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1 You are required to determine the molar enthalpy change of solution for ammonium chloride, For

FA 1. Examiner's
Use
When an exothermic reaction takes place in a container such as a beaker, some of the
evolved heat energy is absorbed by the beaker.

When an endothermic reaction takes place some of the required heat energy is supplied by
the beaker.

The amount of heat energy evolved or supplied for a 1 °C change in temperature is known as
the heat capacity of the beaker.

In preparation for your experiment to determine the molar enthalpy change of solution for
FA 1 you will first need to determine the approximate heat capacity of a 250cm? beaker.

Before starting any practical work read through the instructions in (a) and draw up a
table to record your results.

© UCLES 2010 9701/33/M/J/10 [Turn over



4

(a) Determining the approximate heat capacity of the 250cm? beaker

When samples of hot and cold water are mixed in the 250 cm? beaker, some heat is lost
to the beaker in raising its temperature. To determine the approximate heat capacity of
your 250cm?3 beaker, you will determine the maximum temperature rise when a sample
of hot water is added to cold water in the beaker.

Use a 50cm® measuring cylinder to transfer 50cm? of cold water into the 250 cm3
beaker.

Use the 50 cm3 measuring cylinder to transfer 50cm? of cold water into a 100cm3
beaker. Note the temperature of the water in this 100cm3 beaker and heat it
carefully and gently until the temperature of the water in it has increased by
45-50°C then stop heating, e.g. if the water is at 20.0°C you should warm it to
65-70°C.

Stir the cold water in the 250 cm?® beaker with the thermometer.
Record the temperature of the cold water (this is the temperature at t = 0 min).
Record the temperature each minute for 3 minutes.

After you have taken the reading at t = 3 min, use the thermometer to stir the hot
water in the 100cm? beaker.

At t = 4 min, measure the temperature of the hot water and record this value in the
box below.

Immediately add the hot water from the 100cm?3 beaker to the cold water in the
250 cm? beaker. Stir with the thermometer but do not record the temperature.
Continue to stir the water throughout the experiment.

Record the temperature at t = 5 min, and then every ¥ minute until t = 8 min.
Empty and rinse the 250 cm? beaker. Dry it using a paper towel.

Record all measurements of time and temperature obtained.

The temperature, T,, of the hot water att =4 minis ............ °C.

Table of results

© UCLES 2010
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(b) Graph plotting For

1. Plot a graph of the temperature of the water in the 250 cm? beaker (y-axis) against |gxaminer's
time (x-axis) on the grid below. Use
Do not plot the temperature, T4, of the hot water at t = 4 min.

2. Draw two straight lines of best fit; one through the points up to t = 3 min; the second
through the points from t = 5 min to t = 8 min. Extrapolate both lines to t = 4 min.

3. From the extrapolated lines read the minimum and the maximum temperatures at
t = 4 min. Record these values in the spaces provided below.

4. Determine the values for the two temperature changes at t = 4 min.

Minimum temperature, T,, att=4 minis ............... °C.

Maximum temperature, T,, att=4 minis ............ °C.

Temperature rise for 50 cm? of cold water in the 250 cm? beaker, (T3=Tyis e, °C.
Temperature fall for 50 cm® of hot water from the 100cm? beaker, (T =Ty is i °C.

[4]
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(c) Calculations For

Examiner's
Working should be shown in all calculations. Use

[4.2J are absorbed or released when the temperature of 1.0cm?3 of water changes by
1.0°C]

() Calculate the heat energy gained by the 50cm® of cold water in the 250cm3
beaker.

The heat energy gained by the cold water = ............ J.

(i) Calculate the heat energy lost by the 50 cm? of hot water from the 100 cm? beaker.

The heat energy lost by the hot water = ............ J.

(iii) The difference between the values calculated in (i) and (ii) is an approximate value
for the total heat energy absorbed by the 250cm? beaker during the experiment.
The heat capacity of the beaker is the amount of heat energy absorbed for a 1°C
change in temperature.

approximate heat capacity - (heat energy lost) — (heat energy gained) jeoc-1
of the 250 cm?3 beaker (T3-T,)

Use your answers to (i) and (ii) and the temperature rise from (b) to calculate the
approximate heat capacity of the 250 cm?® beaker.

The approximate heat capacity of the 250cm3 beaker = ............ Ject,

[1]
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(d) Determining the enthalpy change of solution for ammonium chloride

Follow the instructions below to find the temperature change when a known mass of
solid ammonium chloride dissolves in water.

You are provided with two samples of ammonium chloride. You should use the sample
labelled NH,C1 in experiment 1 and the sample labelled FA 1 in experiment 2.

Experiment 1

Enter all results in the table below.

Weigh the stoppered tube containing ammonium chloride, which is labelled
NH,CL.

Use4 the 50 cm® measuring cylinder to transfer 100 cm?3 of cold water into the rinsed
and dried 250 cm? beaker used in (a).

Stir the water in the beaker with the thermometer and record the temperature.

Add the solid from the weighed tube to the water.

Stir the mixture constantly with the thermometer.

Record the minimum temperature obtained in the solution.

Reweigh the tube labelled NH,Cl, its stopper and any residual ammonium
chloride.

Empty and rinse the beaker and dry it using a paper towel.

Experiment 2

Enter all results in the table below.

Weigh a clean, dry, boiling-tube.

Weigh between 9.8g and 10.2g of FA 1, ammonium chloride, into the boiling-tube.
Repeat the procedure in experiment 1 and record the minimum temperature
obtained when this mass of FA 1 dissolves in 100cm? of water.

Reweigh the boiling-tube and any residual ammonium chloride.

Results

experiment 1 experiment 2

mass of tube + ammonium chloride / g

mass of empty tube / g

mass of tube + residual ammonium chloride / g

mass of ammonium chloride / g

initial temperature of water / °C

minimum temperature obtained / °C

temperature fall, AT / °C

© UCLES 2010
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(e) Calculations
Working should be shown in all calculations.
(i) Use the temperature fall from (d), experiment 1, to calculate the change in heat
energy of the solution.

[4.3] are absorbed or released when the temperature of 1.0cm3 of solution
changes by 1.0°C.]

The change in heat energy of the solution = ................. J.
(i) To calculate the total change in heat energy as ammonium chloride dissolves in
water, the change in heat energy of the 250cm?3 beaker has to be added to the

change in heat energy of the solution.
Explain why these two changes in heat energy have to be added together.

(iii) Use your answer in (i) above and the approximate heat capacity of the 250cm3
beaker calculated in (c)(iii) to calculate the combined change in heat energy of the
beaker and solution.

The combined change in heat energy of the beaker and solution = ................. J.

(iv) Calculate how many moles of FA 1, NH,C[, were used in (d), experiment 1.
[A; CL 355; H, 1.0; N, 14.0]

............ mol of FA 1 were used in experiment 1.
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(v) Calculate the enthalpy change when 1 mol of FA 1 dissolves in an excess of water. For
This is the molar enthalpy change of solution, AHsejytion (NH,CI). Examiner’s
Make certain that your answer is given in kJmol-1 and has the appropriate sign. Use

AHso|uti0n (NH4CZ)  iiiirs rrearerasersrrrsreesseessees k\] mOl_l
sign calculated value
(vi) Explain the significance of the sign you have given in (v) and how it is related to

your experimental results. v
.................................................................................................................................. V|
.................................................................................................................................. Vii
.................................................................................................................................. viii

[8]
9701/33/M/3/10
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(f) Evaluation For
Examiner's
A data book value for the molar enthalpy change of solution, AHsoution (NH,CI), Use

is +15.2 kI mol1.
The value you have obtained may be significantly different from this value.
Calculate the difference between your value of AHsoution (NH,CI) and the data book

value. Record this difference below. Express this difference as a percentage of the data
book value.

difference = .................... kJmol1
percentage difference = .................... %
[1]

(g) Sources of error
Describe one major source of error in this experiment. Suggest an improvement
which would significantly increase the accuracy of the experiment. Explain why your
suggestion would produce a more accurate value.

description of major source of error

[Total: 25]
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2 (a) You are provided with three solutions, FA 2, FA 3 and FA 4. The only anions that may be

present in these solutions are sulfate and carbonate. One or more of the solutions may

contain both anions.

Identification of the anions in FA 2, FA 3 and FA 4.

Most metal carbonates are insoluble, most metal sulfates are soluble and all metal
nitrates are soluble in water.

(i) Use this information and the Qualitative Analysis Notes on page 16 to select
e reagent 1, to identify any carbonate ion present,
e reagent 2, to identify any sulfate ion present.
reagent 1 ..o reagent 2 .....ccoocceeeees [1]
(i) Explain the order in which you will add your chosen reagents to determine the
anion or anions present in each of FA 2, FA 3 and FA 4.
.............................................................................................................................. [1]
(iii) Use the reagents selected in (a)(i) to test each of the solutions FA 2, FA 3 and FA 4.
Record your observations in the table below.
observations
reagent
FA 2 FA 3 FA 4
[2]
(iv) From your observations, identify the anion or anions present in each of the
solutions.
solution carbonate sulfate evidence
FA 2
FA 3
FA 4

© UCLES 2010
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(c) From your observations in (b), identify the cation present in each of the following

solutions.

solution

cation

evidence

FA 5

FA 6

FA 8

© UCLES 2010
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Key: [ ppt. = precipitate. ]

15

Qualitative Analysis Notes

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, no ppt.
NH,*(aq) ammonia produced on heating
barium, no ppt. (if reagents are pure) no ppt
Ba2*(aq) ppt. g p ppt.
calcium
’ white ppt. with high [Ca?*(a no ppt.

Ca?*(aq) PP gh [Ca*(aq)] PP
chromium(lll), grey-green ppt. soluble in excess grey-green ppt.
Cr¥*(aq) giving dark green solution insoluble in excess
copper(ll), pale blue ppt. blue ppt. soluble in excess
Cu?*(aq) insoluble in excess giving dark blue solution
. green ppt. turning brown on contact | green ppt. turning brown on contact
iron(1l), . N
Fe?*(aq) with air with air

eaq insoluble in excess insoluble in excess
iron(l1), red-brown ppt. red-brown ppt.
Fe3*(aq) insoluble in excess insoluble in excess
lead(ll), white ppt. white ppt.
Pb2*(aq) soluble in excess insoluble in excess
magnesium, white ppt. white ppt.
Mg2*(aq) insoluble in excess insoluble in excess

manganese(ll),

off-white ppt. rapidly turning brown
on contact with air

off-white ppt. rapidly turning brown
on contact with air

2+
Mn**(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.]

© UCLES 2010
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2 Reactions of anions

ion reaction
carbonate, CO, liberated by dilute acids
CO%‘
chromate(VI), y(.allow solution turr?s orange with H*(aq);
Croﬁ‘ (aq) g?ves ye-llow ppt. with Baz.’r(aq);2

gives bright yellow ppt. with Pb<*(aq)

chloride, gives white ppt. with Ag*(aq) (soluble in NH,(aq));
Cl (aq) gives white ppt. with Pb2*(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 Pb2*(aq)
nitrate, NHj liberated on heating with OH~(aq) and Al foil
NO; (aq)
nitrite. NH, liberated on heating with OH™(aq) and Al foil;
NG; (aq) (I\(I:SI(I)IBreI;astse leCD)yi”EgZI:)CIgrsown NO, in air)
sulfate, gives white ppt. with Ba2*(aq) (insoluble in excess dilute strong acid) or
02" (ag) gives white ppt. with Pb%*(aq)
sulfite, SO, liberated with dilute acids;
SO%‘ (aq) gives white ppt. with Ba2*(aq) (soluble in excess dilute strong acid)

3 Tests for gases

gas test and test result

ammonia, NH, 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

sulfur dioxide, SO, turns acidified aqueous potassium dichromate(VI) (aq) from orange to
green
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