Sodium hydrogencarbonate, NaHCO,, is used as baking soda in cooking. Baking soda may also
contain small amounts of other chemicals.

In this experiment, you will determine the percentage purity by mass of an impure sample of
NaHCO, by titration with sulfuric acid.

FA 1 is 0.0500 moldm= sulfuric acid, H,SO,.
FA 2 is impure NaHCO,.
methyl orange

(a) Method
Preparing a solution of FA 2

Weigh the stoppered container of FA 2. Record the mass in the space below.

Tip all the FA 2 into the beaker.

Reweigh the container with its stopper. Record the mass.

Calculate and record the mass of FA 2 used.

Add approximately 100 cm? of distilled water to the FA 2 in the beaker.

Stir the mixture with a glass rod until all the FA 2 has dissolved.

Transfer this solution into the 250 cm?® volumetric flask.

Wash the beaker with distilled water and transfer the washings to the volumetric flask.
Rinse the glass rod with distilled water and transfer the washings to the volumetric flask.
Make up the solution in the volumetric flask to the mark using distilled water.

Shake the flask thoroughly.

This solution of impure NaHCO, is FA 3. Label the flask FA 3.

Results

Yass ‘%’ aonloiner + FAQ /(7 16-34

mass /g confaivey o yegidual FAY /a 14.33

mass % FAA useol/z A0l

Titration

Fill the burette with FA 1.

Pipette 25.0cm? of FA3 into a conical flask.

Add several drops of methyl orange.

Perform a rough titration and record your burette readings in the space below.

Fl'vm' bm’dﬂ? -(eﬂdﬂ'v (cm® Al 65-
Litial buvette Yeﬁdﬂ'“i / em? 0-00
Vfume & FAI wied /e’ Al 65

The rough titre is ..... &lb{ ........ cmd.



e Carry out as many accurate titrations as you think necessary to obtain consistent results.

e Make sure any recorded results show the precision of your practical work.

e Record in a suitable form below all of your burette readings and the volume of FA 1 added
in each accurate titration.

Keep FA 1 for use in Question 2. :
11

Final  buvelfe feadn‘wi (em® 43.50 Al-S0 .
Toitial  burelle -/eada? (enn® Ad- 00 0-00 v
f) Al ased fen? §O .
\/ ume ‘% F use /cm &I. S’O ;[' VI
v’ v VII
VIII

[8]

(b) From your accurate titration results, obtain a suitable value for the volume of FA 1 to be used
in your calculations.

Show clearly how you obtained this value. 2 [-50 + a;|.$'o . AI-5o
/ -

/
25.0cm® of FA 3 required ... .......o...ocee cm®of FA1. [1]

(c) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Calculate the number of moles of sulfuric acid present in the volume of FA1 calculated

in (b).
N = C,V

= 0-0§00 X O?I-Y__o
(00D

(ii) Balance the equation for the reaction of sulfuric acid and sodium hydrogencarbonate.
State symbols are not required.

(iii) Using your answers to (i) and (ii), calculate the number of moles of sodium
hydrogencarbonate used in each titration.

mdle {a){'r‘a NaHCOg - FoSOy

P |
x -
A2 T 1o xi0”

-3
moles of NaHCO, = ...... 01 -l §xlO ...... mol



(iv) Using your answer to (iii), calculate the mass of sodium hydrogencarbonate present in the
mass of FA 2 used to prepare FA 3.

O?S'.Dw': J-'(X'O’s'"ﬂ m = MJ’ X MY
X

(
|
410 ewm® — A ll ® 0-0015 x 84
]
|

mass of NaHCO, = .......... I-Q’ ........... g
(v) Calculate the percentage purity by mass of the impure sodium hydrogencarbonate sample,
FA 2. {
_/’.8’-‘ X 100 -40-1
Jd:- 0l
percentage purity by mass of impure NaHCO,, FA2 = ........ 90" ......... %

(vi) What did you assume about the impurities in FA 2 when you calculated the percentage
purity?

(vii) A volumetric flask was labelled 250.0 £0.10cm?.

Calculate the maximum percentage error when using this volumetric flask.

S erov = _e;i X100 - 9-10 _ xi00
V&nm! o’go' (6]
maximum percentage error = ....... 0-0%0 .. %

[Total: 16]



When baking soda is heated, carbon dioxide is produced. In this experiment you will investigate the
reaction taking place when the sodium hydrogencarbonate in baking soda is thermally decomposed.

FA 4 is baking soda (impure NaHCOQO,). Its composition is the same as that of FA 2.
(a) Method
Record all your readings in the space below.

Weigh the crucible with its lid.

Transfer all the FA 4 from the container into the crucible.

Weigh the crucible, lid and FA 4.

Calculate and record the mass of FA 4 used.

Place the crucible and contents on a pipe-clay triangle.

Heat gently, with the lid on, for approximately one minute.

Heat strongly, with the lid off, for a further three minutes.

Replace the lid and leave the crucible to cool for at least five minutes.

When it is cool, weigh the crucible with its lid and contents.

Heat strongly, with the lid off, for a further two minutes.

Replace the lid and leave the crucible to cool for at least five minutes.
When it is cool, weigh the crucible with its lid and contents.

Calculate and record the mass of residue obtained.

This residue is FA 5. Keep this for use in 2(d).

Results

mass JZ, eracible + L /3 24.00
mass ‘%’ cvueble with Ud + FAq/j 26-33

mass 4 Fay usea’/a 2-02
mass 4 crua'bl( + L\‘J-t- ycg.'obm-( Acs\a‘e] /a 36/0?

36-1t

mass 'g sesidhue /(7 |32
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[4]



(b) Calculations

Show your working and appropriate significant figures in the final answer to each step of your
calculations.

(i) Use the percentage purity by mass of FA 2 you calculated in 1(c)(v), to calculate the mass
of sodium hydrogencarbonate in the sample of FA 4 that you weighed out.

(If you were unable to carry out the calculation in 1(c)(v), assume that the percentage
purity by mass of FA 2 is 95.8%.)

A0 x 40|
00 |- 92

mass of NaHCO, in FA 4 weighed out = .....0..50. T, g

(if) Calculate the mass of impurity present in your sample of FA 4.
J:03— |.85 = O'dwog
mass of impurity = ........ 0 0900 ........ g
(iii) The impurity in FA 4 does not decompose when it is heated.
This means that the residue, FA 5, contains the mass of impurity calculated in (ii) together
with the solid decomposition product of sodium hydrogencarbonate.
Calculate the mass of the solid decomposition product.
[-2d— O-J00
mass of solid decomposition product = ’/0? .......... g

(iv) Use your answers to (i) and (iii) to calculate the mass of solid decomposition product that
would be obtained if 84.0g of pure sodium hydrogencarbonate were heated.

° % —_— l"g
-85 — T5044]
gt{.o — ){
mass of solid decomposition product = ........ 6 I'LI ......... g
(v) A student carried out the experiment by heating to constant mass and calculated that
heating 84.0g of pure NaHCO, would produce 52.3 g of the solid decomposition product.
The student then suggested the following equation for the thermal decomposition of
sodium hydrogencarbonate.

NaHCO,(s) — NaOH(s) + CO,(g)

Use data from the Periodic Table on page 12 to explain why the student’s suggestion
cannot be correct.

.}5 ..... /f {M(M'SCJ""—’J— ...... /ﬁ ewffﬁemasf ...... %/Sﬁnﬂl lecondsiton

..... P mndmeUbeéo,@g
mile hio s RS S B



(c) (i)

(i)

(d) (i)

(ii)

(iii)

(iv)

Why was the lid put on while the crucible and its contents cooled?

The experiment could be made more accurate by heating to constant mass or using a
more accurate balance. Suggest a further improvement to make the experiment more
accurate.

[2]

Pour a 1cm depth of sulfuric acid, FA 1, into a test-tube.
Add some FA 5 from the crucible to the acid in the test-tube.
Record all your observations.

Use your observation(s) in (i) to identify an anion present in FA 5.
Explain your answer.

identity &/bonafe,on/COt_ .......

Steam is one of three products obtained when sodium hydrogencarbonate is thermally
decomposed.

Use your answer in (ii) to complete and balance the equation for the thermal decomposition
of sodium hydrogencarbonate. Include state symbols.

-e)..NaHCO,(s) > ........ H,0(g) + v CO,(Q) + ... Na,.(05 (5.
State whether the balanced equation in (iii) agrees with the student’s results given

in 2(b)(v).
Show working in order to explain your answer.

ﬁom Mb” st g sesidue s(,J____) %64 :@

[Total: 14]



Qualitative Analysis
At each stage of any test you are to record details of the following.

e colour changes seen
e the formation of any precipitate
e the solubility of such precipitates in an excess of the reagent added

Where reagents are selected for use in a test, the name or correct formula of the element or
compound must be given.

Where gases are released they should be identified by a test, described in the appropriate place
in your observations.

You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.
Rinse and reuse test-tubes and boiling tubes where possible.

(@) (i) FA 6 and FA 7 are aqueous solutions.
Each solution contains one cation and one anion from those listed in the Qualitative
Analysis Notes.

Use 1cm depths of FA 6 or FA 7 in test-tubes for the following tests.
Complete the table by recording your observations.

observations

FA 6 FAT7

test

Add a few drops .
of aqueous barium no C[Wﬁe white  ppt

chloride or aqueous
barium nitrate, then

add dilute nitric acid.

o clmve ppt vemains  ingdluble
Add a few drops of . hanse
aqueous silver nitrate. white ppt ho ¢ aﬁ
Add a small spatula no yeackion %uveme ? a r: which

measure of sodium .
carbonate. Shake the 6"’"“{ white gpt with Lue

mixture. wafc/

(i) From your observations, deduce which solution, FA 6 or FA 7, has the lower pH.
Give your evidence.



(b) Choose two reagents that would allow you to identify the cations in FA 6 and FA 7.
reagents ......! ”4/ o 7\/ aOH .o and ... 41//\/% .................................

Use these reagents to test solutions FA 6 and FA 7.
Record all your observations in the space below.

obsevvations

Lects FAG FAT
To  lem depte %M"’“ add 0&6' white ppt, tumed white ppt
o dep#e g NaOH bon ov codbact it a
Hew
in excess insdluble  in  excege /jﬂaue in excess
To lew  deple ‘%Arﬂ«ff“" add 0&3‘ whife oot turmed white  pp#
L ow deplh % as, - N3 b on  coukad with  air
Hoen
in excess illble » exeecs insuble i excess

[4]
(c) Deduce the chemical formulae of FA 6 and FA 7.
FA6 .. . MaCl .
FA7 ..M CSO)s. oo
[2]

[Total: 10]



