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Module 6: Acid/Base Reactions

Topic 4.4: Titrations

Solutions

Foundation

1. In dot-point form and using the sub-headings provided below, describe the sequence of steps
required to carry out an acid-base titration where an unknown HCI solution is in the conical

flask and a standardised NaOH solution is in the burette.

(a) Preparing and filling the burette

e Rinse the burette three times with distilled water and then the titrant (NaOH).

e Fill the burette with the titrant using a funnel to the zero mark or below it.

e Clamp the burette vertically.

(b) Preparing and filling the conical flask

e Rinse the conical flask three times with distilled water. Leave the conical flask wet.

e Rinse a pipette three times with distilled water and then with the solution it is to

deliver (HCI).

e Using a pipette filler, fill the pipette with the solution that it is to deliver.

e Transfer the aliquot in the pipette into the conical flask by resting the tip of the pipette
against the inner glass and allowing it to drain under gravity.

e Add three drops of an appropriate indicator into the conical flask and then place the

conical flask under the burette.

(¢) Performing the acid-base titration

e Open the tap on the burette and slowly run the titrant into the conical flask with

continuous swirling.

e Continue to add the titrant until the indicator undergoes a permanent colour change.

e Record the volume of titrant added from the burette and then repeat the titration
several times until three concordant titres are obtained.



. In an experiment, 25.00 mL of acetic acid was titrated with a standardised 0.1200 molL*
potassium hydroxide solution. 27.50 mL of potassium hydroxide was required to reach the end
point.

(a) Write a chemical equation for the reaction between acetic acid and potassium hydroxide.
CchOOH(aq) + KOH(aq) — KCHgCOO(aq) + HQO(D

(b) Calculate the concentration of the unknown acetic acid solution.

n(KOH) = 0.1200 mol L ™! x 0.02750 L
= 3.300 x 10~ mol
n(CH;COOH) = 3.300 x 10~ mol

. 1073 |
[CH;;COOH}:SSOOX 072 mo
0.02500 L

= 0.1320 mol L. *

. Write a chemical equation for the following reactions:

(a) An unknown diprotic acid (HaX) completely reacting with sodium hydroxide solution.
HQX(aq) + 2NaOH(dq) — NagX(aq) + QHQO(l)
(b) An unknown triprotic acid (HzX) completely reacting with sodium hydroxide solution.

HgX(aq) +3 NaOH(aq) — Na3X(aq) + 3H20(1)



Development

1. A household cleaning agent contains a weak base with the formula NaX. 1.00 g of this compound
was dissolved in water to give 100.0 mL of solution. A 20.0 mL sample of the solution was
titrated with 0.100 mol L * hydrochloric acid, and required 24.4 mL of the acid for neutralisation.

What is the molar mass of the weak base?

(a) |82.0 gmol '

(b) 84.0 gmol ™’
(¢) 122 gmol ™’
(d) 410 gmol "

2. To determine the concentration of a hydrochloric acid solution, the acid was titrated with a
sodium carbonate standard solution. In this titration, the acid was in the conical flask while
the base was in the burette.

If the student rinsed the pipette used to deliver the hydrochloric acid solution with only water
before using it, what effect will this have the calculated concentration of hydrochloric acid?

(a) The calculated concentration will be unaffected

(b) The calculated concentration will be too high

)
(¢) | The calculated concentration will be too low
)

(d) More information is required to determine the effect on the calculated concentration

3. In a titration between an unknown strong base and a standardised strong acid, the following
procedure was used:

e A burette was rinsed with water and then filled with the standard acid solution.

A pipette was rinsed with some water and then with the unknown base solution.

A conical flask was rinsed with some unknown base solution.

The rinsed pipette was used to transfer 25.00 mL of the unknown base solution into the
conical flask.

An appropriate indicator was added to the base sample and it was titrated to the end
point with the acid.

Which of the following statements is correct?

(a) The calculated base concentration will be correct

(b) The calculated base concentration will be too low

)
(¢) | The calculated base concentration will be too high
)

(d) No definite conclusion can be reached about the base concentration



4. A bottle contained an unknown triprotic acid with a molar mass of 192.12 gmol *. 25.00 mL of
this acid was titrated with 0.550 molL.~* NaOH and the average titre was found to be 14.75 mL.

What is the concentration of the unknown acid?
(a) 0.520 gL

(b) |20.8 gL
(c) 62.5 gL
(d) 187 gL™!




5. A student performed a titration to determine the concentration of a phosphoric acid solution.
10.0 mL of the acid solution was diluted to 200.0 mL in a volumetric flask. A 20.0 mL aliquot
of this diluted acid was then titrated against a standardised 0.930 molL * NaOH solution to
the phenolphthalein end point. The results are shown in the table below.

Titration | Volume of NaOH used (mL)
1 224
2 21.4
3 21.2
4 21.3

(a) Briefly outline a suitable method that could have been used to standardise the NaOH
solution.

1. Prepare a primary standard solution of oxalic acid dihydrate in a volumetric flask.

2. Titrate an aliquot of the NaOH solution with the oxalic acid dihydrate primary
standard. Repeat this titration until three concordant titres are obtained.

3. Calculate the concentration of the NaOH solution.

2 marks — Briefly outlines a method which can be used to standardise NaOH

(b) Calculate the concentration of the phosphoric acid solution.

H3PO4(aq) == 3NaOH(aq) — N33PO4(aq) + 3H20(1)
(0.0214 4+ 0.0212 4+ 0.0213) L.

V(NaOH) = 3
= 0.0213 L
n(NaOH) = 0.930 mol L " x 0.0213 L
= 0.0198 mol
01 1
n(H,PO,) = 0.0 9;5 mo

= 6.60 x 10~% mol

These moles came from a 20.0 mL aliquot of the HsPO, solution.

6.60 x 10~2 mol
H.PO,| =
[H5P O, 0.0200 L

=0.330 mol L't

However, the acid solution was diluted 20-fold before the titration.

. [HsPO 4l unditutea = 20 x 0.330 mol L
= 6.60 molLL!

1 mark — Calculates the correct moles of NaOH

1 mark — Calculates the correct concentration of the diluted phosphoric acid

1 mark — Calculates the correct concentration of the undiluted phosphoric acid




6. A student determined the concentration of a HCI solution by using the following method.

1. A conical flask was rinsed with distilled water.
2. A 25.0 mL pipette was rinsed with distilled water.

3. The student filled the pipette with a standard NayCOg solution to the level shown in the
diagram.

<—Gradation mark

~<1———Sodium carbonate solution

4. The standard Na,COj3 solution in the pipette was transferred to the conical flask. The
student ensured that all of the Na,COj3 solution was transferred to the conical flask by
blowing through the pipette.

5. A few drops of methyl orange indicator was added to the conical flask.
6. A burette was rinsed with distilled water and then with the unknown HCI solution. The

student then carried out a titration to determine the concentration of the HCI solution.

During this experiment, the student made several mistakes.

(a) Identify the mistake the student made in Step 4 and propose a change to this step that
would improve the validity of his method.

The mistake in Step 4 was blowing on the pipette to ensure all the solution is transferred.
To improve the validity of the method, the student should NOT blow on the pipette
to remove the remaining solution since the pipette has been calibrated to take into
account the remaining solution. Instead, he should just allow the solution to drain into
the conical flask by holding the pipette tip against the inner surface of the conical flask.

1 mark — Identifies the mistake made by the student in Step 4

1 mark — Proposes a change to Step 4 which would improve the validity of the method

(b) Explain how the mistakes made in both Steps 2 and 3 will affect the calculation of the
concentration of the HCI solution.

In Step 2, the pipette should have been rinsed additionally with the Na,COg5 solution.
Since the pipette was left wet with water, the Nay,CO;3 solution would be more dilute
than expected. In Step 3, the student filled the pipette until the base of the meniscus
was below the calibration line when it is supposed to be directly on it. These errors
would have resulted in fewer moles of NayCOj3 being transferred to the conical flask (due
to reduced concentration and reduced volume). Consequently, a smaller volume of HCI
from the burette will be required to reach the end point and thus the concentration of
HCI will be overestimated.

1 mark — Identifies the mistakes made in Step 3 and 4
1 mark — Relates these two mistakes to a reduction of moles of NayCO5

1 mark — Explains that the concentration of the HCI solution will be overestimated




7. The concentration of hydrochloric acid in a solution was determined by an acid-base titration
using a standard solution of sodium carbonate.

A 25.00 mL sample of 0.1050 mol L ' sodium carbonate solution was added to a conical flask and
three drops of methyl orange indicator added. The mixture was titrated with the hydrochloric
acid and the following readings were recorded.

Titration | Titre (mL)
1 22.00
2 21.65
3 21.70
4 21.60

(a) Calculate the concentration of the hydroehloric acid.

2HC](.{Lq) + Na2003(aq) — 2NaCl(aq) + COQ(g) + HQO(I)

n(NapCOs) =0:1050 mol L' x 0.02500 L
= 2.625 x 107 mol
n(HCI) = 2 x 2.625 x 1072 mol
= 5.250 x 10~ mol

These moles came from an average titre of 21.65 mL (discarding the 1°° titre).

5.250 x 1072 mol

0.02165 L
= 0.2425 mol L, !

[HCI) =

1 mark — Write a correct chemical equation for the titration reaction
1 mark — Calculates the correct moles of NayCO3

1 mark — Calculates the correct concentration of the HCI

(b) Explain the effect on the calculated concentration of hydrochloric acid if phenolphthalein
is used as the indicator instead of methyl orange.

Phenolphthalein changes colour over the pH range 8.3 — 10.0, so a lower volume of HCI
from the burette will be required to reach its end point compared to methyl orange
(3.1 — 4.4). This will lead to an overestimation of the HCI concentration.

1 mark — Identifies that using phenolphthalein will cause an overestimation of the HCI
concentration

1 mark — Explain why using phenolphthalein will cause an overestimation of the HCI
concentration




8. A manufacturer makes lemon cordial by mixing flavouring, sugar syrup and citric acid. The
concentration of the citric acid is determined by titration with NaOH.

The sodium hydroxide solution is prepared by dissolving 4.000 g of NaOH pellets in water to give
1.000 L of solution. This solution is standardised by titrating 25.00 mL with a 0.1011 molL™"
standardised solution of HCIl. The average titration volume is found to be 24.10 mL.

To analyse the lemon cordial 50.00 mL of the cordial is diluted to 500.0 mL. Then
25.00 mL of the diluted solution is titrated with the NaOH solution to the phenolphthalein
endpoint.

The following data were collected during one of the analysis runs of the lemon cordial.

Titration #1 volume | 26.55 mL
Titration #2 volume | 27.25 mL
Titration #3 volume | 27.30 mL
Titration #4 volume | 27.20 mL

(a) Calculate the expected concentration of the NaOH solution using the mass data.

4.
n(NaOH) = e —7
(22.99 + 16.00 + 1.008) gmol
= 0.1000 mol
INaOH] — 0.1000 mol

1.000 L
= 0.1000 mol L™

1 mark — Calculates the correct concentration of NaOH using the mass data

(b) Calculate the concentration of the standardised NaOH solution by using the appropriate
titration data and account for any discrepancies between this value and the value calculated
in part (a).

HCl(aq) + NaOH(aq) — NaCl(aq) —+ HQO(])

n(HC1) = 0.1011 mol L' x 0.02410 L
= 2.437 x 107 mol
n(NaOH) = 2.437 x 10~ mol
2.437 x 1073 mol

NaOH| =
[NaOH] 0.02500 L
= 0.09746 mol L. !

< [NaOH] from part (a)

The standardised concentration is lower because NaOH is hygroscopic i.e. it will absorb
water as it is being weighed out, leading to a more dilute solution than anticipated.




1 mark — Calculates the correct concentration of NaOH using the titration data

1 mark — Accounts for any discrepancies between this value and the value in part (a)

(c) Calculate the concentration of citric acid in the lemon cordial.

Let citric acid be denoted by H3X since it is a triprotic acid.
H3X(aq) + 3NaOH(aq) — Na3X(aq) + BHQO(I)

(0.02725 + 0.02730 + 0.02720) L

V(NaOH) = 5

=0.02725 L

n(NaOH) = 0.09746 mol L' x 0.02725 L
= 2.656 x 10~ mol

2.656 X 10~ mol
n(H3X) = 5

= 8.853 x 10~* mol

These moles came from a 25.00 mL aliquot of the lemon cordial.

8.853 x 10~* mol
H.X] =
[HX] 0.02500 L
= 0.03541 mol L, !

However, the lemon cordial was diluted 10-fold before the titration.

. [HsX]unditutea = 10 X 0.03541 mol L'
= 0.3541 mol L. !

1 mark — Calculates the correct moles of NaOH
1 mark — Calculates the correct concentration of citric acid in the diluted cordial

1 mark — Calculates the correct concentration of citric acid in the undiluted cordial




9. A 0.2845 g sample of impure Na,CO3 was titrated against a previously standardised solution of 4
HCI. 24.65 mL of HCI solution was required to reach the end point. When a 0.2204 g sample
of pure Na,CO4 was titrated against the same HCI solution, 20.06 mL of HCI was required to
reach the end point.

Calculate the percentage by mass of sodium carbonate in the impure sample.

2HC1(aq) + NaQCO:),(aq) — 2NaCl(aq) + COQ(g) + HgO(l)

Consider the titration between the pure Na,CO3 and HCI.

0.2204 g
(2(22.99) + 12.01 + 3(16.00)) gmol *
=2.079 x 10~ mol
n(HCI) = 2 x 2.079 x 10~ mol
= 4.159 x 107 mol

n(NagCOg,) =

These moles came from a 20.06 mL solution.

4.159 x 1073 mol

HCl| =
[HCI] 0.02006 L
= 0.2073 mol L™

Now, consider the titration between the impure Na,CO5 and HCI.

n(HC1) = 0.2073 mol L ™" x 0.02465 L
=5.110 x 10~ mol

5.110 x 1073 mol
n(Na,CO;) = X - mo

= 2.555 x 107 mol
m(NayCO3) = 2.555 x 1072 g x (2(22.99) + 12.01 + 3(16.00)) gmol '
= 0.2708 g
0.2708 g
0.2845 g
= 95.20%

%Na2C03 = x 100%

1 mark — Calculates the correct moles of pure Na,COs;
1 mark — Calculates the correct concentration of the HCI solution
1 mark — Calculates the correct moles of HCI titrated against the impure sample

1 mark — Calculates the correct percentage by mass of NayCOj5 in the impure sample

—10—



10. The nitrogen content of bread was determined using the following procedure:

e A sample of bread weighing 2.80 g was analysed.
e The nitrogen in the sample was converted into ammonia.

e The ammonia was collected in 50.0 mL of 0.125 molL ™" hydrochloric acid. All of the
ammonia was neutralised, leaving an excess of hydrochloric acid.

e The excess hydrochloric acid was titrated with 23.30 mL of 0.116 mol L™ NaOH solution.

(a) Write chemical equations for the TWO reactions involving hydrochloric acid.

HCl(aq) + NH3(aq) — NH4C1(aq)
HCl(aq) + NaOH(aq) — NaCl(aq) + HQO(I)

2 marks — Writes TWO correct chemical equations (1 mark each)

(b) Calculate the number of moles of excess hydrochloric acid.

n(NaOH) = 0.116 mol L ' x 0.02330 L
=2.70 x 1073 mol
n(HC1) leftover = 2.70 x 10~* mol

1 mark — Calculates the correct moles of leftover HCI

(c) Calculate the number of moles of ammonia.

n(HCI) added = 0.125 mol L x 0.0500 L
=6.25 x 1073 mol
n(HCI) reacted = n(HCI) added — n(HCI) leftover
= 6.25 x 1077 mol — 2.70 x 10~ mol
= 3.55 x 1072 mol
n(NHs) = 3.55 x 10~ mol

1 mark — Calculates the correct moles of HCI added initially

1 mark — Calculates the correct moles of NH;




(d) Calculate the percentage by mass of nitrogen in the bread.

Each mole of ammonia contains exactly 1 mole of nitrogen.

n(N) = 3.55 x 10~ mol
m(N) = 3.55 x 107 mol x 14.01 gmol '
= 0.0497 g
0.0497 g
280 g
= 1.77%

%N = x 100%

1 mark — Calculates the correct mass of N

1 mark — Calculates the correct percentage by mass of N

11. A solution of hydrochloric acid was standardised by titration against a sodium carbonate

solution using the following procedure.

e All glassware was rinsed correctly to remove possible contaminants.
e Hydrochloric acid was placed in the burette.

e 25.0 mL of sodium carbonate solution was pipetted into the conical flask.

The titration was performed and the hydrochloric acid was found to be 0.200 mol L.

(a) Identify the substance used to rinse the conical flask and justify your answer.

affect the number of moles of Na,CO5 that will be placed into the flask.

1 mark — Identifies that the flask should be rinsed with water

1 mark — Recognises that water will not affect the moles of Na,CO3

Distilled water is used because it can remove impurities in the flask and it also does not




(b) Seashells contain a mixture of carbonate compounds. The standardised hydrochloric acid
was used to determine the percentage by mass of carbonate in a seashell using the following
procedure.

e A 0.145 g sample of the seashell was placed in a conical flask.
e 50.0 mL of the standardised hydrochloric acid was added to the conical flask.

e At the completion of the reaction, the mixture in the conical flask was titrated with
0.250 mol L ! sodium hydroxide.

The volume of sodium hydroxide used in the titration was 29.5 mL.

Calculate the percentage by mass of carbonate in the sample of the seashell.

HCI( + NaOH(aq) — NaCl( + HQO(])

aq) aq)

n(NaOH) = 0.250 mol L ™! x 0.0295 L
= 7.38 x 10=2 mol
n(HC1) leftover = 7.38 x 10~ mol
n(HC1) added = 0.200 mol L " x 0.0500 L
= 0.0100 mol
n(HCI) reacted = n(HCI) added — n(HC]) leftover
= 0.0100 mol — 7.38 x 107 mol
= 2.63 x 1073 mol

The initial reaction is:
QHCl(aq) 4F COg _(s) — 2 Cl_(aq) = COg(g) = HgO(l)

1
n(CO5) = 5 % 2.63 x 10~ mol

=1.31 x 10~ mol
m(CO5") = 1.31 x 1073 mol x (12.01 4 3 x 16.00) gmol '

= 0.0788 g

0.0788
#CO;" = 01455

= 54.3%

x 100%

1 mark — Calculates the correct moles of NaOH
1 mark — Calculates the correct moles of HCI reacted

1 mark — Calculates the correct moles of CO5

1 mark — Calculates the correct percentage by mass of CO3z

—13—



12. A student was asked to deduce the identity of an unknown precipitate that has a chemical
formula of Fe(OH), where n is a positive integer. The method used by the student used is
outlined below.

e 1.010 g of pure solid Fe(OH), was mixed with 20.00 mL of 2.000 mol L " HCL. All of the
Fe(OH), was neutralised, leaving behind an excess of HCL.

e The excess HCI was transferred into a 200.0 mL volumetric flask and then distilled water
was added until the base of the meniscus was on the engraved mark.

e A 25.00 mL aliquot of the solution from the volumetric flask was then titrated with a
previously standardised 0.1000 mol L * KOH solution. The average titre was 14.56 mL.

Calculate the value of n.

HCl(aq) + KOH(aq) — KCl(aq) + HQO(D
n(KOH) = 0.1000 mol ™" x 0.01456 L

= 1.456.x 10~ mol

n(HCI) = 1.456 x 10 mol

These moles came from a 25.00 mL aliquot.

1.456 x 1073 mol

HCI =
kg 0.02500 L
= 0.05824 mol L !

The initial reaction is:
IlHCl(aq) ot FG(OH)H(S) — FeCln(aq) + HHQOU)

The 25.00 mL aliquot that was titrated originally came from a 200.0 mL solution.

. n(HCI) leftover = 0.05824 mol L™ x 0.2000 L
= 0.01165 mol
n(HC1) added = 2.000 mol L " x 0.02000 L
= 0.04000 mol
n(HCI) reacted = n(HCI) added — n(HCI) leftover
= 0.04000 mol = 0.01165 mol
= 0.02835 mol

n(Fe(OH),) = 22100
n(Fe(OH),) = 1010 g —
(55.85 + 1(16.00 + 1.008)) gmol
0.02835 mol 1.010 g
n ~ (55.85 +1(16.00 4 1.008)) gmol *
= n=3

1 mark — Calculates the correct moles of KOH
1 mark — Calculates the correct moles of HCI leftover

1 mark — Calculates the correct moles of HCI reacted

1 mark — Calculates the correct value of n




13. The graph shows changes in pH for the titrations of equal volumes of solutions of two monoprotic
acids, Acid 1 and Acid 2.

14
12 . N
Acid 1
10 :
' Acid 2
8 :
e
6
R I PO o |
2
[
0 : . . ; |

0 10 20 30 40 50 60
Volume of KOH(ag) (mL)

(a) Explain the differences between Acid 1 and Acid 2 in terms of their relative strengths and
concentrations.

Acid 1 is a strong acid, as evident by the equivalence point being at pH 7, the low initial
pH and the steep pH rise at the equivalence point. Acid 2 is a weak acid, as evident by
the equivalence point being at pH > 7 and the higher initial pH. Acid 1 is more dilute
relative to Acid 2 as a lower volume of base was required to neutralise it.

2 marks — Explains that Acid 1 is strong while Acid 2 is weak with reference to the
titration curve

1 mark — Explains that Acid I is more dilute than Acid 2 with reference to the volume

of KOH used

(b) Name the salt produced by the reaction of an acid of the same type as Acid 2 with KOH.

Potassium acetate

1 mark — Names an appropriate potassium salt

(c) Calculate the concentration of hydrogen ions in the titrating mixture when 20 mL of KOH
has been added to Acid 1.

From the graph, when 20 mL of KOH is added, pH = 2.

S [H=10"2 molL™!
=0.01 molLL'!

1 mark — Calculates the correct [H]

—15—



(d) Why would phenolphthalein be a suitable indicator for both titrations?

Both titrations involve a reaction with a strong base (KOH), so the equivalence point
is at pH > 7. Phenolphthalein changes colour in the pH range 8.3 — 10.0 and this range
coincides with the steep part of both titration curves. The phenolphthalein end-point
will therefore accurately estimate the equivalence point of both titrations.

1 mark — Relates the colour change range of phenolphthalein to the equivalence point
or the steep portion of the titration curve

—16—



Extension (Optional)

1. A student is attempting to work out the identity of an unknown acid with a chemical formula
of H,XO3; where n is a positive integer and X is a non-metallic element which can either be
phosphorous (P), sulfur (S), carbon (C) or nitrogen (N). To determine the identity of the acid,
the student performs a series of titrations.

The student first prepares a secondary standard solution of NaOH by titrating 25.00 mL of
NaOH against a 0.09756 mol L " solution of potassium hydrogen phthalate. The average titre
was 27.25 mL. Note that potassium hydrogen phthalate is a monoprotic acid.

The student then dissolves 2.569 g of H,XOj3 in sufficient water to make a 250.0 mL solution.
This solution of H,XO5 was titrated with 25.00 mL of the standardised NaOH solution and the

average titre was found to be 16.31 mL.

Using relevant calculations, deduce the identity of the unknown acid.

Let potassium hydrogen phthalate be denoted as HA since it is a monoprotic acid.

HA (oq) + NaOH,q) — NaA o) + HyO
n(HA) = 0.09756 mol L " x 0.02725 L

= 2.658 x 107 mol

n(NaOH) = 2.658 x 10~ mol

These moles came from a 25.00 mL aliquot.

2.658 x 1073 mol
NaOH] =
[NaOH] 0.02500 L.
= 0.1063 mol L. !

HHXO3(aq) = nNaOH(aq) — NanXO3(aq) = HHQO(I)
n(NaOH) = 0.1063 mol L ™" x 0.02500 L
= 2.658 x 10~ mol

Units will now be excluded from the calculations for clarity.

2.658 x 1073
n

n(HnX03) ==

These moles of H,XO3 came from a titre of 16.31 mL.

92.658 x 10~3
H X0 =222 7
[H,X Oy 0.01631n

01630

n

17—



However, the acid solution was made by dissolving 2.569 g of the acid in 250.0 mL of water.

2,569
H,XO0,) =
n(HaXOs) = 15050 T 3(X) + 3(16.00)
2.569
H, X0y =
1 XOs) = 5350010080 + M(X) + 3(16.00))
0.1630 2.569

n 0.2500(1.008n + M(X) + 3(16.00))
Rearranging and making M (X) the subject,

M(X) = 62.04n — 48.00

The maximum possible value for M (X) is the molar mass of sulfur which is 32.07 gmol .
If n > 2, then M(X) > 32.07 gmol ' which cannot be true.

son=1
M(X) = 62.04 x 1 — 48.00
= 14.04 gmol '
= M(N)

Therefore, the unknown acid is HNOs.

7 marks — Correctly deduces that the unknown acid is HNO3 with relevant calculations

—18—




2. Amino acids are named so because they contain a basic amine group (—NH,) and an acidic
carboxyl group (—COOH).

Glycine is the simplest amino acid with chemical formula NH,CH,COOH. At different pH
levels, glycine exists in different forms and these are summarised in the points below.

e In a solution with a low pH, both the amine and the carboxyl group of glycine are
protonated so glycine exists as a cation (TNH;CH,COOH).

e In a solution with an intermediate pH, the amine group is protonated and the carboxyl
group is deprotonated so glycine exists in a zwitterionic form (TNH;CH,COO").

e In a solution with a high pH, both the amine and the carboxyl group are deprotonated so
glycine exists as an anion (NH,CH,COO").

During a university lab, a student titrated a solution of glycine with a NaOH solution, starting
from a low pH.

(a) Write TWO net ionic equations to represent the stepwise neutralisation reactions which 2
occur during the titration.

+NH30H2COOH(aQ) + OHi(aq) — +NHgCHQCOO]aq) + HQO(])
+NH3CH2C007(aq) == OHi(aq) — NHQCHQCOOYaq) + HQO(I)

2 marks — Writes TWO correct net ionic equations (1 mark each)

(b) Sketch a titration curve for a solution of glycine being titrated against a NaOH solution, 2
starting from a low pH. Label the equivalence points on the titration curve.

When a polyprotic acid in a conical flask is titrated with a strong base, the neutralisation
steps occur stepwise so there will be several equivalence points. Glycine is a diprotic

acid so there will be two neutralisation steps and two equivalence points.
A

2nd equivalence point

pH

1st equivalence point

| |

I [

v 2V
Volume of NaOH (mL)

4

—~19—



2 marks — Sketches a titration curve showing TWO equivalence points with the first
occurring at exactly half the volume of the second
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Foundation

1. State the purpose of transformers and identify the two types of transformers.

Transformers are used to either increase or decrease the voltage of electricity flowing through
a circuit. The two types are step-up and step-down transformers.

2. Label each component of the transformer below and identify the type of transformer in the top
box.

Step-Down Transformer

Iron Core

Input Current

——

Qutput Current

—

Primary
Windings

Secondary
Windings

Magnetic Flux

3. Define flux linkage and include a relevant formula in your definition.

Flux linkage is the total magnetic flux passing through the turns of a coil. It is mathematically
represented by the formula: A = N®.



4. Circle the appropriate options to represent the correct use of transformers in the following
electrical transfer.

NN —
S m — || — ==\

Power Regional Local In-home
station substation substation laptop

5. Identify which transformer is used before transmitting energy between the power station and
local substations and outline why it is used.

Step-up transformers are used because they decrease output current from a power station,
thereby decreasing power loss when transmitting to local substations (P,ss = I 2R).



Development

1. Eddy currents are a major source of energy loss in an iron core transformer.

What is one way to minimise this energy loss?

(a) |Laminating the iron core with an insulator

(b) Decrease the number of turns in the primary coil
(¢) Replace the iron core with a copper core
)

(d) Decrease the distance between the primary and secondary coils

2. A transformer changes 240 V to 24000 V.

Which of the following statements is true?
(a) Tt is a step-down transformer

(b) The primary coil has more turns than the secondary coil

)
(c¢) There is a greater current flowing through the secondary coil than in the primary coil
)

(d) | The ratio of turns in the primary coil to the secondary coil is 1:100

3. The primary coil of a transformer contains 5000 turns. The primary AC voltage is 5 x 10* V
and the output voltage is 9.9 x 10° V .

(a) Calculate the number of turns on the secondary winding.

Y
v

ng =

5000 x 990000

50000
= 99000

1 mark — Calculates the correct number of turns




(b) Given the input current is 100 A, and the secondary winding has a resistance of 2500 €2,
calculate the power loss in the secondary winding, assuming there is zero power loss in the

primary winding.

~ 5000 x 100
9.9 x 105
I,=5.05 A

Ploss = IZR
= (5.05)? x 2500
= 63769 W

2 marks — Calculates the correct secondary current

1 mark — Calculates the correct power loss

3



4. A metallic sheet enters a magnetic field which runs into the page as shown.

X X X X

v

X X X X

(a) Draw the induced eddy current on the diagram above and clearly indicate the direction of 1
the eddy current.

1 mark — Draws an eddy current with an anticlockwise direction

(b) Explain the change in motion experienced by the sheet upon entering the magnetic field. 2

Upon entering the magnetic field, the metallic sheet experiences a change in magnetic
flux, thus resulting in the production of eddy currents as predicted by Faraday’s law.
These eddy currents are produced in such a way to oppose the initial change in flux, in
accordance to Lenz’s law, thereby slowing the metallic sheet down.

2 marks — Explains that the metal sheet will slow down in terms of Faraday’s law and
Lenz’s law

(¢) Explain what would be observed if a plastic sheet was used instead of a metallic sheet. 1

Since plastic cannot conduct electricity, no eddy currents would be formed and thus the
plastic sheet will move through the magnetic field unaffected.

1 mark — Explains that the motion of the plastic sheet would not be affected




5. An early physicist patents his prototype transformer where two coils are situated in vicinity,
with one connected to a DC supply and the other to a light bulb as shown below. The switch
is initially open.

(a) Explain why the bulb lights up only for a brief moment when the switch closes.

As the switch closes, current flows through the left circuit, producing a magnetic field
around the coil. As a result, the right coil experiences a change in magnetic flux, so a
current is induced in the circuit by Faraday’s law, thus lighting up the bulb. However,
since the circuit is supplied DC current, the magnetic field produced does not change,
so no further current is induced due to a lack of flux change which causes the bulb to
quickly stop glowing.

1 mark — Explains why the bulb lights up initially

1 mark — Explains why the bulb is only lit up for a brief moment

(b) The DC supply is now changed to an AC supply.

Given that the secondary coil has half the turns of the primary coil, and that the input
current is 50 A, calculate the current flowing through the bulb.

I, n,
L n
I, 2
50 1
I, =100 A

2 marks — Calculates the correct current




6. One of the many limitations of the iron core transformer is the unwanted production of eddy

currents.

Explain the effect of eddy currents on an iron core transformer and the strategies employed to

alleviate the problem.

currents may be reduced through laminations and ferrites.

and their consequent power loss

Eddy currents decrease operation efficiency of iron core transformers. Since iron is a
conductor, the changing magnetic flux from the AC voltage induces large eddy currents

(by Faraday’s law), resulting in great resistive heating and power loss. The size of eddy

Laminations limit the size and strength of eddy currents, meaning less power loss and
heat production occurs. Ferrites are excellent for flux conduction but are poor electrical
conductors, thereby preventing almost any flow of eddy currents. Both strategies may be
employed to reduce resistive heating and increase transformer efficiency.

2 marks — Explains how eddy currents arise and why they are unwanted

2 marks — Describes and explains at least TWO strategies used to reduce eddy currents

7. An air core transformer has an input power of 500 MW and an efficiency of 33.33%.

(a) If the primary current is 300 kA, calculate the primary voltage.

Pp:vp[p
P

V, =2
L

p

500 x 106
~ 300 x 10°
= 1667 V

1 mark — Calculates the correct voltage

(b) Given the secondary voltage is 3.2 kV, calculate the secondary current.

167 x 10°

3200
= 52083 A

1 mark — Correctly calculates the current
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(¢) What is the output power if an ideal transformer with 100% efficiency was used instead?

500 MW because energy is conserved when power is transmitted in an ideal transformer.

1 mark — Identifies the output power as 500 MW

8. Identical magnets A and B are suspended above vertical copper tubes as shown in the diagram.

Magnet A Magnet B
N N
:
Copper tube — — Slotted
copper tube

The magnets are dropped simultaneously. Each magnet falls straight through its tube without
touching the tube walls.

Identify which magnet leaves the tube first and explain why with reference to relevant physics
principles.

Magnet B leaves the tube first. By letting the magnets fall through the tubes, their relative
motion results in the copper tubes experiencing a change in magnetic flux, so eddy currents
are induced by Faraday’s law. By Lenz’s law, these currents flow in such a way to minimise
the change in magnetic flux, thereby creating a magnetic field to oppose the magnets’
motion, slowing them down. However, due to the slots on the right tube, smaller eddy
currents are induced, thus reducing the overall opposing force on magnet B when compared
to A. As such, B will fall faster and leave its tube first.

1 mark — Identifies that magnet B leaves the tube first

2 marks — Explain how eddy currents arise in the copper tubes and significantly slow the
magnets down with reference to Faraday’s law and Lenz’s law

1 mark — Identifies that the slotted copper tube has smaller eddy currents and explains
their effect on B




9. A copper plate is attached to a lightweight trolley. The trolley moves at an initial velocity, 5
v, across a smooth table. There is a strong magnetic field B pointing downwards in between
positions @ and S.

B
Copper plate
Trolley LA
L O
P 0 R S T U

The dashed line on the graph shows the velocity of the trolley when the magnetic field is not
present.

On the axes, sketch the graph of the velocity of the trolley as it travels from P to U under the
magnetic field, and justify your graph.

g~~~ rend e ek e e -
Velocity
of
trolley
0
P 0 R s T U

Position of the front of the trolley

The velocity of the trolley decreases as it passes through the beginning (@)) and end (.5) of
the magnetic field because its kinetic energy is transformed into heat energy in the copper
plate. This occurs because of the flux change produced by the movement of the copper
plate as it enters and leaves the magnetic field. This induces eddy currents in the copper
plate (by Faraday’s law) that produce a magnetic field that opposes the changing flux (by
Lenz’s law) and hence produces a force that decelerates the trolley.

In the interval RS, the copper plate stays entirely immersed in the magnetic field and
experiences no change in flux; hence there is no decelerating force here. Similarly, in PQ)
and T'U, the copper plate experiences no change in flux so the velocity remains constant.

2 marks — Sketches a correct graph that is flat at PQ), RS and TU and decreasing at QR
and ST

2 marks — Explains that eddy currents arise in the Cu plate and slow it down, referencing
Faraday’s law and Lenz’s law

1 mark — Explains why there is no deceleration at RS




