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FB 1 is 2.00 mol dm~2 hydrochloric acid, HCL

FB 2 is solid sodium carbonate, Na,CO,.

FB 3 is solid sodium hydrogen carbonate, NaHCO,.

You are to determine, by experiment, the enthalpy change AH, for the reaction
Na,CO4(s) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + H,O(l)

and the enthalpy change AH, for the reaction

NaHCO4(s) + HClaq) — NaCl(aq) + CO,(g) + H,O(l)

You are then to use the results of your experiments to calculate the enthalpy change, AH, for
the reaction

Na,CO4(s) + CO,(g) + H,O(l) — 2NaHCO4(s)
Experiment 1

Weigh the tube labelled Tube 1, which contains FB 2, solid sodium carbonate and record the
mass in Table 1.1.

Table 1.1
Mass of tube 1 + FB 2 /g
Mass of tube 1 + residual FB 2 /g
Mass of FB 2 added /g (]

Place a plastic (expanded polystyrene) cup inside a 250 cm3 beaker for stability.

Using a measured cylinder, place 50.0cm® of FB 1, aqueous hydrochloric acid, into the
plastic cup. Measure and record the temperature of FB 1 in Table 1.2.

Tip the sodium carbonate from Tube 1 into the plastic cup, stir carefully and measure the
maximum temperature obtained. Record this temperature in Table 1.2 and calculate the
temperature rise.

It does not matter if some solid remains in the tube. Reweigh Tube 1 (and stopper), together
with any residual solid. Record the mass in Table 1.1 and calculate the mass of FB 2 added
to the acid.

Table 1.2
Initial temperature of FB 1 /°C
Maximum temperature after reaction /°C
Temperature rise during reaction /°C
P d [1] +[3]
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(a) Calculate the heat change in the cup during the reaction of solid sodium carbonate and >

hydrochloric acid.

[You may assume that 4.3 J are required to raise the temperature of 1 cm? of solution
by 1 °C]

(1]
(b) By reference to the volume of FB 1, the mass of FB 2 and the equation for the reaction,

show which of the reagents FB 1 or FB 2 was in excess.
[A;: Na, 23.0; C, 12.0; 0, 16.0.]

(1]

(c) Calculate AH, for the following reaction.
Na,CO4(s) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + H,O(l)

Give your answer correct to 3 significant figures and include the correct sign and units.

(2]
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Experiment 2 ”

Weigh the tube labelled Tube 2, which contains FB 3, solid sodium hydrogen carbonate and
record the mass in Table 1.3.

Table 1.3
Mass of tube 2 + FB 3 /g
Mass of tube 2 + residual FB 3 /g
Mass of FB 3 added /g (1]

Empty and rinse the plastic cup used in Experiment 1. Replace the cup in the 250 cm3
beaker.

Use the measuring cylinder to place 50.0cm?3 of FB 1, aqueous hydrochloric acid, into the
plastic cup. Measure and record the temperature of FB 1 in Table 1.4.

Tip the sodium carbonate from Tube 2 into the plastic cup, stir carefully and measure the
minimum temperature obtained. Record this temperature in Table 1.4 and calculate the
temperature change.

Record the mass of the tube and any residual solid in Table 1.3 and calculate the mass of
FB 3 added to the acid.

Table 1.4
Initial temperature of FB 1 /°C
Minimum temperature after reaction /°C
Decrease in temperature during reaction /°C [1] + [3]

(d) Calculate the heat change in the cup during the reaction of solid sodium hydrogen
carbonate and hydrochloric acid.
[You may assume that 4.3 J are required to raise the temperature of 1 cm? of solution by
1°C]

(1]
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(e)

®)

(9)

5

Calculate the number of moles of sodium hydrogen carbonate, NaHCO,, used in the
experiment
[A;: Na, 23.0; C, 12.0; H, 1.0; O, 16.0.]

(1]

Assuming that the hydrochloric acid, FB 1, is in excess, calculate AH, for the following
reaction.

NaHCO,(s) + HCl(agq) — NaCl(ag) + CO,(g) + H,O(l)

Give your answer correct to 3 significant figures and include the correct sign and units.

(2]
Use the equations
Na,CO4(s) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + H,O(l)

NaHCOg4(s) + HCllag) — NaCl(aq) + CO,(g) + H,O(l)

and the calculated values of AH, and AH, to calculate the enthalpy change, AH,, for the
following reaction, where the enthalpy change cannot be measured directly by experiment.

Na,CO4(s) + CO,(g) + H,O(l) — 2NaHCO(s)

(2]
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ASSESSMENT OF PLANNING SKILLS
You are provided with FB 4, solid sodium hydrogen carbonate, NaHCO3, and distilled water.
Using these materials alone, you are to plan and carry out one experiment to determine a
further enthalpy change, AH,, which can be put together with the other enthalpy changes to
find the enthalpy change for the following reaction.
Na,CO4(s) + CO,(g9) + H,O(l) — 2NaHCO,(aq)

Give your plan as a series of numbered steps
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Carry out your plan recording all your results in a suitable form.

Show how you can use your results to determine the enthalpy change for the reaction
Na,CO,4(s) + CO,(g) + H,O(l) — 2NaHCO,(aq)

[Total 25]
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ASSESSMENT OF PLANNING SKILLS
Labels have come off three bottles each containing a white solid.
The labels indicate that the solids are

aluminium nitrate

lead nitrate

zinc nitrate

Solutions have been prepared from each of the solids and labelled FB 5, FB 6 and FB 7.

You are to plan a way to identify the solid dissolved in each of the solutions.
You should then carry out your plan.

MAXIMUM CREDIT will be given for the minimum number of tests to positively identify
each of the solutions. Marks will be reduced for additional or unnecessary tests.
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Results of Tests Carried out

Identity of solids dissolved in the solutions

FB 5

FB 6

FB7

[Total 5]
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10
QUALITATIVE ANALYSIS NOTES

[Key: ppt. = precipitate]

1 Reactions of aqueous cations

reaction with

ion

NaOH(aq) NH,;(aq)
aluminium, white ppt. white ppt.
Al3*(aq) soluble in excess insoluble in excess
ammonium, ammonia produced on heating
NH,*(aq)
barium, no ppt. (if reagents are pure) no ppt.
Ba®*(aq)
calcium, white ppt. with high [Ca?* (aq)] no ppt.
Ca®*(aq)
chromium(III), grey-green ppt. soluble in excess grey-green ppt.
Cr3*(aq) giving dark green solution insoluble in excess
copper(II), pale blue ppt. blue ppt. soluble in excess
Cu®*(aq) insoluble in excess giving dark blue solution
iron(II), green ppt. green ppt.
Fe?*(aq) insoluble in excess insoluble in excess
iron(I1I), red-brown ppt. red-brown ppt.
Fe3+(aq) insoluble in excess insoluble in excess
lead(II), white ppt. white ppt.
Pb2*(aq) soluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg?*(aq) insoluble in excess insoluble in excess
manganese(II), off-white ppt. off-white ppt.
Mn2*(aq) insoluble in excess insoluble in excess
zinc, white ppt. white ppt.
Zn?*(aq) soluble in excess soluble in excess

[Lead(II) ions can be distinguished from aluminium ions by the insolubility of lead(II) chloride.]
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2 Reactions of anions
ion reaction
carbonate, CO, liberated by dilute acids
COSZ‘
chromate(VI), yellow solution turns orange with H*(aq);
CrO,%(aq) gives yellow ppt. with Ba®*(aq);
gives bright yellow ppt. with Pb?*(aq)
chloride, gives white ppt. with Ag*(aq) (soluble in NH;(aq));
Cl=(aq) gives white ppt. with Pb%*(aq)
bromide, gives cream ppt. with Ag*(aq) (partially soluble in NH;(aq));
Br(aq) gives white ppt. with Pb%*(aq)
iodide, gives yellow ppt. with Ag*(aq) (insoluble in NH,(aq));
I-(aq) gives yellow ppt. with Pb%*(aq)
nitrate, NH, liberated on heating with OH~(aq) and Al foil
NO,(aq)
nitrite, NH, liberated on heating with OH™(aq) and Al foil,
NO,(aq) NO liberated by dilute acids
(colourless NO — (pale) brown NO, in air)
sulphate, gives white ppt. with Ba?*(aq) or with Pb2*(aq) (insoluble in excess
S0,%(aq) dilute strong acid)
sulphite, SO, liberated with dilute acids;
8032‘(aq) gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acid)
3 Tests for gases

gas

test and test result

ammonia, NH3

turns damp red litmus paper blue

carbon dioxide, CO,

gives a white ppt. with limewater
(ppt. dissolves with excess CO,)

chlorine, Cl,,

bleaches damp litmus paper

hydrogen, H,

‘pops’ with a lighted splint

oxygen, O,

relights a glowing splint

sulphur dioxide, SO,

turns potassium dichromate(VI) (aq) from orange to green
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