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2
1 Thermometric titrations can be used to determine the standard enthalpy change of neutralisation.

The maximum temperature reached in a thermometric titration occurs at the point of neutralisation
between an acid and an alkali.

A diagram of the apparatus used is shown in Fig. 1.1.

\\
burette containing sodium hydroxide

stirrer =|=||] thermometer

polystyrene cup

25.00cm?3
hydrochloric acid

Fig. 1.1
A student uses the following method.
Step 1 Transfer 25.00 cm? of 1.00 moldm™ dilute hydrochloric acid, HCI(aq), to a polystyrene cup.

Step 2 Place a thermometer with 0.2°C divisions into the HCI(aq) in the polystyrene cup and
leave it for 3 minutes. Record the temperature.

Step 3 Add 5.00cm? aqueous sodium hydroxide, NaOH(aq), from a burette. Stir and record the
temperature of the solution in the polystyrene cup.

Step 4 Immediately add another 5.00cm3 of NaOH(aq). Stir and record the temperature of the
solution in the polystyrene cup.

Step 5 Repeat Step 4 until there is no further increase in temperature. Once the temperature
starts to decrease, repeat Step 4 three more times.

The student obtains the results shown in Table 1.1.
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Question 1 continues on the next page.
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(@ (i)

(ii)

(iii)

(iv)
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Table 1.1
volume of temperature
NaOH(aq) /°C

added/cm3
0.00 18.8
5.00 21.3
10.00 23.8
15.00 26.4
20.00 27.4
25.00 26.2
30.00 25.1
35.00 24.0
40.00 23.2

Plot a graph of temperature (y-axis) against volume of NaOH(aq) added (x-axis) on the
grid. Use a cross (x) to plot each data point.

Draw two straight lines of best fit. One for the rise in temperature and one for the fall in
temperature. Extrapolate the two lines so they intersect. [2]

Use your graph to determine the maximum temperature change of the mixture. Assume
the initial temperature of NaOH(aq) is 18.8 °C.

maximum temperature change of the mixture = .............................. °C [1]

Use your graph to determine the volume of NaOH(aq) needed to neutralise 25.00 cm3 of
1.00moldm=3 HC(aq).

volume of NaOH(aq) = ..ccoveveeeveceerene. cmd [1]

Use your answer to (iii) to calculate the concentration of NaOH(aq) in moldm™3.

concentration of NaOH(aq) = ......covvvvvivvivinnennnnnn. moldm™ [2]
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(v) Suggest why a titration using an indicator is more accurate than a thermometric titration.

..................................................................................................................................... [1]

(b) Suggest a suitable piece of apparatus for the transfer of 25.00cm3 of 1.00moldm=3 HCI(aq)
in Step 1.

............................................................................................................................................. [1]

(c) Determine the percentage error of the measured temperature increase when the first 5.00 cm?
of NaOH(aq) is added.

Show your working.

percentage error = .........cccccevvvnieneeenn. [1]

(d) The standard enthalpy change of neutralisation, AHS, .,

when one mole of H,0(l) forms from H*(aq) and OH~(aq).

is defined as the enthalpy change
In another experiment a student finds that 22.10cm?3 of 1.00 moldm=2 of NaOH(aq) increases
the temperature by 6.0 °C when added to 25.00 cm? of 1.00 moldm~3 of HCI(aq).
The equation for the reaction between HCI and NaOH is shown.

HCl(aq) + NaOH(aq) — NaCl(aq) + H,O()

Use the formula AH = —mcAT to determine the standard enthalpy change of neutralisation,
AHZ. . in kJmol'.

neut’

Assume the mass of 1.00 cm?3 of solution is 1.00g.

AHE. = e, kdmol-' [2]

neut —
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(e) The theoretical value for the standard enthalpy change of neutralisation in the reaction
between HCI(aq) and NaOH(aq) is -57.6 kJmol~".

Give one reason why the value you obtained in (d) differs from the theoretical value.

If you were unable to obtain an answer to (d), use —46.4kJmol~'. This is not the correct
answer.

(f) Suggest why the standard enthalpy change of neutralisation determined using ethanoic acid
is less exothermic than the standard enthalpy change using hydrochloric acid.

[Total: 14]
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2 Astudentinvestigates the rate of reaction when zinc reacts with dilute hydrochloric acid, HCl(aq).
Zn(s) + 2HCl(aq) — ZnCl,(aq) + H,(9)
The student uses the following method.
Step 1 Accurately weigh 1.00g of zinc foil.
Step 2 Add 50 cm?3 of 2.00 moldm=3 HCI(aq) to a conical flask.
Step 3 Add the zinc foil to the 50 cm? of HCI(aq) in the flask and immediately start a timer.
Step 4 Stop the timer when 20.0cm?3 of H,(g) has been collected.
Step 5 Repeat Steps 1 to 4 using lower concentrations of HCl(aq).

(@) Complete Fig. 2.1 to show the apparatus that the student can use to collect and measure the
volume of hydrogen produced. Label your diagram.

Fig. 2.1
[3]
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(b) The student wants to perform a similar experiment using 0.100 moldm=3 HCi(aq).

Describe how the student should make a standard solution of 250.0cm?3 of 0.100 moldm=3
HCI(aq) starting from a solution of 2.00 moldm= HCi(aq).

Give the name and size of any key apparatus which should be used and describe how the
student should ensure the volume is exactly 250.0 cm3.

Write your answer using a series of numbered steps.

(c¢) The student carries out further experiments using higher concentrations of HCl(aq).

(i) The student wears chemically resistant gloves when using 6.00moldm=3 HCIi(aq).
Suggest why.

(ii) The student obtains the results shown in Table 2.1.

Table 2.1
concentration of HC1 | i™e (@) takgn to collect 1t
-3 20cm® of H "
/moldm 2 /s
/s
2.00 15.62
3.00 10.41
4.00 7.81
5.00 6.25
6.00 524

In these experiments 1/t can be considered to be proportional to the initial rate of reaction.

Complete the table by calculating 1/t for each concentration.
Give your answers to three significant figures. [1]
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(iii) Use your data from Table 2.1 to produce a sketch graph of 1/t against concentration in
Fig. 2.2.
It is not necessary to include a scale on the axes.
Label the sketched line ‘A’.

A

1/t

concentration
Fig. 2.2 [1]
(iv) On Fig. 2.2 sketch a second line to show the graph of concentration against 1/t if
powdered zinc is used in the experiment instead of zinc foil.

Label this line ‘B’. [1]

(v) Using your data in Table 2.1, deduce the rate equation for the reaction between Zn(s)
and HCl(aq).

rate =

[1]

(d) At higher concentrations than those shown in Table 2.1, significant temperature increases
occur.

(i) Suggest how line ‘A’ in Fig. 2.2 would be different at these higher concentrations. Explain
your answer.

© UCLES 2023 9701/52/0/N/23
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(e) The zinc foil has an oxide layer.

(i) Suggest how the oxide layer can be removed before weighing the zinc foil.

(ii) If the student does not remove the oxide layer, the initial rate of reaction is lower than it

should be.
Explain why the initial rate of reaction is lower than it should be.

[Total: 16]

Important values, constants and standards

molar gas constant R =8.31JK"mol™"

Faraday constant F =9.65 x 10*Cmol™"

Avogadro constant L =6.022 x 1023 mol~?

electronic charge e=-1.60x 1071°C

molar volume of gas V. =22.4dm3>mol~" at s.t.p. (101kPa and 273K)
V. =24.0dm*mol~"! at room conditions

ionic product of water K, = 1.00 x 10~ mol2dm (at 298K (25°C))

specific heat capacity of water | ¢ =4.18kJkg~'K~" (4.18Jg7'K™")
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