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1 You are going to investigate the reaction between magnesium ribbon and hydrochloric acid.

(@) (i) Procedure

2

*  Measure 25cm? of hydrochloric acid using a measuring cylinder. Pour this into a
boiling tube.

*  Measure the initial temperature of the hydrochloric acid. Record this temperature to
the nearest 0.5°C in Table 1.1 in the row for one piece of magnesium ribbon.

*  Add one piece of magnesium ribbon to the hydrochloric acid in the boiling tube and
measure the highest temperature reached. Record this temperature to the nearest
0.5°C in Table 1.1.

* Rinse the boiling tube and thermometer.

*  Repeat the procedure using two, three and four pieces of magnesium ribbon.

Table 1.1
number of pieces of | initial temperature of | highest temperature temperature rise
magnesium ribbon hydrochloric acid/°C reached/°C /°C
1
2
3
4

(ii) Calculate the rise in temperature for each reaction.
Record these values in Table 1.1.

[3]

[1]

(b) Describe two observations that show that the magnesium has reacted completely with the

hydrochloric acid.

(0] o 1=Y=Y V=1 ([0 o W IR

(0] o XY= V=1 [0] o 12O

(c) Describe the relationship between the number of pieces of magnesium ribbon and the
temperature rise of the reaction.
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(e) Procedure

(i)

(ii)

Measure 10cm? of hydrochloric acid and pour it into a boiling tube.
Add 5 drops of universal indicator (full range indicator).

Record the colour of the solution in the boiling tube.

Add pieces of magnesium ribbon slowly until no more reacts.
Record the colour changes which take place in the boiling tube.

Test the gas given off and identify it.

State the colour of the universal indicator in hydrochloric acid.

Describe the colour changes which take place in the boiling tube as the magnesium
reacts.

colour of universal indicator in hydrochloricacid .......................ccc

colour changes in bOoIlING tUDE ........uvuiii i e

[1]
Describe the test you used to identify the gas given off.
State the observation that identifies the gas and state the identity of the gas.
[ TP P PP PRPPPPPTPIR
ODSEIVALION ...t
[0 =T 0111 YOO PP T PP PPPPPPPRP
[2]

(f) One way to investigate the rate of the reaction between magnesium and hydrochloric acid is
to collect the gas given off and measure the volume of gas collected every minute.

Draw a labelled diagram of the assembled apparatus used for this experiment.

You are not to do this experiment.
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4
2  You are going to investigate the magnification produced by a converging lens.

Refer to Fig. 2.1 when following the instructions.

illuminated
object u

o - |
h, ens

Z

N

Fig. 2.1
(a)
e Switch on the lamp.
*  Set the distance u between the illuminated object and the lens to 25.0cm.
*  Move the screen until a sharp image of the triangle is seen on the screen.
* Measure the height h, of the image on the screen and record your value in Table 2.1.
*  Repeat the procedure for values of u = 30.0cm, 35.0cm, 40.0cm and 45.0cm.

e Switch off the lamp.

Table 2.1

u/cm h,/cm J
25.0
30.0
35.0
40.0
45.0

*  Measure and record the height h of the triangular-shaped hole of the illuminated object.

(b) Calculate a value of a quantity J for each value of u, using your measurements for h and h,
in (a).

Use the equation:

Record the values in Table 2.1. [1]
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5
(c) (i) Plota graph of u (vertical axis) against J.

You do not have to start your graph at the origin (0, 0).

3]
(ii) Draw the line of best fit. [1]
(d) Calculate the gradient G of the line.

Show all working and indicate on your graph the points you used to calculate the gradient.
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6

(f) One difficulty in measuring the height of the image is that the ruler and your hand cast a
shadow over the image.

Suggest an improvement to the apparatus or the arrangement of the apparatus to overcome
this difficulty.

[Total: 10]
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Question 3 begins over the page
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3 You are going to investigate the stretching of two identical springs. One of the springs has been
set up for you as shown in Fig. 3.1.

(@ (i)

© UCLES 2020

clamp

-

boss

stand —

metre rule

{ )

bench

Fig. 3.1

Do not remove the spring from the clamp.

Measure the unstretched length I of the spring in centimetres, to the nearest
millimetre. Do not include the loops at the end of the spring in your measurement.

Record ) in Table 3.1 atload L = 0.0N.
Place a load L = 1.0N on the spring.

Use the metre rule to measure the new length [ of the coiled part of the spring in
centimetres to the nearest millimetre.

Record lin Table 3.1 atload L = 1.0N.
Repeat the procedure using loads of 2.0N and 3.0N.
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Table 3.1
L/N [/cm x/cm
0.0
1.0
2.0
3.0

[2]

(ii) Calculate the extension x of the spring for each load in Table 3.1.

Use the equation:
x=1-1

[1]

(b) Calculate the spring constant k, of the spring when L = 3.0N.

Use the equation:

> |~

where x is the extension of the spring at L = 3.0N.

Give your answer to a suitable number of significant figures.

Ky = oo N/cm [2]
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(c) (i)

(ii)
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*  Remove the loads from the spring.

*  Attach a second identical spring to the bottom of the first spring by linking the loops.
Do not remove the spring from the clamp. Fig. 3.2 shows how the springs should be
arranged.

O

Ll

O
Fig. 3.2

The total length [, of the coiled part of both springs is the sum of [, and .

* Use the metre rule to measure the individual lengths [, and [; as indicated on
Fig. 3.2.

. Calculate and record ZC where:

lc=1* 15

Place a load L = 3.0N on the spring.
*  Use the metre rule to measure and record the new individual lengths.

*  Calculate and record the new combined length [ of the coiled part of both springs.

Calculate the extension x, of the combined springs.

Use the equation:

X, =1lp—1I¢
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(d) Calculate the spring constant k,, of the combined springs when L = 3.0N.

Use the equation:

_L
k2—X2

Ky = oovevvvoooeeeeeeeesoooeseseeeeessse N/cm [1]

(e) The student suggests that the spring constant k,, of the combined springs is equal to half of
the spring constant k, of just one of the springs.

Explain whether the calculated values of k; and k, support this suggestion within the limits of
experimental error.

(f) The student plans to investigate the relationship between k, and k, in more detail.

Suggest one change to the procedure that will enable the student to do this.

[Total: 10]
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4 Lemon juice and lime juice both contain acids.
Acids are neutralised by alkalis.
Plan an experiment to compare the amount of acid in lemon juice and lime juice.

You may use any common laboratory apparatus, aqueous sodium hydroxide, any test reagents
and a lemon and a lime.

Your plan should include:

*  a brief description of the method including the apparatus you would use

* safety precautions AND explain why these are needed

e the variables to control

*  the measurements you will make

* an explanation of how you would use your results to reach a conclusion.
A diagram is not required but you may draw one if it helps to explain your plan.

You will not be doing this experiment.
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Tests for anions

15

NOTES FOR USE IN QUALITATIVE ANALYSIS

anion

test

test result

carbonate (CO2")

add dilute acid

effervescence, carbon dioxide
produced

chloride (Cl7) acidify with dilute nitric acid, then white ppt.

[in solution] add aqueous silver nitrate

bromide (Br™) acidify with dilute nitric acid, then cream ppt.

[in solution] add aqueous silver nitrate

nitrate (NO3") add aqueous sodium hydroxide, ammonia produced
[in solution] then aluminium foil; warm carefully

sulfate (SO42‘) acidify, then add aqueous barium white ppt.

[in solution] nitrate

Tests for aqueous cations

cation

effect of aqueous sodium hydroxide

effect of aqueous ammonia

ammonium (NH,")

ammonia produced on warming

calcium (Ca?*)

white ppt., insoluble in excess

no ppt. or very slight white ppt.

copper (Cu?*)

light blue ppt., insoluble in excess

light blue ppt., soluble in excess,
giving a dark blue solution

iron(I1) (Fe2*)

green ppt., insoluble in excess

green ppt., insoluble in excess

iron(III) (Fe3*)

red-brown ppt., insoluble in excess

red-brown ppt., insoluble in excess

zinc (Zn2*)

white ppt., soluble in excess, giving
a colourless solution

white ppt., soluble in excess,
giving a colourless solution
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Tests for gases

gas test and test result

ammonia (NH,) turns damp red litmus paper blue
carbon dioxide (CO,) turns limewater milky

chlorine (Cl,) bleaches damp litmus paper
hydrogen (H,) ‘pops’ with a lighted splint
oxygen (O,) relights a glowing splint

Flame tests for metal ions

metal ion flame colour
lithium (Li*) red

sodium (Na*) yellow
potassium (K*) lilac
copper(II) (Cu?*) blue-green
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