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1 Solid X is a mixture of three salts, potassium chloride, KCL, sodium chloride, NaCl, and
sodium nitrate, NaNO;, only.

The mass of each substance in X is investigated by two experiments. In each experiment,

a different ion is precipitated out of an aqueous solution of X. The mass of each precipitate
is measured.

(a) A student weighs a sample bottle containing X and transfers X into a small beaker.
The student reweighs the sample bottle.
The measurements are shown in Table 1.1.

Table 1.1
mass of sample bottle and X/g 7.235
mass of sample bottle after transfer/g 6.035
mass of X transferred to small beaker/g

Complete Table 1.1 to determine the mass of X in the small beaker. [1]

(b) (i) Calculate the percentage error in the measurement of the mass of the sample bottle
and X shown in Table 1.1.

Show your working.

PErCEeNtage EITOI = .....iiiiiiiiiiiiiiiie et % [1]

(ii) Without changing any apparatus, suggest how the percentage error calculated in 1(b)(i)
can be reduced.

(c) Describe the steps the student should take to prepare 250.0cm? of an aqueous solution of
X, starting from the mass of X calculated in 1(a) supplied in the small beaker.

Give the name and capacity of any apparatus used.
Write your answer using a series of numbered steps.

© Cambridge University Press & Assessment 2026 9701/52/F/M/26



3

(d) Aqueous sodium tetraphenylborate, NaB(CgH;),(aq), reacts with aqueous potassium ions to
form a precipitate.

The ionic equation for this reaction is shown.
B(CgHs),(aq) + K*(aq) — KB(CgH;),(s)
KB(CgH5)4(s) is an irritant.

Figure 1.1 shows a Gooch crucible with a porous glass disc. The porous glass disc acts as a
fine filter to separate the precipitate from the aqueous reaction mixture.

porous
glass disc

Gooch crucible

Figure 1.1
The solution formed from solid X in 1(c) is labelled solution X.
In the first experiment, the student carries out the following steps.
step1  Transfer 25.0cm? of solution X to a 250 cm?3 conical flask labelled D.

step2 Use a measuring cylinder to add approximately 40 cm? of 0.0180 moldm™3
NaB(CgH5),(aq) to conical flask D. Stir slowly as the precipitate forms.

Leave conical flask D in an ice bath for 20 minutes.
step 3  Place a clean Gooch crucible in an oven at 120 °C.

step4 After 20 minutes, remove the Gooch crucible from the oven, allow to cool and
record its mass.

step 5 Pour the mixture from conical flask D into the Gooch crucible and filter.
step 6 Wash the residue in the Gooch crucible.

step 7 Transfer the Gooch crucible and residue to the oven and leave for one hour
at 120°C.

step8 Remove the Gooch crucible from the oven and allow to cool. Record
the mass of the Gooch crucible and the residue.
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4

Other than wearing safety goggles, give one safety precaution that the student must
take when handling KB(CgH;),(s).

Suggest why the volume of NaB(C4H;),(aq) does not need to be measured accurately
in step 2.

..................................................................................................................................... [1]
Suggest one reason why conical flask D is kept cool in an ice bath in step 2.
..................................................................................................................................... [1]
Suggest one reason why the Gooch crucible is placed in an oven at 120°C in step 3.
..................................................................................................................................... [1]
The mass of residue is 0.3579g.
Calculate the amount, in mol, of potassium ions, K*, in solid X in the small beaker
in 1(a).
[M.: KB(CgH5),, 357.9]

amount of K in solid X = ......ccoiiiiiiieeeceeceeee e mol [1]
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(vii) Use your answer to 1(d)(vi) to determine the mass of KCl in solid X.

mass of KCLin sOlid X = ..o g [1]

(e) Adqueous silver nitrate, AQNO;(aq), reacts with aqueous chloride ions, Cl™(aq), to form a
precipitate of silver chloride, AgCL(s).

The ionic equation for this reaction is shown.
Ag*(aq) + Cl™(aq) — AgCl(s)

In a second experiment, the student repeats steps 1 to 8 using aqueous silver nitrate,
AgNO;(aq), instead of NaB(CgH;),(aq).

The mass of AgCl(s) recorded in step 8 is 0.2151g.

The amount, n, in mol, of NaCl in solid X can be calculated using equation 1.
equation 1 n=Q — amount, in mol, of K* in solid X in 1(d)(vi)

Q is the amount, in mol, of AgCl(s) produced when all the Cl=(aq) ions in 250 cm? of

solution X react with AgNO,(aq).

(i) Calculate Q.

(ii) Use equation 1 to calculate the mass, in g, of NaCl in solid X.

[If you were unable to obtain an answer to 1(e)(i), use Q = 0.014mol. This is not the
correct answer.]

mass of NaClin solid X = ... g [1]

(iii) Calculate the mass of NaNO; in solid X using your answers to 1(d)(vii), 1(e)(ii) and the
information given.

mass of NaNO; insolid X = ..., g [1]
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(f) Complete Table 1.2 to show the effect, if any, on the calculated masses of KCl and NaCl if
the residue of KB(C4H;), was not washed in step 6 of the first experiment.

Use the words higher, lower or no effect in your answer.

Table 1.2

effect on calculated mass of KCL in 1(d)(vii)

effect on calculated mass of NaCl in 1(e)(ii)

[1]

(g) Another student repeated the first experiment but heated the Gooch crucible to 320°C in
step 7.

Suggest why the mass of precipitate collected by this student was significantly lower than
the mass of precipitate collected by the first student.

[Total: 18]
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2 Blood plasma contains a number of different cations. Many of these cations emit a different
colour of light when placed in a flame.

Flame emission photometry is a method of determining the concentration of cations in a sample
using the intensity of light emitted.

In an experiment, a sample of blood plasma is placed into a colourless flame. K* ions in the
blood plasma absorb energy from the flame and emit light with a lilac colour. The intensity of the
light emitted is measured.

To determine the concentration of K* ions in the sample, a calibration graph showing the
relationship between known concentration of K* ions and light intensity is required.

(a) A solution of potassium chloride, KCl(aq), is prepared.
The concentration of aqueous potassium ions, K*, in this solution is 0.100gdm3.

Different volumes of the solution of KCl(aq) are taken and diluted by adding specific
volumes of distilled water to prepare solutions of specific concentrations.

Each prepared solution of known [K*(aq)] is tested using flame emission photometry.

Table 2.1 shows the relative light intensity measured for each prepared solution.

Table 2.1
volume of volume of distilled [K*(aqg)] relative
KCl(aq)/cm? water added/cm? /gdm3 light intensity
0.00 50.00 0.00 x 1073 0.0
0.50 1.00 x 1073 2.1
1.00 2.00 x 1073 4.2
1.50 3.00 x 1073 6.7
2.00 4.00 x 1073 8.8
2.50 5.00 x 1073 11.0
3.00 6.00 x 1073 11.2
3.50 7.00 x 1073 15.7
4.00 8.00 x 1073 171
4.50 9.00 x 1073 17.1
5.00 10.00 x 103 17.1

(i) Complete Table 2.1 to show the volume of distilled water added to make each prepared
solution of known [K*(aq)]. [1]

(ii) Identify a suitable piece of apparatus for adding the distilled water.

(iii) ldentify the dependent variable in this experiment.
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(iv) Plot a calibration graph on the grid in Figure 2.1 to show the relationship between
[K*(aq)] and relative light intensity.

Use a cross (%) to plot each data point.

Draw one line of best fit for [K*(aq)] from 0.00 x 103 to 7.00 x 10-3gdm3.
Draw a second line of best fit for [K*(aq)] from 8.00 x 1073 to
10.00 x 103gdm=3. Extend both lines so they meet.

18

16

14

12

10

relative
light intensity

0.00 2.00 4.00 6.00 8.00 10.00 12.00
[K*(aq)]/103gdm3
Figure 2.1 [2]
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(v) Describe how the graph shows that [K*(aq)] from 0.00 x 1073 to 7.00 x 103gdm=3 is
directly proportional to relative light intensity.

..................................................................................................................................... [1]
(vi) Circle the most anomalous point on your graph in Figure 2.1. Suggest one reason to

explain the anomalous point you have circled.

..................................................................................................................................... [1]
(b) (i) A sample of blood plasma is diluted 100 times and tested using flame emission

photometry. The relative light intensity recorded is 3.8.

Use your graph in Figure 2.1 to determine the [K*(aq)], in gdm=3, in the sample.

[K*(aq)] in diluted blood plasma = ..........ccccceeveeeeeeeeieceeeee e gdm=3 [1]

(i) The healthy range for [K*(aq)] in blood plasma is between 0.100 and 0.200g dm™3.

State whether the sample of blood plasma tested in 2(b)(i) is within the healthy range,
too high or too low. Explain your answer.

..................................................................................................................................... [1]
(iii) When testing samples of blood plasma, a coloured light filter needs to be used which
only allows lilac-coloured light emitted from the sample to reach the detector.
Suggest why this coloured light filter is needed when testing blood plasma but is not
necessary when testing KCl(aq).
..................................................................................................................................... [1]
(c) Explain why flame emission photometry is not suitable for measuring [K*(aq)] at
8.00 x 103 gdm=3 and above.
............................................................................................................................................. [1]
(d) State whether the data used for the calibration graph in Figure 2.1 is reliable.
Explain your answer.
............................................................................................................................................. [1]

[Total: 12]
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Important values, constants and standards

molar gas constant R=8.31JK"mol™"

Faraday constant F=9.65x 10*Cmol™"

Avogadro constant L =6.022 x 1023 mol~’

electronic charge e=-1.60x10"1°C

molar volume of gas V. =22.4dm3mol~! at s.t.p. (101kPa and 273K)
V. =24.0dm3mol~" at room conditions

ionic product of water K, = 1.00 x 10~*mol?dm= (at 298K (25°C))

specific heat capacity of water c=4.18kJkg 'K (4.18Jg K
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