
Isomers
Isomers (molecules that cannot be superimposed on each other by rotation about single bonds) can be 
classified in different categories.

Structural (constitutional) isomers – same molecular formula but different structures as a result of 
different chain length due to branching, or shifting of the position of a functional group, or changing the 
nature of the functional group. They have different physical properties (e.g. melting point and boiling 
point); chemical properties may differ, depending on the nature of the functional group.

Stereoisomers – atoms linked in the same order but different 3-dimensional arrangement. They may be: 

•  geometric isomers – molecules with different orientation of functional groups due to the presence of a 
double bond or a ring in a cyclic compound; they differ in physical properties

  

H3C CH3

HH

C C

 H3C

C C

CH3

H

H

  cis-but-2-ene trans-but-2-ene

• optical isomers or enantiomers – molecules that are non-superimposable mirror images are chiral 
molecules; they contain a stereogenic (chiral) carbon atom that has four different groups attached

  
COOHH3C

NH2

H

C

 
COOH

NH2

C

H3C

H

 Enantiomers have identical physical properties except that they rotate the plane of polarised light in 
opposite directions. They have identical chemical properties except in their reactions with other optical 
isomers.

Functional groups and their reactions

Alkanes
The general formula for acyclic alkanes (without rings) is CnH2n+2. The general formula for a cyclic alkane 
with one ring is CnH2n. They are non-polar and insoluble in water.

Alkanes are used as fuels and undergo combustion. In excess air (oxygen), products are CO2 and H2O. 
When air supply is limited, products are H2O and C or CO.

Alkanes slowly decolourise orange Br2 solution in the presence of UV light. The reaction is a substitution 
and the products of a monosubstitution reaction are a monobromoalkane and hydrogen bromide (an acidic 
gas which turns moist blue litmus paper pink).

 CH3CH2CH2CH2CH3  +  Br2  
UV
$   CH3CH2CH2CH2CH2Br  +  HBr
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Alkenes
Alkenes are unsaturated hydrocarbons with at least one double bond (a functional group). They are  
non-polar, and hence insoluble in water. They can be used as fuels and undergo combustion as for alkanes, 
although they often burn with a sooty flame.

Alkenes undergo addition reactions. Addition of H2 with a metal catalyst (e.g. Ni or Pt) produces an alkane; 
addition of Br2 produces a dibromoalkane. The common tests for an unsaturated hydrocarbon are:

• Rapid decolourisation of an orange solution of bromine, Br2, in the presence or absence of sunlight.

• Reaction with potassium permanganate – in acid solution, the purple permanganate ion, MnO4
−, is 

reduced to colourless manganous ion, Mn2+; in neutral solution, it is reduced to brown manganese 
dioxide, MnO2. The organic product is a diol, which can be oxidised further. The product of the 
oxidation varies, depending upon whether the alcohol is primary, secondary or tertiary.

Addition of molecules such as HCl and H2O (using an acid catalyst) to unsymmetric alkenes may result in 
two possible products. The favoured product is the one in which the H atom is added to the carbon of the 
double bond that already carries the most H atoms (Markovnikov’s rule).

 conc H2SO4, H2OCH3CH CH2    H3C CH3CH

OH

  +  H3C CH2 OHCH2

 propan-2-ol propan-1-ol
 major product minor product

Haloalkanes (alkyl halides) RX (where X is F, Cl, Br or I)
Haloalkanes can be classified as primary RCH2X, secondary R2CHX or tertiary R3CX. They are relatively 
non-polar and insoluble in water.

Haloalkanes undergo reaction by the following.

• Substitution – replacing the X with another group such as OH (forming an alcohol using reagent 
aqueous OH–) or NH2 (forming an aminoalkane using NH3 in an alcoholic solvent).

• Elimination – removal of an HX to form an alkene. Elimination is favoured when the solvent used is less 
polar, e.g. alcoholic (rather than aqueous) KOH. Reaction is more favourable with tertiary haloalkanes 
than with primary. For haloalkanes that are not symmetric, the favoured product is that in which the H 
is removed from the C (adjacent to the C–X) carrying the least number of H atoms in the haloalkane.

H3C CH CH3CH

CH3

Br

  
KOH/Ethanol

  CH CH3H3C C

CH3

 +  H3C CH CH2CH

CH3

 +  HBr

       major product   minor product

Note that if the alkene produced can have geometric isomers, then both the cis and trans isomers are 
formed.

Amines (alkanamines)
Amines may be primary, RNH2; secondary, R2NH; or tertiary, R3N. Smaller amines, up to C5, are soluble in 
water, but larger amines are insoluble. Water soluble amines form basic solutions and aqueous solutions of 
amines turn litmus blue.

   RNH2 + H2O  $  RNH3
+ + OH−

Amines undergo an acid-base reaction with acids to form ionic salts and this increases the solubility.

   CH3NH2 + HCl  $  CH3NH3
+

 Cl−

   methanamine methyl ammonium chloride
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Amines are made by substitution reaction between NH3 and haloalkanes, the reaction being carried out 
using alcohol as a solvent rather than water.

Alcohols (alkanols) – ROH
The alcohol chain is numbered from the end giving the OH the lowest number, regardless of position of any 
alkyl or halogen substituents. Alcohols are classed as primary, RCH2OH (and methanol); secondary R2CHOH; 
and tertiary R3COH. Small alcohol molecules are polar and water soluble – presence of OH group means they 
are able to undergo intermolecular hydrogen bonding. As the length of the non-polar hydrocarbon chain 
increases, solubility in water decreases. Aqueous solutions are neutral. Alcohols are formed by:

• substitution of OH− for X− on haloalkanes

• addition of H2O to alkenes (e.g. by reaction with conc H2SO4 and water)

• reduction of aldehydes and ketones with NaBH4

Reactions of alcohols
Elimination (or dehydration) – forming an alkene and water.

 

OH

H3C CH3CH   
conc H2SO4/heat

  CH3CH=CH2  +  H2O

  propan-2-ol propene

Note that elimination of H2O (or HCl from a chloroalkane) followed by addition of H2O (or HCl) can be 
used as a way of moving the functional group along the carbon skeleton.

Substitution – of the OH− using conc HCl (with ZnCl2) or SOCl2 to form a chloroalkane.

Substitution is faster for tertiary alcohols than for secondary, and slowest for primary alcohols. Rate of 
substitution of alcohols is increased by heating the reaction mixture under reflux – this way the reaction 
mixture can be heated for a period of time without material (reactant, product or solvent) evaporating and 
being lost from the flask.

Oxidation  – using acidified KMnO4 or acidified K2Cr2O7.

Primary alcohols, RCH2OH, are oxidised to form aldehydes, RCHO, which are easily oxidised further to 
form carboxylic acids, RCO2H. If aldehyde is the desired product, the oxidising agent must be added slowly 
and aldehyde distilled off as it forms (it has a lower boiling point than the alcohol and carboxylic acid, as it 
cannot undergo intermolecular hydrogen bonding).

 CH3CH2OH  
Cr2O7

2−/H+

  

H3C H

O

C   
Cr2O7

2−/H+

  
H3C OH

O

C

    ethanol            ethanal      ethanoic acid

Secondary alcohols, R2CHOH, are oxidised to ketones, R2CO.

 H3C CH CH3

OH

  
MnO4

− /H+

   
H3C CH3

O

C

      propan-2-ol       propanone  (also called acetone)

When using acidified dichromate in either redox reaction, the Cr2O7
2− is reduced to Cr3+, and the colour 

changes from orange to green. When using acidified permanganate in these reactions, the purple MnO4
− 

ion is reduced to the colourless Mn2+ ion.

Tertiary alcohols – do not react with oxidising agents – oxidation reactions thus can be used to distinguish 
tertiary alcohols from primary and secondary alcohols.
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Aldehydes (alkanals – RCHO) and ketones (alkanones – RCOR’)

Oxidation
Aldehydes are oxidised to carboxylic acids by reaction with Cr2O7

2–/H+ or MnO4
–/H+, as well as mild oxidising 

agents such as Ag+ and Cu2+, that are too weak to oxidise alcohols.

Tollens’ test – reaction with a complex ion Ag(NH3)2
+, which on heating gives a silver mirror on the inner 

surface of the test tube (or a fine black ppt of silver). Reduction half-equation is:

 Ag+(aq)  +  e−  $  Ag(s)

Benedict’s test – blue complex of Cu2+ (in Benedict’s solution) reduced to brick-red precipitate of Cu2O.

Fehling’s test – an alkaline solution containing a deep blue complex ion of Cu2+ (copper(II) tartrate 
complex ion) is reduced to brick-red Cu2O.

Acidified dichromate and acidified permanganate  – orange Cr2O7
2–/H+ is reduced to green Cr3+,  and 

purple MnO4
–/H+ to colourless Mn2+.

Ketones are not oxidised – distinguished by observing this lack of reaction with an oxidant.

Reduction
Aldehydes are reduced by sodium borohydride, NaBH4, to form primary alcohols; ketones are reduced by 
NaBH4 to form secondary alcohols.

Carboxylic acids (alkanoic acids) – RCOOH
Acids taste sour. Organic acids are weak acids and turn litmus pink.

 CH3COOH  +  H2O  ?  CH3COO−  +  H3O
+

They form metal salts that are basic, e.g. sodium ethanoate. They dissolve in H2O to produce a solution of 
Na+ and CH3COO– ions.

 CH3COO−  +  H2O  ?  CH3COOH  +  OH−

Conversion to a soluble ionic salt by dissolving in basic solution rather than H2O increases solubility of less 
soluble acids and can be used as a means of separating them from other non-polar organic solutions.

Carboxylic acids can react by substitution of the OH−

Using SOCl2 (or PCl3 or PCl5 but not conc HCl) – carboxylic acids undergo a substitution reaction to form 
acid chlorides, RCOCl.

 H3C C

OH

O

   
SOCl2    H3C C

Cl

O

   ethanoic acid      ethanoyl chloride

Using alcohols (and an acid catalyst such as conc H2SO4), carboxylic acids undergo a substitution 
reaction to form esters, RCO2R’.

 H3C C

OH

O

 + CH3OH  
H+

  H3C C

O

O

CH3

 + H2O

   ethanoic acid     methanol methyl ethanoate

Ester formation can also occur when conc sulfuric acid is reacted with a carboxylic acid carrying an 
OH group at a position that can lead to the formation of a 5 or 6 membered ring, e.g. reaction of 
cis-5-hydroxypent-2-enoic acid. This would not occur for the trans isomer due to the stereochemistry being 
unfavourable.

  ISBN 978-1-988548-85-2 –  Copying or scanning from ESA workbooks is limited to 3% under the NZ Copyright Act.

48	 Achievement	Standard	91391	(Chemistry	3.5)

C
h

ap
ter 4

ScholChemAME 2019.indd   48 24/05/19   3:26 PM



 

C

H2C H2C

H2C

conc H2SO4

H2C

C
O

O + H2O C

HH

C

OH

OH

C C

O

HH

Using ammonia, a base, the initial reaction with a carboxylic acid is proton transfer to form the ammonium 
salt, but on heating, this salt decomposes to form an amide, RCONH2.

 CH3CH2CO2H  +  NH3  $  CH3CH2CO2
−NH4

+  
heat

  CH3CH2CONH2  +  H2O

 propanoic acid    ammonium propanoate         propanamide

Using amines to form N-substituted amides:

 CH3CH2CO2H  +  CH3NH2  
heat

  CH3CH2CONHCH3  +  H2O

Esters (alkyl alkanoates) – RCOOR’
Esters (alkyl alkanoates) are neutral in aqueous solution. They have a characteristic odour – often a fruity 
smell, but this can vary and some have unpleasant smells.

Esters are formed by condensation reactions

Rapid reaction of alcohol + acid chloride forming an ester + HCl:

 H3C C

Cl

O

 +  CH3OH  $  C

O

O

CH3

H3C + HCl

Acid catalysed reaction of alcohol + carboxylic acid to produce an ester + water:

 H3C — CH2 — CH2 — C

OH

O

 +  CH3CH2OH  
H+

   H3C — CH2 — CH2 — C

O — CH2 — CH3

O

+  H2O

  butanoic acid    ethanol        ethyl butanoate

Hydrolysis of esters

The reverse reaction is the hydrolysis of the ester to form an alcohol and the carboxylic acid or carboxylate 
ion (depending on the pH of the solution).

• Hydrolysis in acid produces the alcohol + carboxylic acid:

 CH3CH2COOCH3  +  H2O/H+  $  CH3CH2COOH  +  CH3OH

 methyl propanoate       propanoic acid     methanol

• Hydrolysis in NaOH solution gives alcohol + sodium salt of the carboxylic acid:

 CH3CH2COOCH3  +  NaOH  $  CH3CH2COONa  +  CH3OH

 methyl propanoate   sodium propanoate  methanol

The alcohol is separated from the sodium salt by distilling it off; water runs through the outer case of the 
condenser to cool any alcohol vapour.
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Amides (alkanamides) – RCONH2

Amides are solids. They have no smell and aqueous solutions are neutral. They are formed by substitution 
reaction of acid derivatives:

• acid chloride  +  ammonia  $  amide  +  HCl (rapid reaction)

• ester  +  ammonia  
heat

  amide  +  alcohol (slow reaction)

Use of a primary or secondary amine (rather than ammonia) produces an N-substituted amide.

Hydrolysis of amides – occurs under acidic or basic conditions.

• Hydrolysis in acid produces the carboxylic acid and the alkylammonium salt (or NH4
+).

 CH3CH2CONHCH2CH3 + H2O/H+  $  CH3CH2COOH + +NH3CH2CH3

 CH3CH2CONH2 + H2O/H+  $  CH3CH2COOH + NH4
+

• Hydrolysis in NaOH(aq) produces the amine (or NH3) and the sodium caboxylate.

 CH3CH2CONHCH2CH3 + NaOH  $  CH3CH2COONa + CH3CH2NH2

 CH3CH2CONH2 + NaOH  $  CH3CH2COONa + NH3

Amino acids and peptides
Amino acids are molecules carrying both an amino group and a carboxylic acid group.

In acidic solutions, the basic NH2 group is protonated to form a positively charged amino acid.

 C

OH

O

H2N C

H

CH3

+  H3O
+  $  C

OH

O

C

H

CH3

H N

H

H

+
+  H2O

In alkaline solution, the carboxylic acid group loses a proton, forming a negatively charged ion.

 C

OH

O

H2N C

H

CH3

+  OH−  $  C

O–

O

H2N C

H

CH3

+  H2O

The amino acid does not actually occur in its neutral form, but rather in a dipolar form (called a zwitterion), 
in which the acidic proton is transferred to the basic amino group:

    C

O–

O

C

H

CH3

H N

H

H

+

The ionic nature of these zwitterions and the ionic bonding between the particles explains why these 
compounds are solids at room temperature; it also makes them more soluble in an aqueous (polar) solvent 
than in a non-polar solvent.
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Small molecules called dipeptides and tripeptides are formed by the condensation of two and three amino 
acid molecules respectively:

 C

OH

O

H2N C

H

CH3

  +  C

OH

O

H2N C

H

H

  $ C COOHH2N CH

CH3

NH CH

H

O

  or 

C COOHH2N CH

H

NH CH

CH3

O

Polymers
Addition polymers – formed by addition reactions between alkene monomers:

n(CH3CH=CH2)  $  CH2 CH CH2

CH3

CHCH

CH3

CH2

CH3

    or    CH2 CH

CH3

(                       )
n

Condensation polymers – polyesters and polyamides (including proteins) formed when monomers are 
linked by a series of condensation reactions.

Polyesters are formed by the reaction:

diacid (or diacid chloride)  +  dialcohol  $  polyester  +  water (or HCl)

         O          O                                                                 O                 O

n(HOC(CH2)6COH)  +  n(HO — (CH2)6 — OH)  $  — C(CH2)6 — C — O(CH2)6O —  +  nH2O

or
       O          O                                                             O                O

n(ClC(CH2)6CCl)  +  n(HO — (CH2)6 — OH)  $  — C(CH2)6 — C — O(CH2)6O —  +  nHCl

In each of these reactions, the section of polymer shown can be referred to as a ‘repeating unit’.

Polyamides are formed by the reaction:

diacid (or diacid chloride)  +  diamine  $  polyamide  +  water (or HCl)
         O                      O                                                                 O           O

n(HOC — (CH2)6 — COH)  +  n(H2N — (CH2)6 — NH2)  $  — C(CH2)6C — NH(CH2)6NH —  +  nH2O

       O                     O                                                                 O             O

n(ClC — (CH2)6 — CCl)  +  n(H2N — (CH2)6 — NH2)  $  — C(CH2)6C — NH(CH2)6NH —  +  nHCl

Proteins are formed by the condensation of a large number of amino acids. 

Hydrolysis of proteins and peptides

Hydrolysis of the protein or peptide will produce the constituent amino acids. If this is done in acid solution, 
they will be in the form of the positive ion; whereas if it is in base solution, they will be in the form of the 
negative ion.

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟

n

⎞

⎠
⎟
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Questions: Functional groups and their reactions

Question One
a. Compound A has the molecular formula C5H10O and is not optically active. In the 13C NMR spectrum of 

Compound A there are four signals. None of these signals lies above 100 ppm.

 Draw the six constitutional isomers of C5H10O that satisfy the information given.

INFORMATION

In an ozonolysis reaction, the double bond (C=C) of an alkene is broken. Two products are formed, each 
having C=O at the carbon atom that was originally double-bonded. The actual products of the reaction 
depend on the reaction conditions.

When a reductant such as zinc metal in acid is used, the products are ketones or aldehydes. When an 
oxidant such as H2O2 is used, the products are ketones or carboxylic acids.

C=C O=CC=O

R1 R1H H

R2 R2R3

O3

red
R3

C=C O=CC=O

R1 R1H OH

R2 R2R3

O3

ox
R3

b. When Compound A is reacted with thionyl chloride, SOCl2, followed by alcoholic potassium hydroxide, 
KOH(alc), the resulting Compound B is found to be optically active. The 13C NMR of Compound B has 
five signals.

  Reductive ozonolysis of Compound B produces Compound C which, on reaction with sodium 
borohydride, NaBH4, produces Compound D, which has the molecular formula C5H12O2. Compound D 
is optically active.

  When Compound D is treated with thionyl chloride, SOCl2, followed by gaseous ammonia, NH3(g), 
under pressure, Compound E is produced.

  Oxidative ozonolysis of Compound B produces Compound F which, in turn, forms Compound G on 
reaction with thionyl chloride.

  Draw the structures of Compounds A to G, including both optical enantiomers of Compound B 
(no other optical isomers are required).

 Year 2018 
Ans. p. 119
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c. Compound E and Compound G from b. can be reacted under different conditions to produce different 
products.

  Method One: One litre of an inert, non-polar solvent is placed in a 
large round-bottom flask. Two dropping funnels, one containing an 
0.04 mol L–1 solution of Compound G and the other containing an 
0.08 mol L–1 solution of Compound E, are loaded into the flask (see 
diagram). The two solutions are added dropwise to the flask, with 
continuous stirring, to produce two organic products, Compounds 
H and I. These two compounds are constitutional isomers with the 
molecular formula C10H18N2O2. The reaction requires an excess of 
Compound E to ensure the products are neutral.

  Method Two: Compound E and excess sodium hydroxide, 
NaOH(s), are added to a beaker and dissolved in sufficient water to 
give a concentration of 1 mol L–1 for Compound E. Compound G is 
dissolved in hexane in a separate beaker to give a 1 mol L–1 solution. 
The solution of Compound G is then gently poured into the aqueous 
solution of Compound E and the formation of two layers is observed. 
Compound J is formed between the two layers and is drawn out of 
the beaker and wound around a glass rod.

 Identify and draw structural formulae for the compounds H, I and J.

  Explain why the two sets of conditions given above produce different 
products.
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Question Two
a. A tetrapeptide is isolated in the laboratory. It has the molecular formula C16H28O8N4. To determine the 

amino acids in this compound, a sample is completely hydrolysed using hydrochloric acid solution. The 
resulting four organic products (amino acids), A, B, C, and D are separated out, and further analysis 
gives the following results:

 Only Compound A is NOT optically active.

 A sample of Compound B reacts with concentrated sulfuric acid, H2SO4, to produce constitutional 
isomers, Compounds E and F, both of which are able to decolourise bromine water. Compound F is 
produced in larger amounts than Compound E.

 A sample of Compound C, in the fully protonated form, reacts completely with 3 mole equivalents of 
sodium hydroxide, NaOH. Compound C also reacted at high temperatures with 2 mole equivalents of 
methanol, CH3OH, in the presence of a concentrated sulfuric acid catalyst, to produce an oily product, 
Compound G, with the ionic formula, C6H12O4N

+.

 The mass spectrum of Compound D has a molecular ion peak (M+) at 131 m/z. The 13C NMR spectrum 
has six distinct peaks.

 Determine, with justifications, the identities of the amino acids A to D, and the structures of 
Compounds E to G, using the information given above and the amino acid structures shown.

Amino acid structures and molar masses

CH3

CH2

CH3

CH

H2N     C     H

COOH

Leucine
(131.2 g mol–1)

H     C     CH3

CH2

CH3

H2N     C     H

COOH

Isoleucine
(131.2 g mol–1)

CH2OH

H2N     C     H

COOH

Serine
(105.1 g mol–1)

H     C     OH

H2N     C     H

COOH

CH3

Threonine
(119.1 g mol–1)

CH2

SH

H2N     C     H

COOH

Cysteine
(121.2 g mol–1)

CH2

H2N     C     H

COOH

OH
Tyrosine

(181.2 g mol–1)

CH2

CH2

CH2

NH

C     NH

NH2

H2N     C     H

COOH

Arginine 
(174.2 g mol–1)

CH2

H2N     C     H

COOH

CH2

CH2

CH2

NH2

Lysine
(146.2 g mol–1)

CH2

CH2

COOH

H2N     C     H

COOH

Glutamic acid
(147.1 g mol–1)

CH2

H2N     C     H

COOH

COOH
Aspartic acid 

(133.1 g mol–1)

H

CH2

CH2

C

COOH

Proline
(115.1 g mol–1)

HN

H2C

O

C

H2N     C     H

COOH

CH2

Asparagine 
(132.1 g mol–1)

H2N

CH2

CH2

C

H2N     C     H

COOH

Glutamine
(146.2 g mol–1)

OH2N

H2N     C     H

COOH

H
Glycine

(75.1 g mol–1)

H2N     C     H

COOH

CH3

Alanine 
(89.1 g mol–1)

H2N     C     H

COOH

CH3 CH3

CH

Valine
(117.2 g mol–1)

 Year 2017 
Ans. p. 119
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Chapter 1: Quantitative analysis AS 91387 
(Chemistry 3.1)

Ch 1 Quantitative analysis

Question One
n(S2O3

2–) = n(Na2S2O3
.5H2O) = 

2.456 g

248.2 g mol–1
 

  = 9.895 × 10–3 mol in 100 mL

[S2O3
2–] = 

9.985 × 10–3 mol

0.1000 L
 = 9.895 × 10–2 mol L–1

Diluted solution [S2O3
2–] = 9.895 × 10–2 mol L–1 × 

5.000 mL

250.0 mL
    = 1.979 × 10–3 mol L–1

Assume the term ‘iodine’ in the food standard statement refers 
to I rather than I2, as the latter is also referred to as simply 
‘iodine’ in the question.

The minimum standard is 25 × 10–3 g of I in 1 000 g of salt –  
this is 1.25 × 10–3 g of I per 50.0 g salt dissolved in 250.0 mL.

n(I) = 
1.25 × 10–3 g

1.269 g mol–1
 = 9.85 × 10–6 mol in 250.0 mL

In 50.0 mL sample, there would be 1.970 × 10–6 mol I = n(IO3
–)

n(I2) formed by reaction between IO3
– and I– = 3 × n(IO3

–)  
= 5.910 × 10–6 mol

In titration, n(S2O3
2–) = 2 × n(I2) = 1.182 × 10–5 mol

Since [S2O3
2–] = 1.979 × 10–3 mol L–1, then titre volume 

  = 
1.182 × 10–5 mol

1.979 × 10–3 mol L–1
 = 5.973 × 10–3 L = 5.973 mL

This is the minimum titre volume for the salt sample to contain 
more than 25mg/kg of iodine.

Question Two
Conc. standard iron(II) ammonium sulfate soln =

10.30 g
392.2 g mol–1 × 0.250 L

 = 0.1050 mol L–1 = [Fe2+]

Reaction of Fe2+ with Cr2O7
2– according to eqn 1

n(Fe2+) = 0.1050 mol L–1 × 0.0250 L = 2.626 × 10–3 mol 
= 6 × n(Cr2O7

2–)

n(Cr2O7
2–) = 4.377 × 10–4 mol and [Cr2O7

2–] = 4.377 × 10‒4 mol
0.01743 L

 = 0.02511 mol L–1

Ethanol in wine was oxidised by dichromate and excess 
dichromate was determined by back-titration with Fe2+.

n(Fe2+)added to wine/dichromate mixture  = 0.0100 L × 0.1050 mol L–1 
= 1.050 × 10–3 mol

n(Cr2O7
2–)remaining in 19.88 mL of mixture  = n(Fe2+)

6
 = 1.750 × 10–4 mol

n(Cr2O7
2–)in 126 mL mixture = 1.750 × 10–4 mol

0.01988 L
 × 0.126 L

 = 1.109 × 10–3 mol

p. 4

p. 5

But, n(Cr2O7
2–)total originally in mixture  = 0.02511 mol L–1 × 0.100 L 

= 2.511 × 10–3 mol

n(Cr2O7
2–)reacted with ethanol  = 2.511 × 10–3 mol – 1.109 × 10–3 mol 

= 1.402 × 10–3 mol

n(CH3CH2OH) = 3
2
 × n(Cr2O7

2–)reacted with ethanol  = 3
2
 × 1.402 × 10–3 mol

 = 2.103 × 10–3 mol

This was in 1.00 mL; so, in in 100.0 mL:

n(CH3CH2OH) = 0.2103 mol

m(CH3CH2OH) = 0.2103 mol × 46.07 g mol–1 = 9.689 g

V(CH3CH2OH) = 9.689 g
0.7893 g mL–1 = 12.27 mL or 12.27% vol

Label states 13.5%. Accepted limits ± 1.5%; so, this is within the 
limits.

Question Three
a. Titration of Fe2+ and Cr2O7

2–:

 6Fe2+ + Cr2O7
2– + 14H+  6Fe3+ + 2Cr3+ + 7H2O

 M(K2Cr2O7) = 294.2 g mol–1, c(Cr2O7
2–) = 

2.5077 g

294.2 g mol–1

0.500 L
 = 0.017048 mol L–1

  From titration, n(Cr2O7
2–) = 0.01856 L × 0.017048 mol L–1 

= 3.1641 × 10–4 mol

  n(Fe2+) = 6 × n(Cr2O7
2–) = 0.001898 mol in 20.00 mL

  In 250 mL, n(Fe2+) = 0.023731 mol = n(Fe3+) in original sample

 n(Fe2O3) = 0.5 × n(Fe2+) = 0.011865 mol

  m(Fe2O3) = 0.011865 mol × 159.8 g mol–1 = 1.895 g and

 %Fe2O3 = 
1.895 g × 100

2.8351 g
 

= 66.88%

b.  The electrode potentials show that MnO4
– will oxidise Cl– to 

Cl2 (a hazardous gas), since the cell potential for this reaction 
is positive (E°cell = 1.51 – 1.40 = 0.11 V). It should be noted 
that this assumes standard conditions – but cell potential is 
concentration dependent, and no concentrations are being 
considered here.

  In contrast, the reaction would not occur between Cl– and 
Cr2O7

2– under standard conditions.

Question Four
Standard soln of KIO3

n(IO3
–) in 250 mL = 

0.5466 g

214.0 g mol–1
 = 2.554 × 10–3 mol and hence 

c(IO3
–) = 0.01022 mol L–1

First titration: Eqns 10I– + 12H+ + 2IO3
–  $ 6I2 + 6H2O

 I2 + 2S2O3
2–  $ 2I– + S4O6

2–

n(I2)produced  = 3 × n(IO3
–)  = 3 × 0.01022 mol L–1 × 0.0100 L 

 = 3.066 × 10–4 mol

n(S2O3
2–)  = 2 × n(I2)  = 6.132 × 10–4 mol 

p. 6

p. 7
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c(S2O3
2–) = 

6.132 × 10–4 mol

0.02548 L
  = 0.02407 mol L–1

Analysis of CO in air

 5CO + I2O5 $ I2 + 5CO2

n(S2O3
2–)  = 0.02407 mol L–1 × 0.01723 L = 4.147 × 10–4 mol

n(I2)  = ½ × n(S2O3
2–)  = 2.073 × 10–4 mol

n(CO) = 5 × n(I2)  = 1.037 × 10–3 mol

Volume = 23.20 L, hence c(CO) = 
1.037 × 10–3 mol

23.20 L
 

 = 4.470 × 10–5 mol L–1

 Or: conc CO in g L–1  = 4.470 × 10–5 mol L–1 × 28.00 g mol–1 

 = 1.251 × 10–3 g L–1 

Question Five
Let m(HCHO) = x and m(CH3CHO) = y;

thus x + y = 42.69 g  Eqn 1

Total mass of solution = 42.69 g + 76.59 g = 119.28 g

Eqn for reaction of aldehyde RCHO with Ag+ is:

 H2O + RCHO + 2Ag+ $ 2Ag + RCOOH + 2H+

n(Ag) = 
4.64 g

107.9 g mol–1
 = 0.0430 mol

From mole ratio in balanced eqn:

n(RCHO) = 
0.0430 mol

2
 = 0.0215 mol in the 2.18 g sample

Thus, the amount in the original 119.28 g of solution is:

0.0215 mol × 
119.28

2.18
 = 1.176 mol

Thus: 
x

30.03
 + 

y

44.05
 = 1.176 mol

 And 44.05x + 30.03y  = 1.176 × 30.03 × 44.05 

  = 1 555.6 Eqn 2

 Eqn 1 × 44.05 gives 44.05x + 44.05y  = 44.05 × 42.69 

  = 1 880.5 Eqn 3

Solving using eqns 2 and 3 gives:

y = m(CH3CHO) = 23.17 g, and x = m(HCHO) = 19.52 g

Chapter 2: Spectroscopic techniques 
AS 91388 (Chemistry 3.2)
Ch 2 Using spectra to solve organic 
problems

Question One
Compounds Q and R both have broad absorption peaks at about 
3200–3500 cm–1 in their IR spectra – showing the presence of 
an OH group in both compounds. Compound Q also has a 
sharp peak at about 1700 cm–1 – showing the presence of a C=O 
group. The C-13 NMR shows 4 peaks and therefore 4 carbon 
environments. This means Compound Q is 4-hydroxybutanal.

Compound R only has 2 carbon environments and no C=O group 
so is 1,4-butanediol – being a symmetrical molecule it has 4 C 
atoms but only 2 carbon environments.

Compound S also has 4 carbon environments and in the IR the 
sharp peak at about 1750 cm–1 shows the presence of a C=O 
bond. The peak at 180 ppm in C-13 NMR also shows presence of 
C=O bond. Compound S is 4-butyrolactone.

Question Two
Compound A has ratio C:(H + Cl) = 10:18, showing there are 
2 double bond equivalents (double bonds or rings). Compound A 
does not decolourise Br2, so no C=C double bonds.

p. 8

p. 11

p. 13

Total molar mass of C10H17O2Cl = 204 g mol–1 (assuming 35Cl).

Hydrolysis splits Compound A into 2 molecules.

Molecular ion peaks indicate Compound B molar mass 
M = 114 g mol–1, and Compound C M = 108 g mol–1. These 
hydrolysis products show original molecule was an ester. Products 
of hydrolysis are carboxylic acid and alcohol.

IR spectrum of Compound B shows it is a carboxylic acid – broad 
peak at 2500–3300 cm–1 due to O-H stretch, while the peak at 
about 1700 cm–1 shows presence of a carbonyl C=O group.

The only molecular formula that matches this information 
(114 – 32 for 2 oxygen atoms = 82) is C6H10O2, indicating 
2 double bond equivalents, a ring and the double bond C=O 
of a carboxylic acid group. In the 13C NMR, the peak at about 
183 ppm is the carboxylic acid carbon, leaving only 3 other 
carbon environments.

Compound B has a 5-membered ring and the structure is:

COH

O

Mass spec of Compound C (an alcohol) has peaks M and M+2 
in ratio 3:1, indicating presence of a Cl atom. The molar mass 
of 108 g mol–1 and presence of Cl and OH indicate formula is 
C4H9OCl (i.e. 108 –35 = 73 and 73 – 16 = 57). The molecule is 
saturated, and 13C NMR shows 4 different carbon environments. 
Reaction of Compound C with SOCl2 (substitution reaction of OH 
with Cl) gave Compound D with only 3 carbon environments, 
showing the presence of two CH2Cl groups. Structures follow.

Compound C:

ClCH2CHCH2OH

CH3

Compound D:

ClCH2CHCH2Cl

CH3

Compound A is:

COCH2CHCH2Cl

O CH3

Note the presence of a single chiral carbon.

Question Three
Compound B is 2-methylpropanoic acid – evidence being the 
OH and C=O peaks in the IR spectrum, only 3 peaks in the 13C 
spectrum – including one at 185 ppm, consistent with C=O, while 
that at 20 ppm will be the C of the two CH3 groups.

Only 3 carbon environments indicates branching in carbon 
chain. Peak at m/z = 43 in mass spec suports the (CH3)2CH+ 
fragment.

Compound C is propan-2-ol – evidence being the OH group in IR 
spectrum, only 2 carbon environments in 13C NMR and the fact 
that the molar mass is 60 g mol–1.

Hence, combining B and C, Compound A is  
isopropyl-2-methylpropanoate

H3C –CH3

CH3

H

C

O

C CO

H

CH3

This is supported by C=O peak in IR and the fact that there are 
only 5 carbon environments in 13C spectrum, one of which is 
C=O.

p. 15
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