Aspirin is a weak monopratic acid of molecular formula HCgH;Oy. In order to determine
the aspirin content of a headache tablet, an analyst ground up the tablet and dissolved it
in 25.00 mL of 0.106 mal L~ sodium hydroxide solution. After complete reaction, the
excess alkali was titrated with 0.0858 mol L1 hydrochloric acid solution, 10.33 mL. being
required.

(a) Calculate the mass of aspirin in the {ablet.

{b) The label on the packet stated that each tablet contains 300 myg of aspirin.
Comment on this clalm.

[7 Marks]



@ Naow+ i  Natx o (1)

T\N\?Ski = Ny = V= CO%@(O-@OB@M’—‘ ﬁ»‘@%xté‘*m NaOH
| )

@r%wib Mplacit e\ = Clo&j C-cm’) el = 26T %o mel Nadh

" Nyaok racked wvia agglviw; (Z-ESM€3~Q~%%M5"‘> ol Al
= 166 =SS mel NadH

Naok + B GHh04: =+ Nalalh O« O e
& Y 4 4 ()
L. mHCgﬁ'loﬁ = \-bbx((SS o<, as@fx‘w @ C}

g M agoLrun, = N
! = Q-bﬁ‘v '(\-ng) (S-Ob((. t [08'091‘8({5) ﬂb_

= 49 ga%@u\{m @

(D) iy oo~ pesbably untuin eppopaial Laceffaiahy. @

P



‘ la = /.,lgrog
W rad
mc'/—"( C.-,'”[ Ojlf

SHTW NS et o1l FW (6

kc_ﬁl(‘()': N P .
o5 & (usxis®)
= (S2swofuds

("’}‘1‘1_.03 + Ll oK _—> LA ’{_(‘-’.M\(_OTP NA-L

I~
/\(,\\‘LO_\ 701 ): A
= ‘\C/lﬁx(b 3)
= O ml,\/\
_ DNleadestry = alcou)pe k= e\ ene,
= O;:ao-l--(-(?‘S'?xcoﬂ)
= L('\?_S"Y[b"g wv?
n (NQC\(‘ QCHVZK?_JQJT} AU A£C7KLO;)
=205 xS s
AN q,C HL.OQ N = N 2.11(7&(6? = AN
= (79"~ M/ 2y
pe 4, O 2974
y ~-J
a/ ?,‘?J’r\j .
,?/c i e Oclq,? w - qu
—aomx TS e lo



m;:?\

NAME: CLASS:

INTRODUCTION

Marble is a metamorphic rock that is almost pure calcium carbonate. The following experiment was
conducted to determine the calcium carbonate content of a marble sample. An accurately weighed
sample of crushed marble was added to a measured volume of recently standardised HCI solution.
The solution was heated to drive off the evolved carbon dioxide. The remaining solution was
titrated with a recently standardised NaOH solution, using a methyl red indicator. The results
obtained are shown below.

Mass of marble sample: 1.740 g

Volume of HCI solution added: 40.00 mL

Concentration of the standardised HCI solution: 1.020 mol L-!
Concentration of the standardised NaOH solution: 0.275 mol L™
Average titre of NaOH: 25.56 mL

1 Write an equation for the reaction
of HCl with:

a CaCOs(s)

b NaOH(aq)

2 Calculate:

a the amount (in mol) of HCI
added initially

b the amount (in mol) of NaOH
used in the titration

¢ the amount (in mol) of
unreacted HCI

d the amount (in mol) of HCl
reacting with the CaCO3

e the amount (in mol) of CaCQOs
in the marble sample

f the mass (in g) of CaCQOsin the
marble sample

g the percentage by mass of
CaCOsin the marble sample.
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[ answer

The sodium hydroxide solution
used was recently standardised.
‘Why is sodium hydroxide
unsuitable as a primary standard?

Why was it necessary to drive off
the evolved carbon dioxide before
performing the titration? How
would the result be affected if this
step was ornitted?

Why was it necessary to use a
back titration for this analysis,
rather than a direct titration of the
marble with HCI solution?

How would each of the following
errors, if made during the analysis,
alter the calculated value for the
percentage CaCOs?

a The 40.0 mL pipette used to
deliver the HCI was rinsed only
with water prior {o its use.

b The burette was rinsed only
with water prior to its use.

¢ The volumetric flask was
rinsed only with water prior to
its use.

An alternative method of analysis
involves reacting the crushed
marble with excess HCI and
collecting the evolved carbon
dioxide. In one such experiment,
95.0 mL of gas was collected at a
pressure of 765 mmHg at 23°C
when 0.411 g of marble was
reacted. Determine the percentage
by mass of CaCQs in the marble
sample, based on this data.
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| Answer

8 Suggest reasons why the value
obtained by this method is smaller
than that obtzained using the back
titration.
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CaCQs(s) + 2HCl(aq) — CaCla(aqg) + Ha20(1) + COa(g)
HCl(aqg) + NaOH(ag) — NaCl{ag) + H20(1)

=2~

n(HCI) initially = ¢ x V= 1.020 x 40,00 x 10~ = 4.080 x 10~ mol
n(NaOH) = ¢ x V=0.275 x 25.56 x 10~° = 7.029 x 10~ mol
n(HC)) unreacted = n(NaOH) = 0.275 x 25.56 x 1073 = 7.029 % 10~ mol
n(HCDreacting = n(HCI) initially — n(HCl)unreacted

=4.080 x 102~7.029 x 107 =3.377 x 10~ mol

e n(CaCQ3) = —;— % n(HCl) reacting = —;‘ % 3.377 x 1072 = 1.689 mol

o PR S =

f m(CaCOs)=nxM= é- x 3,377 x 102 % 100.09=1.690 g

m(CaCOy) 100 1690 100 o, 0

g % CaCOs in marble =
m(marble) 1 1.740 1

Solid sodium hydroxide absorbs water from the atmosphere. Solid samples may therefore be
damp and therefore impure. Sodium hydroxide solutions react with carbon dioxide in the
atmosphere, decreasing the concentration of the solution:

2NaOH(aqg) + COa(g) — Na:COs(aq) + HaO(0)

COa» is an acidic oxide. It reacts with NaOH. If the CO; was not removed, more NaOH
would be required for the titration, leading to an increased value for the unreacted HCI, and
hence a decreased value for the CaCOs percentage.

Calcium carbonate is not soluble.
The carbonate ion is a weak base that gives an indistinct endpoint in a direct titration.

a This would dilute the acid. More would be required to react with the marble, giving an
increased percentage for the carbonate.

b This would dilute the NaOH, More would be required to react with the HCI, giving an
increased value for the unreacted HCL. This, in turn, would give a decreased value for the
reacting HCI, and so a decreased percentage for the carbonate.

¢ This has no effect. Flasks should be rinsed with water.

pV _ 765x101.3x95.0x10

n{CO2) =
RT 760x8.314%296
n(CaCOs) = n(CQO:2) = 0.003 936 mol
m(CaC0s) =nxM=0.003936x 100.09=0.3940 ¢
% CaCOs in marble = m(CaCO;3) x 100 _ 0.3940 o 10
m(marble) 1 0.411 |

=(.003 236 mol

0 =95.9%

Small amounts of gas may have been lost in the collection process.
Some carbon dioxide may remain dissolved in the reaction solution.

a9
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