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Oxidation-reduction titrations
In a titration, a solution of accurately known concentration (the standard solution) is reacted with a 
solution of unknown concentration. One of the solutions will have a volume measured accurately using 
a pipette, and this solution will be placed in a conical flask. The second solution will be added from a 
burette, which also accurately measures volume. The equivalence point is reached when the reductant is 
completely oxidised by the oxidant. Acid is often added to the flask as a reactant or as a catalyst to speed 
up the reaction; it is also possible to heat the contents to speed up the reaction rate.

Sometimes, an indicator is used to help the identification of the equivalence point. In this case, the 
indicator will be one that has distinctly different colours in the presence of the oxidised or reduced forms. 
Starch can be used as an indicator in titrations involving iodine.

The primary standard must be a compound that is pure and stable to the atmosphere. Concentration can be 
expressed in grams per litre, g L–1 or % m/V – mass of solute in 100 mL of solution or moles per litre, mol L–1

Steps in titration calculations

Step 1 – Write a balanced 
equation for the redox 
reaction

Step 2 – Calculate amount 
of standard solution used 
in the titration

Step 3 – Using molar ratio 
in the balanced equation, 
calculate amount in moles 
of unknown used in the 
titration

Step 4 – Use calculated 
amount of unknown 
and measured volume 
(expressed in litres) to 
determine concentration of 
unknown

Examples

In a titration, it was found that an average of 18.55 mL of KMnO4(aq)  was 
required to reach the endpoint of a titration with a standard aqueous solution 
of oxalic acid. The concentration of the oxalic acid solution was known 
to be 0.0150 mol L−1. The volume of oxalic acid used was 25.0 mL. The 
concentration of the KMnO4 solution is determined as follows.

2MnO4
−  +  5H2C2O4  +  6H+ $ 2Mn2+  +  10CO2  +  8H2O

 n(H2C2O4) = c(H2C2O4) × V(H2C2O4)  Oxalic acid is the standard solution. 

  = 0.0150 mol L−1 × 0.0250 L  = 3.75 × 10−4 mol 

 Keep 3 significant figures – not 3 decimal places – throughout calculations. 

Ratio MnO4
− : H2C2O4  = 2 : 5  MnO4

− is the unknown. 

 n(MnO4
−) = 2/5  × n(H2C2O4) = 2/5  × 3.75 × 10−4

  = 1.50 × 10−4 mol

 c (MnO4
−) = n(MnO4

–)

V(MnO4
–)

 =  1.50 × 10–4 mol

0.0186 L

  = 8.06 × 10−3 mol L−1 (3 sf)
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Questions: Quantitative analysis

Question One
The soil in New Zealand is low in iodine, and hence food grown in New Zealand will have low levels of 
iodine. A diet deficient in iodine can lead to health issues such as goitre, and impaired physical and mental 
development. To increase iodine in the diet, it can be added to salt using potassium iodate, KIO3.

The Australia New Zealand Food Standards Code requires iodised salt to contain ‘equivalent to no less than 
25 mg/kg of iodine; and no more than 65 mg/kg of iodine’. 

The amount of iodine present in a sample of iodised salt can be determined by titration against a standard 
solution of sodium thiosulfate, Na2S2O3. The iodate is converted to iodine and the resulting solution is used 
in the titration. Iodine is sparingly soluble in water but, in the presence of iodide ions forms the soluble  
tri-iodide ion.

 I2(s) + I–(aq)  I3
–(aq)

Method for analysis of iodate ions in salt 

A 50.00 g sample of iodised salt is added to a 250.0 mL volumetric flask and is made up to the mark with 
distilled water. The mixture is shaken until the salt has completely dissolved. 

A 50.00 mL sample of the iodised salt solution is placed in a conical flask, and mixed with 5 mL of 1 mol L–1 
HCl solution, and 5 mL of 0.6 mol L–1 KI solution. The solution changes to a brown colour indicating the 
formation of I2.

 IO3
– + 5I– + 6H+ → 3I2 + 3H2O

A fresh solution of sodium thiosulfate, Na2S2O3(aq), is prepared by placing 2.456 g of solid Na2S2O3∙5H2O 
into a 100.0 mL volumetric  ask and making it up to the mark with distilled water. This solution is then 
diluted by taking a 5.000 mL sample and diluting it to 250.0 mL in a volumetric flask.

The solution in the conical flask is titrated against the sodium thiosulfate solution using starch solution as an 
indicator. The reaction for the titration is:

 I2 + 2S2O3
2– → 2I– + S4O6

2–

Calculate the lower limit for the titre values (burette readings) for the given sodium thiosulfate solution 
when the procedure described above is used to determine whether a sample of iodised salt meets the 
standards quoted.

 M(Na2S2O3∙5H2O) = 248.2 g mol–1   M(KIO3) = 214.0 g mol–1   M(I) = 126.9 g mol–1 

 Year 2018 
Ans. p. 115
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resonance; however, the more electronegative 
the atom to which the carbon is attached, the less 
shielding there is. For example, the C of a carbonyl, 
C=O, group has little shielding and is on the 
downfield (left side) of the spectrum, while the C 
of a methyl, CH3, group is more strongly shielded 
and is on the upfield (right) side of the spectrum. 
The difference between the position of absorbance 
of the nuclei compared with that of a reference 
(usually tetramethylsilane, Si(CH3)4, referred to 
as TMS) is referred to as the chemical shift, δ, 
and is given in units of ppm. The shift of TMS is 
0 ppm. Characteristic values for different carbon 
environments follow.

Characteristic shifts in 13C NMR spectra

Carbon environment Chemical shift (ppm)

C=O (in ketones) 205–220

C=O (in aldehydes) 190–200

C=O (in acids and esters) 170–185

C=C (in alkenes) 115–140

RCO2CH2R
’ (esters) 60–80

RCH2OH 50–65

RCH2Cl 40–45

RCH2Br 30–40

RCH2NH2 37–45

R3CH 25–35

CH3CO– 20–30

R2CH2 16–25

RCH3 10–15

Mass spectrometry involves the ionisation of gas-phase particles to produce species carrying a positive 
charge – e.g. M+, the molecular ion. The mass of the molecular ion will give the molar mass of the 
molecule. The M+ ion can also be broken into fragments – those carrying a positive charge will be deflected 
by a magnetic field, while uncharged radical fragments will not. Following acceleration and deflection by 
a magnetic field, the relative abundance of the different ions is detected and a mass spectrum produced. 
This spectrum shows abundance plotted against the mass to charge (i.e. m/z) ratio. The more stable the 
ion, the more likely it is to form and appear in the spectrum – e.g. tertiary carbocations will have a higher 
abundance than primary carbocations. The peak with the highest abundance is referred to as the base peak.

In considering a mass spectrum, it is important to look at both the positions of peaks and also the 
differences between the m/z values of the major peaks. These differences show the mass of fragments 
broken off. The presence of either chlorine or bromine can be identified by the presence of both M+ and 
(M + 2)+ peaks due to the presence of isotopes – in the case of chlorine, 35Cl and 37Cl are present in a 3:1 
ratio; whereas for bromine, 79Br and 81Br are present in a 1:1 ratio. Some common mass fragments follow.

Fragments in mass spectra

Relative mass Molecular ion, M+

15 CH3
+

17 OH+

28 CO+

29 CH3CH2
+ or CHO+

31 CH3O
+ or CH2OH+

43 C3H7
+

45 COOH+
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Questions: Using spectra to solve organic problems

Question One
Compound A has the molecular formula C10H17O2Cl and has one chiral centre. Compound A does not 
decolourise bromine water. When Compound A is reacted with dilute acid solution, two products, 
Compound B and Compound C, are formed.

Compound B does not have a chiral centre. When subjected to mass spectrometry, it is found to have a 
molecular ion peak at m/z = 114.

Compound C, when subjected to mass spectrometry, is found to have a molecular ion peak at m/z = 108. 
There is also a M+2 peak present, and the ratio of the heights of the M and M+2 peaks is 3:1.

When Compound C is treated with thionyl chloride, SOCl2, Compound D is produced.
13C NMR Spectrum for Compound A is shown. 
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13C NMR Spectrum for Compound B is shown. 
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IR Spectrum for Compound B follows.
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Ionisation energy
The first ionisation energy is the energy required to remove the least tightly held electron from each atom 
in one mole of gaseous atoms in their ground state (e.g. Na(g)  $  Na+(g)  +  1e−).

The second and third ionisation energies are the energies needed to remove the second and third electrons, 
respectively. Ionisation energies are all positive values, as the breaking of the electrostatic attraction 
between a valence electron and the nucleus must be an endothermic process.

• Across a period there is an increase in ionisation energy due to the increase in electrostatic attraction 
between the nucleus and the valence electron – there is an increase in nuclear charge, but electrons are 
added into the same energy level with no additional shielding.

• Down a group ionisation energy decreases due to the decrease in electrostatic attraction between 
nucleus and valence electron – although there is an increase in nuclear charge, electrons are being 
added to higher energy levels further from the nucleus with additional shielding from inner shells of 
electrons.

Electronegativity
The electronegativity of an element is a measure of the ability of an atom to attract towards itself the 
electrons shared in a chemical bond.

Electronegativity values show the same trends as 1st ionisation energies.

Example

Fluorine, which has a high ionisation energy, also has a high electronegativity. It is the most 
electronegative element due to its relatively small radius and high nuclear charge.

In contrast to metals, the reactivity of non-metals increases up a group – the greater electronegativity values 
reflect the greater attraction for electrons required to gain a complete energy level.

Elements of Group 18 are not given electronegativity values, as they do not tend to form bonds with other 
elements.

When atoms of elements with widely different electronegativities react together, they tend to form ionic 
bonds with each other, since the atom of the less electronegative element gives up its electron(s) to the 
atom of the more electronegative element. When atoms of elements with more similar electronegativities 
react together, they tend to form covalent bonds. The greater the difference in electronegativity, the 
more polar the covalent bond, and the atom which has the greater electronegativity will form the slightly 
negative end of the polar bond.
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Question Three
a. Draw all potential 3-dimensional structures for the IF2O2

– ion.

b.  In VSEPR theory, it is observed that a bond from the central atom to an atom of lower electronegativity 
occupies more space than the bond from the central atom to an atom of higher electronegativity. 
Double bonds have greater electron density and, thus, greater repulsion than single bonds.

 Justify the most probable positional arrangement of atoms in the IF2O2
– ion.

 Year 2021 
Ans. p. 118
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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

SCHOLARSHIP 
CHEMISTRY
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Question Three
a. i. Use the following information to solve the molecular formula for Compound X.

  •  Elemental analysis of Compound X determined that it contained only the elements carbon, 
hydrogen, and oxygen.

  •  Mass spectrometry produced a molecular ion (M+) peak at 90 m/z for Compound X.

  •  Complete combustion of 4.388 g of Compound X produced 8.591 g of CO2 and 4.410 g of 
H2O.

 ii. Compound X was produced following reaction of Compound W with H+/MnO4
–.

  Draw all possible structures for Compounds X and W.

  You do not need to name any of the structures.

 Year 2021 
Ans. p. 123
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Oxidation-reduction equations
Redox equations can be balanced by first separating into 2 half-reactions, one involving the oxidant and the 
other involving the reductant.

Examples

 H2O  +   SO3
2– $ SO4

2–   +   2H+  +  2e–

The S atom increases in oxidation number from +4 to +6, equivalent to a loss of 2 electrons.

 Cr2O7
2–   +   14H+   +   6e–  $ 2Cr3+   +   7H2O

There are two chromium atoms and each one decreases in oxidation number from +6 to +3, 
equivalent to a gain of 6 electrons.

In acidic solution, the balanced equation is completed using the following steps:

• balancing the element being oxidised or reduced

• balancing the O atoms by adding water

• balancing the H atoms by adding H+

• balancing the charge by adding electrons, e–

• multiplying through each half-equation so that the number of electrons is the same in both, then 
combining the two half-equations to give the overall balanced equation for the reaction.

In basic solution, the H atoms are not balanced by adding H+. If an equation needs, say, 5 H atoms on the 
product side, then add 5H2O to the product side and 5OH– to the reactant side. 

In the balanced half-equations, the number of electrons added to balance the equation is the same as the 
change in oxidation number of the oxidant or reductant species.

SCHOLARSHIP 
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Question Three
Solid sodium thiosulfate, Na2S2O3, can react with both dilute hydrochloric acid, HCl(aq), and concentrated 
nitric acid, HNO3(conc).

When it is reacted with dilute hydrochloric acid, HCl(aq), colourless sulfur dioxide gas, SO2(g), is released 
from the mixture, and a yellow solid is slowly formed in the solution.

When it is reacted with concentrated nitric acid, HNO3(conc), brown nitrogen dioxide gas, NO2(g), is 
released from the mixture and the same yellow solid is again observed in the solution. This second solution 
additionally tests positive for the presence of sulfate ions, SO4

2–(aq).

Account for the oxidation and reduction processes occurring in the reactions with HCl(aq) and HNO3(conc).

You should write balanced equations, and use changes in oxidation numbers to justify the oxidant(s) and 
reductant(s) in the reactions.

 Year 2021 
Ans. p. 131
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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

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

= 2.511 × 10–3 mol

p. 4

p. 5

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

c(Na2CO3) = 

     1.473 g      
106.0 g mol–1

0.0250 L
 = 0.05558 mol L–1

Titration involved reaction between Na2CO3 and HCl/chalk 
solution – i.e. reaction between Na2CO3 and any unreacted HCl:

Na2CO3 + 2HCl → 2NaCl + CO2 + H2O

Average of concordant titres (2, 3 and 5) is 
25.60 + 25.88 + 25.76

3
 = 25.75 mL.

For each titration:

n(Na2CO3) = 0.05558 mol L–1 × 0.02500 L = 1.3895 × 10–3 mol

At equivalence n(HCl) = 2 × 1.3895 × 10–3 mol = 2.779 × 10–3 mol 
in 25.75 mL 

Thus n(HCl) in 250.0 mL = 2.779 × 10–3 mol × 250.0 mL
25.75 mL

  
= 0.02698 mol 

And n(HCl) remaining in original 100 mL after reaction with 
CaCO3 = 0.02698 mol

The original total n(HCl) in 100.0 mL = 0.1060 mol

So, n(HCl) reacted with the chalk = 0.1060 – 0.02698 mol  
= 0.07902 mol

n(CaCO3) = 0.07902 mol
2

 = 0.03951 mol

m(CaCO3) = 0.03951 mol × 100.1 g mol–1 = 3.955 g

%CaCO3 = 3.955
4.017

 × 100 = 98.45%

Note: An alternative method for arriving at the total amount 
of CaCO3 in 25.75 mL of the solution is to use the fact that the 
amount of protons accepted must equal the amount of protons 
donated. For each titration:

n(HCl) = 2 × n(Na2CO3) + 2 × n(CaCO3)

n(Na2CO3) = 0.05558 mol L–1 × 0.02500 L = 1.3895 × 10–3 mol

n(HCl) put in = 0.1060 mol × 25.75
250

 = 0.010918 mol

Substituting into the relationship above:

0.010918 mol = 2 × 0.001389622642 + 2 × n(CaCO3)

n(CaCO3) = 0.004069 mol in 25.75 mL solution

n(CaCO3) = 0.0395085 mol in 250 mL solution

p. 6

Answers and explanations



Question Four
a.  The concentration of MnO4

– is determined by titration with 
the standard solution of Na2C2O4.

 n(Na2C2O4) = 1.756 g
134.0 g mol–1  = 0.01310 mol

 c(Na2C2O4) = 0.01310 mol
0.2500 L

 = 0.05242 mol L–1

 From first titration: 

 n(C2O4
2–) = 0.05242 mol L–1 × 0.02500 L = 1.3105 × 10–3 mol

 n(MnO4
–) = 0.4 × n(C2O4

2–) = 5.242 × 10–4 mol

 c(MnO4
–) = 5.242 × 10–4 mol

0.01785 L
 = 0.02937 mol L–1

 From second titration:

 n(MnO4
–) = 0.02937 mol L–1 × 0.01343 L = 3.944 × 10–4 mol

 n(H2O2) = 2.5 × n(MnO4
–) = 9.860 × 10–4 mol

 c(H2O2) in the diluted solution 

  = 9.860 × 10–4 mol
0.01000 L

 = 0.09860 mol L–1

 c(H2O2) in the original solution 

  = 10 × 0.09860 mol L–1 = 0.9860 mol L–1

 mass H2O2 per 100 mL 

  = 0.9860 mol L–1 × 0.1 × 34.01 g mol–1 = 3.353 g

  Original had 6.00 g H2O2 per 100 mL, which means  
(6.000 – 3.352) = 2.649 g has dissociated. 

 This is 2.648
6.00

 × 100 = 44.15%.

Question Five
Expt 1

In the titration:

n(MnO4
–) added = 0.02960 mol L–1 × 0.1893 L

 = 5.603 × 10–4 mol

From the balanced equation: 
n(MnO4

–)/2 = n(C2O4
2–) /5

n(C2O4
2–) in 20 mL sample = 5.603 × 10–4 mol × 5/2

 = 1.401 × 10–3 mol

m(H2C2O4) in 20.00 mL sample = 1.401 × 10–3 mol × 90.0 g mol–1

 = 0.1261 g

Taking into account the dilution:

m(H2C2O4) in original 100.0 mL sample = 0.1261 g × 200
20.0

 × 100
20.0

 = 6.305 g

Expt 2

Acid/base titration

(H2C2O4) + 2 OH–  →   2H2O + Na2C2O4

Using 20 mL of the 200 mL diluted sample

n(OH–) added = 0.4790 mol L–1 × 0.01332 L

 = 6.3803 × 10–3 mol

n(OH–) consumed by (H2C2O4) = 2 × n(H2C2O4)

 = 2 × 1.401 × 10–3 mol

 = 2.802 × 10–3 mol

n(CH3CO2H) in 20.00 mL =  n(NaOH) total – n(NaOH) consumed 
by H2C2O4

n(CH3COOH) in 20.00 mL = 6.3803 × 10–3 – 2.802 × 10–3

 = 3.578 × 10–3 mol

m(CH3COOH) in 20.00 mL = 3.578 × 10–3 mol × 60.0 g mol–1

 = 0.2147 g

In original 100.0 mL the m(CH3COOH) = 0.2147 g × 200
20.0

 × 100
20.0

 = 10.74 g

p. 7

p. 8

Expt 3

A 10.00 mL sample is taken, all liquids (including CH3COOH) are 
evaporated, and remaining solids are H2C2O4 and NaCl

m(H2C2O4) = 6.305 g /10 = 0.6305 g

m(NaCl) = (2.130 – 0.6305) g

 = 1.4995 g in 10.00 mL sample

m(NaCl) in original 100.0 mL sample is 14.995 g or 15.00 g (4sf)

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

Question One
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.

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 the 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 Two
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.
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