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QUESTION ONE

Strontium carbonate, SrCOs, is a sparingly soluble salt. It is widely used in the ceramics
industry as an ingredient in glazes.

Ks(SrCO3) = 1.10 x 10'*° at 25°C. M(SrCOs3) = 148 g mol™.

(a) Write the solubility product expression, Ks, for strontium carbonate.

Ks=[Sr?*(ad)J[C0s% (aq)]

(b) (i) Calculate the solubility of strontium carbonate, SrCOs, at this temperature.

ABtype  s= VK. = 105 x 10 mol L

(ii) Calculate the mass of strontium carbonate that will dissolve in 150 mL of
water to make a saturated solution at 25°C.

s=105x10°mol L1 =105x10°x148 =155x103g L™

Therefore in 150 mL. 155 x 1073 x 150/1000 = 2.33 x10** g (3 sf)

(c) Explain how the solubility of strontium carbonate, SrCOs, will change if added to
150 mL of a 1.00 mol L™ hydrochloric acid solution, HCI.
Support your answer with balanced equations.
No calculations are necessary.

SrCOs(s) = Sr?*(aq) + COs*(aq).

The acid will react with the carbonate ion 2H30* + €032~ — 3H.0 + CO,
and CO; gas will be formed

Removal of CO2 means the concentration of C0s%(aq) decreases and the
equilibrium position will shift to the right (fo replace it) and the solubility will
increase.
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(d) A maximum of 0.600 g Pb(NO3s). can be added to 1.50 L of sodium bromide
solution, NaBr(aq) without forming a precipitate of lead bromide, PbBr,.

Ks (PbBrz) = 6.60 x10® at 25°C. M(Pb(NO3)2) =331 g mol L

Calculate the concentration of the sodium bromide solution.

When Q or IP = Ks then the solution will be saturated but a precipitate will
not have formed.

Q = [Pb?*(aq)] [ Br(aq)]?

n(Pb(NO3), = m/M = 0.600/331 = 1.81 x 10~ mol: this is added o 1.5 L so
the concentration of Pb>*(aq) = n/v = 1.81x10%/ 15 = 121 x 103 mol L

6.60 x10®¢ =121 x 107 x [ Br(aq)I?
Therefore [ Br(ag)]? = 546 x 1073 and [ Br(ag)] = 0.0739 mol L*
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Question Two

(a) Sodium propanoate, C;HsCOONa dissolves in water to form a weakly basic
solution. pKa (C2HsCOOH) is 4.87.

(i)  Write an equation for when sodium propanoate dissolves in water.

C2HsCOONa(s) — C.HsCOO(aq) + Na*(aq)

(ii) Write an equation to show the reaction occurring in an aqueous solution of
C2HsCOONa.

C2HsCO0(aq) + HL0(l) = C-HsCOOH(aq) + OH(aq)

(iii) List all the species present in an aqueous solution of C;HsCOONa, in order of
decreasing concentration. Do not include water.

[Na*] > [C:HsC00"] > [C;HsCOOH] = [OH] > [Hs07]
Also accept [Na*] ~ [C;H5C00"]

(b) calculate the pH of 0.0175 mol L™t C;HsCOONa solution.

Ko = [OH]? / [salf]

bk, (C;HSCOOH) is 4.87

so0 pAps (C2HsC00") is 913 and K, = 10798 = 741 x 10710

741 x107° = [OH-]? / 0.0175 so [OH] = 3.60 x 10® mol L
oH = 856
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(c) Whatis meant by the term buffer solution?

A solution which minimises changes in pH on addition of small amounts of
acid or alkali

Significant quantities of weak acid and salt (a source of its conjugate base)
are both present.

The weak acid combines with added OH" ions. The conjugate base combines
with added H30* ions.

(d) When a solution of propanoic acid is partially neutralised using sodium hydroxide
a buffer solution is made.

C2HsCOOH + NaOH — C;HsCOONa + H,0

Calculate the pH of the buffer solution formed when 15.0 mL of a 0.250 mol L*!
solution of sodium hydroxide is added to 25.0 mL of a 0.200 mol L solution of
propanoic acid.

Initial moles of C;HsCOOH = CV = 0.200 x 0.0250 = 5.00 x 107 mol

Moles of NaOH added = CV = 0.250 x 0.0150 = 3.75 x 103 mol

Moles of C;HsCOONa formed = 3.75 x 103 mol

Moles of C2HsCOOH unreacted = 5.00 x 10 - 375 x10° =125 x 1073

Total volume of buffer = 40.0 mL = 0.0400 L

Concentration of C2HsCOONa = n/v = 3.75 x 103/ 0.0400 = 0.0938 mol L™
Concentration of C2HsCOOH = n/v = 1.25 x 1073 / 0.0400 = 0.0313 mol L
pH = pKa + log [basel/[acid]

oH = 487 + log [0.09381/[0.0313] pH = 535

Note: Or can use [H301] = K, x ([acid]/[salt])
Since we need ratio acid:base or acid:salt there is ho need o convert the
mol fo concentration in either method
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Question Three

In a titration, 24.0 mL of sodium hydroxide solution was added, in 1 mL portions, to
20.0 mL of methanoic acid solution, HCOOH.

pKa(HCOOH) = 3.75

After the addition of each 1 mL, the pH was measured and recorded using a pH
meter.

e The concentration of the methanoic acid solution was 0.400 mol L.
e The concentration of the sodium hydroxide solution was 0.500 mol L™.

(a) (i) Write the Ka expression for methanoic acid.

Ka = [HCOO(aq)] [H30"(aq)]
[HCOOH(aq)]

(i) Calculate the pH of the 0.400 mol L't methanoic acid solution before the
titration starts.

K, =10P =178 x10* K, = [H30*J%/[HCOOH]
178 x10°* = [H30%1%/ 0.400 so [H30*] = 843 x 103 mol L™
pH = -log [H:0*] = 2.07

(b) Show that the volume of sodium hydroxide solution required to reach the end
point is 16.0 mL

HCOOH + NaOH — HCOONa + H20

n(HCOOH) = CV = 0.400 x 0.0200 = 8.00 x 103 mol

This will react with 8.00 x 107 mol of NaOH (as react in a 1.1 rafio)
V(NaOH) = n/C = 8.00 x 1073 / 0500 = 0.0160 L = 16.0 mL
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(c) By considering the amount of excess alkali remaining, calculate the pH of the
solution after 24.0 mL of sodium hydroxide is added.

Excess NaOH = 24.0 - 16.0 = 8.00 mL.

n(NaOH) = 0.500 x 0.00800 = 4.00 x 1073 mol

This is now in a total volume of 44.0 mL

C(NaOH) = n/V = 4.00 x 1073 / 0.0440 = 0.0909 mol L
[OH] = 0.0909 therefore pH = (12.96) 13.0

(d) (i) Sketch a graph to show how the pH changes during the titration.

S-shaped curve with kink at start. Start pH ~ 2, end pH =~ 13. pH at 8 mL
(half way to EP) will equal pKa of 3.75. Vertical region af 16 mL. centred at
pH between 8-9 (clearly at pH > 7) and should start approx. around 6 and
end around 11.

pH Curve
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(i) Using your sketch graph, justify why bromocresol green indicator (pka = 4.7)
would or would not be a suitable indicator for this titration.

Bromocresol green indicator would be unsuitable as an indicator.

The pH range of an indicator = pAa + 1 With a pAa of 4.7. the visible
colour change would be in pH range of approx. 3.7-5.7 and would
change colour at a volume well before the equivalence point.

To be suitable the range must fall in the vertical portion of the titration
curve / where pH changes sharply so you would choose an indicator
with a pKa that is closest to the pH at the equivalence point of the
fitration.
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Extra paper if required.

Write the question number(s) if applicable
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