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Some cleaning products contain a solution of sulfamic acid.

You are going to determine the concentration of sulfamic acid in a sample of a cleaning product by
titration with sodium hydroxide.

The sulfamic acid can be represented by the formula, HA. The equation for the reaction occurring
in the titration is shown.

HA + NaOH —> NaA + H,0
Read all the instructions below carefully before starting the experiment in Question 1.

Instructions
P is 0.200 mol/dm3 sodium hydroxide.
Q contains aqueous sulfamic acid. The solution was made by diluting a sample of 100 cm?d of the

cleaning product to 1.00dm3 by adding deionised water.
T is thymolphthalein indicator.

(a) (i) Fill the burette with P.
Use the pipette to transfer 25.0cm?® of Q into a conical flask.
Add a few drops of the thymolphthalein indicator, T, to the solution in the conical flask.
Ensure the lid is placed back on the container of T after use.
Add P from the burette, swirling the flask constantly.

At the end-point, one drop of P produces a blue colour that does not disappear on
swirling.

Record your titration results in the space provided. Repeat the titration as many
times as you consider.necessary to achieve consistent results.

Results
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(ll) From your titration results, obtain an average volume of P to be used in your calculations.
Show clearly how you obtained this volume.

vlume A P 4-90 + (7-¢o
AVbnsL —
- Mg m3
average volume of P .......... (00> oo cm3 [1]

(b) (i) -Pis 0.200mol/dm?3 sodium hydroxide.

Use your answer from (a)(ii) and the equation for the reaction to calculate the number of
moles of sulfamic acid in 25.0cm? of Q.

ltr & NaoH = 0-200% L%

= (. 003“ mod
wole £ HB = 0-00385 wol

number of moles of sulfamic acid in 25.0cm3of Q ........ccovveeeeene. 0 003“’ ......... mol [1]

(i) Use your answer from (b)(i) to calculate the concentration, in mol/dm3, of sulfamic acid
in the sample of the cleaning product.

b 1o /{ HA Sﬁmr& = ﬂg&x{ooo

= 0S¥ WA .
. 0155
Lonuntration f( HA 1w S’ew\r!e ol
loog
= [-SS wol /dw®
concentration of sulfamic acid in cleaning product ......... I'SS ......................... mol/dm® [3]
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(c) The label on the bottle of cleaning product gives the concentration of sulfamic acid in g/ dm3.

To convert your answer from (b)(ii) into g/ dm3, it is necessary to know the relative molecular
mass, M,, of sulfamic acid.

The M, can be determined by reacting some solid sulfamic acid with aqueous sodium
carbonate and measuring the volume of carbon dioxide produced.

' DO'NOTWRITE IN THIS MARGIN

The equation for the reaction is shown.
2HA + Na,CO, —> CO, + H,0 + 2NaA
(i) Use this information to outline a method to determine the M, of sulfamic acid.
Your method should use gas collection by the displacement of water.
In your method you should include:

» the apparatus you would use

« the measurements you would take
«  an explanation of how you would use your results to determine the M, of sulfamic acid.

RO NOT WRITE IN THIS MARGING -

You can assume the apparatus and reagents normally found in a school laboratory are
available.

e

You may wish to use a labelled diagram to illustrate your answer.
== gas otk
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Carbon dioxide is soluble in water. -

Suggest how this may cause your calculated value for the M, of sulfamic acid to be
different from its theoretical value.

Explain your answer.

Suggest and explain one change you could make to your experiment to improve the
accuracy of your calculated value for M,. -

change C'"‘d-ﬂ‘JM‘L/)?"ja.JM‘Q 'I‘%' T -
s wild .ffe”““* 0, oo Asm/u.@"_m wodts, god

explanation .........fota s o, pun ERTOATE

[Total: 19]
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‘Burgundy mixture’ and ‘Bordeaux mixture’ are used as fungicides on some plants. They are both g%
mixtures of two metal compounds. =

=z

R is a sample of Burgundy mixture. =

S is a sample of Bordeaux mixture. %

0

You will carry out tests on R and S to identify ions in both mixtures. §
Read all the instructions carefully before starting the experiments in Question 2. .

Instructions =z

&l

(a) Carry out the following tests on R and S. You should test and identify any gases evolved. g

Record your observations in the table. t -g

=

The volumes given below are approximate and should be estimated rather than measured E

unless instructed otherwise. g

'-;-"5

test observations for R observations for S E

Test 1

To the sample in the boiling tube,
carefully add dilute nitric acid to a
depth of approximately 6.cm.

Use a glass rod to stir the mixture.
Keep the final solution for use in

Gueen solsd dissolwr 4o
P a blu golution -

E‘F@ VESCeu o);y,/vu( .
Wt ~blwe selid Aissolver
n wfnt acd B vﬁ’wm A

bine sphution.

SMARGIN

Tests 2-4. B
whrte o z

mtwgl: ,{.Mﬂmqf E

Gﬁ/) BWIV{J U Cdvbm dlam&- ’5

Test 2 §

Blue ppt foewdd, hich is
Gbmble 1a e a9 nlons

Put 1cm depth of the solution from
Test 1 in a clean test-tube. Add
aqueous ammonia slowly with

Bl Pt fovmed, hidnis

Soluble tn LxCem agnows

zzz(ling until no further change is | Ammonia 4 ng a Awrmon|a -/o Form & 'l”’f’ g _
L,lul Solufion - LM §0L4'HM &

E

R4

Test 3 R e E'
Put another 1cm depth of the Blnt nrf ﬁfmujz whith 15 | Blwe pet- ﬁrw.d ) whith 1§ =
solution from Test 1 in a clean . R . , [z
test-tube. Add aqueous sodium doluble Tn txton sudidm | Soluble m xw» godium 8
hydroxide slowly with shaking until ) ) 152
no further change is seen. "gt(m«o(t : h/val roxidg - i
}‘.92
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test observations for R observations for S

Test 4 )
Put 2cm depth of the solution from Nk‘\‘ﬁl “1+ s 16(M¢l} T Whﬂi WTL' 1$ ﬁywd M
Test 1 in a clean test-tube. Add an
equal volume of aqueous barium Q ble 501M+50V" a LfV«L gabA-HM .
nitrate.

Keep the final solution for use in
Test 5.

Test 5 . * '
Filter the contents of the test-tube N '\47»' el Wttt (Wt e 'é\wvm! i
from Test 4 into a clean test-tube. o . ’ .

trt o blue sulubion .

Add an equal volume of aqueous
silver nitrate to the filtrate.

= JIE A

8]

(b) One of the compounds in R is the same as one of the compounds in 8. Suggest the name of
this compound and explain your reasoning.

T T A LT

compound present in both R and S @f{)ﬂf@v).ﬁw{‘&‘ﬂ ..................................................
reasoning —TWT(’”{.SJ&'\J,»%AHMWW'&“MWW&{{MW@&{MH ......

To. At bt ot s foemed b agutann bovidw_witiste...
wean ‘u'{w _é? f-ﬁqc! S, Mf{ '{‘L&{ art SO; {ong . =l

(c) Both compounds in R are soluble. Use this information and the results of your tests to suggest
the other compound in R. Explain your reasoning.

A S L P e LA R e S AL e b AL PrSESI T

other compound inR ...... N GO e
reasoning IV\'FUIL{, ..... C{:&VV‘SWQWMO}’SWVJv“"“”‘-’/t‘l"""-HNol"“’V’aJM
%O’JN.@VOJNJWM ..... OOLH”""C!TCO:_MM”C(Y\’”‘"‘IL .........................
Sina_the C«’WWwalmuemJaUWbmthwuw&,Mﬁ*ﬁv .......
bng 1 wied ackonstts | o cetion 8 Dikely 45 e Nt . 2

(d) Use the results of your tests to identify the other anion in S.

A T N (1]

[Total: 13]
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A student investigates the effect of temperature on the rate of the reaction of zinc with
dilute hydrochloric acid.

The student places a piece of zinc in a conical flask containing dilute hydrochloric acid. The
student records the total mass of the flask and its contents at timed intervals.

The student repeats the experiment at different temperatures.

The student's results are shown.

Experiment 1 at 20°C Experiment 2 at 30°C Experiment 3 at 40°C

time total loss in time total loss in time total loss in K
/min mass/g | mass/mg | /min mass/g | mass/mg | /min mass/g | mass/mg

0 81.130 0 0 81.132 0 0 81.129 0

2 81.116 14 2 81.114 1§ 2 81.100 29

5 81.099 31 5 81.094 2¢ 5 81.075 54

10 81.082 48 10 81.076 sh 10 81.065 64

15 81.071 59 15 81.069 A2 15 81.063 66

20 81.066 64 20 81.067 Ay 20 81.063 66

(a) Explain why there is a loss in mass as the reaction proceeds.

W’”W‘ub‘b‘ .................... H T 3M ........................................................................

(b) Complete the table to show the loss in mass, in mg, for Experiment 2. [1]
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(¢) (i) The results for Experiment 1 are plotted on the grid below.

Plot the results for Experiment 3 on the grid. Draw a line of best fit.

70 : TR _ I {
i . | I I ! i _i
1 : EREm== o BERRRns s o
60 -+ ' -
50+ A )
; : X T
loss in T e Experiment 1 HEHHHH
mass : / -
/m =S
9 ofHHA
20 ri -
10+ £2
';a‘ b
0
0 2 4 6 7 8 10 12 14 16 18 20
time/min
[2]
(ii) The average rate of this reaction can be calculated using:
average rate of reaction = w
time taken
For Experiment 1, calculate the average rate over the first 7 minutes of the reaction.
Give the units for your answer.
= ol =
QgL Al £ vactm = = - &5 ?,“3 [
average rate of reaction ............... Y &:'[""‘é’/‘”‘"\"‘ ............ (3]
(d) The student concluded that the reaction in Experiment 3 had finished.
Suggest how the student reached this conclusion.
The 108 1 g vemaingawtant o (Swin o H0min.
............................................................................................................................................. [1]

[Total: 8]
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