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Q1.

A student devised an experiment to investigate the enthalpies of combustion of some alcohols. The
student chose the following series of primary alcohols.

Name Formula
Methanol CH;OH
Ethanol CH3;CH,OH
Propan-1-ol CH;CH,CH,OH
Butan-1-ol CH3;CH,CH,CH,OH
Pentan-1-ol CH;CH,CH,CH,CH,OH
Alcohol X CH;CH,CH,CH,CH,CH,OH
Heptan-1-ol CH;CH,CH,CH,CH,CH,CH,OH

@ () Name alcohol X.

(1)

(i)  State the general name of the type of series shown by these primary alcohols.

1)

(i)  Draw the displayed formula of the position isomer of butan-1-ol.

(1)

(iv) Using [O] to represent the oxidising agent, write an equation for the oxidation of
butan-1-ol to form an aldehyde.

1)

(v) Draw the displayed formula of a functional group isomer of this aldehyde.
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(1)

(b)  The student carried out a laboratory experiment to determine the enthalpy change when a

sample of butan-1-ol was burned.
The student found that the temperature of 175 g of water increased by 8.0 °C when 5.00 x 107

mol of pure butan-1-ol was burned in air and the heat produced was used to warm the water.

Use the student’s results to calculate a value, in kJ mol™, for the enthalpy change when one

mole of butan-1-ol is burned.
(The specific heat capacity of water is 4.18 J K™ g™)

®3)

() () Give the meaning of the term standard enthalpy of combustion.

®3)

(i)  Use the standard enthalpy of formation data from the table and the equation for the
combustion of butan-1-ol to calculate a value for the standard enthalpy of combustion of

butan-1-ol.

CH3CH,CH,CH,OH(l) 02(9) CO,(9) H.O(l)

AHe / kI mol™ =327 0 -394 —286
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®3)

(d) The student repeated the experiment described in part (b) and obtained an experimental value
for the enthalpy of combustion for each alcohol in this series.
These experimental values were then compared with calculated values from standard
enthalpies of formation, as shown in the graph below.

Enthalpies of combustion values
for a series of primary alcohols
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M, of alcohol
0] In terms of bonds broken and bonds formed, explain why the calculated values of

enthalpies of combustion of these alcohols, when plotted against M,, follow a straight

line.

(2)
(i)  Give two reasons why the experimental values obtained by the student are lower than

the calculated values using the enthalpy of formation data.

2)
(Total 18 marks)
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