substitution reactions.
· Benzene does not readily undergo addition reactions. Instead, it undergoes electrophilic substitution reactions.
· Electrophile is an electron poor species capable of accepting an electron pair
· Arrows show movement of electrons
[image: ]

Applications and skills: 
● Alkanes: 
● Writing equations for the complete and incomplete combustion of hydrocarbons. 
· Complete combustion： C3H8(g) + 5O2(g) → 3CO2(g) + 4H2O(g)
· Incomplete combustion：2C3H8(g) + 7O2(g) → 3CO(g) + H2O(g)
● 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. 
· CH4(g) + Cl2(g) ⎯⎯⎯→ CH3Cl(g) + HCl(g)

● Outline of the addition polymerization of alkenes.
 ● 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(VI) or potassium manganate(VII) 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. 
● Halogenoalkanes:
 ● Writing the equation for the substitution reactions of halogenoalkanes with aqueous sodium hydroxide.
image11.jpg
N )
T R B

(rounthaed - esloesd)




image1.png
H H H H H H

[ 11 [ 1]

H—C—C=C—H+H, — H—C—C—C—H

H H H H

CH,CHCH, + H, MU, i, CH,CH,
propene propane




image16.png
replacement of the risu, by Ul and reformaton ol the ri1)oUy.

H H H H H H

| 1 [ |

C=C + H,50, —» H—C—C—H + H,0 — H—C—C—OH

[ ] |

H H H OSO;H H H
H,S0,(conc.) H,0
CH,CH, ———— CH,CH,(HSO,) —> CH,CH,0H + H,S0,
ethene ethyl ethanol

hydrogensulfate




image17.png
T
c—cC
[
H Hln

=1

L—U—

L—OU—I

"(

the repeating unit

ethene




image15.png
alkane

addition e
polymers (Ni catalyst dihalogenoalkane
150°C)
+Br,
brown —= colourless
\ alkene /
/ C——=cC \
+H,0
(conc. H,S0,) +HCI

alcohol halogenoalkane




image13.png
T T, T »
0], he: 7 0], hea 7
c—c—on —Ihe, Y ¢ Hokheat, ¢
[ | \H reflux | \0H
H H H H
ethanol ‘ethanal ethanoic acid
primaryalechal aldehyde carboxylic acid
O], he: 0], he
ahanol P cthanal 12, hanoic acid
primary aleohol aldehyde carborylicacid

H*[Cr(V)) ————————— Cr(ll)




image4.png
H H H H H
N T T
H—C—C—C—H — 5> H—C—C—C—H + H0
[ ] b [ |
H OHH H O H
CH,CHOHCH, (CH)),CO
propan-2-ol propanone
+[0], heat
propan-2-ol —==— propanone  + H,0
CH;CHOHCH, (CHy),CO

H?[Cr(VI) —— Cr(ill)




image5.png
2-methylpropan-2-ol no reaction

0], he:
-methylpropan-2-ol “ ™%, 1 reaction

H*/Cr(V) ——> no change in colout




image12.png
Oxidation product Colour change with acidified

KyCr,0,(aq)
primary alcohol aldehyde —» carboxylicacid | orange — green
secondary alcohol | ketone orange — green

tertiary alcohol not oxidized no colour change




image3.gif
Rj‘. +#H-OR"—> ijon-- + 0

Casboxlic
- Aleohal Eter Water




image19.png
A
H H
H T SN
b ot
H H
ethyl ethanoate

CH,COOH + C,H;,0H

Lo B304 CH,COOC,H, + H-O-H




image14.png
HCOOH + C,H;0H = HCOOG,H; + H,0

‘methanoic  ethanol ethyl
acid methanoate

C3H,COOH + CH;0H = C;H,COOCH; + H,0

butanoic  methanol methyl
acid butanoate




image2.png
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

CHBr + NaOH — GH,0H + NaBr
1-bromopropane propan-1-ol




image8.jpg
"
O e d

i

208

The ko atacks he ik o o carbon o darato anection o
e o L e o i





image7.png
CgHq+ HNO,%‘_{C;O‘) CH;NO, + H,0

o

The reaction of benzene with halogens is as follows:

CyH, +Cl, AChindyether , ¢ )4yl

© a




image18.png
€1, -2VEER 5 Ol radicals Qs Uviight 5CI° Cl

2 chlorine radicals




image6.png
Cle +CH, — CH, + HCl
CHjy* +Cl, - CH,Cl+Cl»
CH,Cl+Cle — CH,Cl+ + HCl
CH,Cle +Cl, - CH,Cl,+ Cl+




image10.png
Cle+Cle > Cl,
CHye +Cle— CH,Cl
CHje +CH,* — CH,




image9.png
H.

Niks Catayt

H
|
H—C—
|
H

H
|
C—H
|
H




