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Solid mixture X contains only anhydrous calcium chloride, CaCl,, and anhydrous calcium nitrate,
Ca(NO;),. An experiment is done to find the percentage by mass of Ca(NO;), in the mixture.

step1 Weigh an empty crucible. Add approximately 5g of mixture X to the crucible.
step 2 Reweigh the crucible with mixture X.

step 3 Heat the crucible gently for one minute and then strongly for four minutes. The calcium
nitrate decomposes.

2Ca(NO;),(s) — 2Ca0(s) + 4NO,(g) + O,(9)
step 4 Allow the crucible to cool. Reweigh the crucible and contents.

(a) ldentify the piece of apparatus that should be used to support the crucible during heating in

step 3.
............................................................................................................................................. [1]
(b) Suggest why heating is gentle at first in step 3
............................................................................................................................................. [1]
(c) Give one reason why the heating should be done in a fume hood
............................................................................................................................................. [1]
(d) The student carries out the experiment and obtains the results shown in Table 1.1.
Table 1.1
mass/g
mass of crucible 12.74
mass of crucible + contents before heating 17.81
mass of crucible + contents after heating 16.53
(i) Use the data from Table 1.1 to calculate the amount, in mol, of NO,, gas lost
during heating.
amount of NO, lost = ..., mol [2]
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(ii) Calculate the percentage error in the measurement of the mass of the
crucible + contents before heating.

Show your working.

percentage error = ... % [1]

(iii) Other than changing the apparatus, suggest how the percentage error in 1(d)(ii) can
be reduced.

(e) The experiment is repeated using 4.98g of mixture X. In this experiment, 0.0223 mol of NO,,
gas is lost during heating.

Calculate the percentage by mass of Ca(NO,), in this sample of mixture X.

[M,: Ca(NO,),, 164.1]

percentage by mass of Ca(NOy3), = oo % [2]

(f) (i) Suggest one additional step that should be done to ensure that the Ca(NO,), has
completely thermally decomposed.

..................................................................................................................................... [1]
(i) State the effect on the percentage by mass of Ca(NO,), calculated in 1(e) if the
Ca(NO,), is not completely thermally decomposed. Explain your answer.
..................................................................................................................................... [1]
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(9) Astudent wants to collect the NO, gas produced by the thermal decomposition of a sample
of mixture X by cooling the gas mixture produced until the NO, condenses and the oxygen

does not.
Table 1.2
melting point/°C boiling point/°C
nitrogen dioxide -1 21
oxygen -219 -183

Complete Figure 1.1 to show a labelled diagram of the laboratory apparatus that could be

used to prepare liquid NO,, from mixture X.

hard-glass test-tube

mixture X

heat

Figure 1.1
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Ozone, O4(g), is a pollutant at ground level. Some experiments are done to determine the
concentration of O5(g) in the air outside a school at different times of day.

The method involves bubbling a sample of air through a solution of acidified iodide ions, I7(aq).
Any O,4(g) in the sample of air reacts to form triiodide ions, I,7(aq).

O5(g) + 3I7(aq) + 2H%(aq) — I37(ag) + O,(g) + H,YO()
When starch solution is added to the mixture, it forms a coloured complex with I,7(aq) ions.
The concentration of I,7(aq) is found by colorimetry and the percentage of O,(g) in the air

is determined.

A diagram of the colorimeter used is shown in Figure 2.1.

AN 4

!———— LED (light-emitting diode)
1 _—10cm3
10cm? measuring
solution—3 L cylinder
black — |
box
—_
]
— photocell
Figure 2.1

In the colorimeter, light from the LED passes through the solution in the measuring cylinder.
Some of the light is absorbed by the complex containing starch and I5™ ions. The photocell is
used to determine the absorbance of the solution in the measuring cylinder.

(a) Suggest one reason why the colorimeter must be enclosed in a black box.

" )
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(b) To calibrate the colorimeter shown in Figure 2.1, five solutions of different known
concentrations of I,7(aq) are prepared. For each solution, the following procedure is
carried out.

step 1

step 2

step 3
step 4
step 5

step 6

Place 15.0cm3 of I,7(aq) solution in a boiling tube.

Add a few drops of starch solution to the boiling tube so that I,(aq) ions form a
coloured complex.

Wait for ten minutes.

Transfer 10.0 cm?3 of solution from the boiling tube to a 10 cm3 measuring cylinder.

Place the measuring cylinder into the colorimeter.

Switch on the LED and record the resistance of the photocell.

The known concentrations of I;7(aq) used and the resistance readings of the photocell, R,
are shown in Table 2.1.

The absorbance, A, of each solution is calculated using equation 1.

equation 1

A=log (R,/Ry)

R, is the resistance measured in a control experiment. The value of R in this experiment
is 4.85kQ.

Table 2.1

concentration of I,7(aq)

resistance of photocell, R,

absorbance, A

/moldm=3 1kQ
3.60 x 1076 33.46
2.94 x 1076 23.42
2.20 x 1076 16.01
1.52 x 106 9.68
7.90 x 1077 7.50

(i) Complete Table 2.1.
Record your values to three significant figures.

[1]

(ii) Suggest what was placed in the measuring cylinder in Figure 2.1 to obtain the value
for R,.
0

(iv) Use the results from Table 2.1 to plot a graph on the grid in Figure 2.2 to show the
relationship between absorbance, A, and the concentration of I;7(aq). Use a cross (x)
to plot each data point. Draw a line of best fit.
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0.9
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0.7
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absorbance,
A
0.4
0.3
0.2
0.1
0.0
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
concentration of I,~ (aq)/10~° moldm=3
Figure 2.2
(v) Circle the most anomalous point on the graph in Figure 2.2.
Suggest one reason to explain the anomalous point you have circled.
Assume no error was made in preparing the I,7(aq) solution.
..................................................................................................................................... [1]
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(c) The following procedure is used to determine the concentration of O,(g) in each sample
of air.

step1 Bubble air through a boiling tube containing 15.0 cm3 of acidified aqueous iodide
ions, I~(aq), for 30 minutes, as shown in Figure 2.3.

air air

in out

Pt

LS&

L boiling tube

OO0 O 0 O

(7/15.0 cm3 acidified I-(aq)

Figure 2.3

Repeat steps 2—6 from the procedure in 2(b).

(i) Suggest a reason for waiting ten minutes after the starch solution is added (step 3).

(ii)) Identify the most appropriate piece of apparatus to transfer 10.0cm? of the solution from
the boiling tube to a 10 cm?® measuring cylinder (step 4).

i
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(iii) A student follows the procedure and measures the photocell resistance, R,

(iv)

(v)

© Cambridge University Press & Assessment 2026 9701/53/M/J/26 [Turn over

as 21.17kQ.

Use this information and your graph in Figure 2.2 to find the concentration, in moldm=,
of I,7(aq).
3

concentration of I;7(aq) = ......cccccoeeveiciiciiciirsicine, moldm™ [2]

Use your answer to 2(c)(iii) to calculate the amount, in mol, of O5(g) in the air bubbled
through the boiling tube.

amount of O5(g) = oo mol [1]

In step 1 in 2(c), the volume of air bubbled through the boiling tube in 30 minutes
is 7500 cm?.

Use your answer to 2(c)(iv) to calculate the concentration, in moldm=3, of O5(g) in
the air.

[If you were unable to determine an answer to 2(c)(iv), then use amount of O,(g) as
3.23 x 10~8mol. This may not be the correct answer.]

concentration of O5(g) = oo moldm=3 [1]
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(vi)

A student draws the line of best fit on the calibration graph that has a gradient which is
too low.

State the effect, if any, on the calculated value for the concentration of O,(g). Explain
your answer.

..................................................................................................................................... [1]
(vii) The procedure is repeated at different times of day. The resistances of the photocell are

shown in Table 2.2.

Table 2.2
time of day resistance of photocell, R /kQ
08:00 9.87
12:00 13.66

The total percentage error of each of the resistance readings is determined to be

14.0%. Use this value and the data from Table 2.2 to determine whether the difference

in the readings at 08:00 and 12:00 can be accounted for by measurement error or

whether there is a difference in the concentration of O,(g) in the air.

Show your working.

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

(viii) The procedure is repeated using a different type of 10 cm?® measuring cylinder.

The 10cm?3 measuring cylinder used is narrower and taller than that used in the

first experiment.

State the effect, if any, this would have on the value obtained for the resistance of the

photocell, R. Explain your answer.

..................................................................................................................................... [1]
(ix) The procedure is repeated but air is bubbled for more than 30 minutes in step 1.

Suggest one reason why it is better to bubble air through the solution for longer.

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

[Total: 17]
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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=-1.60x1071°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~*mol2dm=® (at 298K (25°C))

specific heat capacity of water

c=4.18kJkg K" (4.18Jg~ 1K)
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