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R

TERMINOLOGY

1.1 The relationship between current, potential difference (voltage) and
resistance at constant temperature

1.1.1 Resistance
Resistance is a measure of the opposing force which is applied to flow of charge in a circuit.

Resistance in a wire is the opposition of a wire to the flow of charge. Itis caused by collisions
between the electrons and the atoms in the wire. Motors, light globes, and heating coils
are all examples. The symbol used for resistance is R and it is measured in ohm ().
The resistance of the conductor depends on
e The type of material used
e The length of the conductor — the longer the conductor, the greater the resistance
e The thickness of the conductor — the thicker the conductor, the smaller the resistance
e The temperature of the conductor — the higher the temperature, the greater the

resistance
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1.1.2 Ohm’s Law
The current (I) through a conductor is directly

proportional to the potential difference (V) across it, Vel
provided the temperature remains constant. V' =Ix constant
V=IxR

The value %is the resistance R of the conductor

and is a constant.

potential difference
current

Resistance = In symbols: R =

1.2 Ohmic and non-ohmic conductors
Materials that obey Ohm's Law are often called ohmic conductors or linear conductors.
A graph of current versus potential difference (voltage) of an ohmic conductor is a straight

line through the origin. The gradient (%) is constant — thus the resistance is constant.

Metals and alloys obey Ohm's Law. Carbon is a non-metal that also obeys Ohm's Law. For
most other materials the resistance is not a constant and changes with the
applied potential difference (voltage). An example of a non-ohmic conductor I:

IS a tungsten light bulb.

We can easily measure potential difference (voltage) and current and then

use the data to plot current versus potential difference (voltage) graphs. S
We use a circuit represented by the accompanying circuit diagram.

The current versus potential difference graph for an Ohmic conductor is a straight line
through the origin. The straight line shows a constant ratio between current and potential
difference - Ohm’s Law is obeyed.

For a filament lamp the resistance does not remain constant, but increases as the filament
gets hotter, which is shown by the gradient getting steeper. A filament lamp does not
obey Ohm’s law.

A A A

< < <

€ = =

p Q o

5 5 5

O O O
Potential difference (V) Potential difference (V) Potential difference (V)
Ohmic conductor Filament lamp Diode

A diode only allows current to flow in one direction and only then it will only let current pass
until a certain minimum voltage has been reached. However small increases in voltage after
the minimum voltage result in large increases in current.
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2. Resistance, equivalent resistance

2.1 Calculate the equivalent resistance of series and parallel arrangements of
resistors.

Series Circuits

Resistances are arranged so that current must pass through each resistance, one after the
other — current has no choice of path. There are no branches in the circuit, and hence the
electricity can only travel in one route.

The total resistance is the sum of all the values for each individual resistor:

Rt = R1 + R2+ Rz + ...

The total resistance of a set of resistances in series will always be LARGER than the largest
value resistor.

Example
Calculate the total resistance for the circuit represented by

the circuit diagram below.

Answer: Rt = 3+6+7=16Q
7Q

30 60

Effect of adding more resistors in serises
e Total resistance increases
e Total voltage increases
e Total current decreases

Parallel Circuits

Resistances are arranged so that current has a choice of path through several resistances
— the greatest current passing through the resistance of least value and the smallest current
passing through the resistance of greatest value.

Parallel circuits are circuits which have more than one branch, or pathway which current

can travel through.
The total resistance is the reciprocal of the sum of the reciprocals of each resistor.

.

Roarallel Ry R, R
Effect of adding more resistors in parallel
e Total resistance decreases
e Total voltage is the same
e Total current increases
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Example —
Calculate the total resistance for the given circuit A
20
AAAN
Answer: e
AANN
1 1 1 1 _111
R =t —t— .. = 44 80
ol o7 Rem= 2 =11430
R 8 7

2.2 Resistance for circuits containing arrangements of resistors in series and in
parallel.

Resistance

Step 1: For each individual series path, calculate the total resistance for that path using
the series resistance formula.

Step 2: Using these values, then calculate the total resistance of the circuit using the

parallel resistance formula.

Basically, just try to break the circuit up into portions of series and parallel, then calculate
values for these portions, and use these values to calculate the resistance of the entire
circuit.

Example

Calculate the total resistance for the given circuit. ﬂl_
A ‘6\% ‘j\?\l‘—

Answer:

Resistance in path A:Ra=3+4=7Q " S o

Resistance inpathB:Rs=6+7 =13 Q

Resistance in path C: Rc=10+1=11Q 2 ANAA ANAA

1 =1+i+i ~ Rr=3,22Q
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INTERNAL RESISTANCE AND EMF

Internal resistance is the oppossion to the flow of current with the cell/ battery due its
chemical compassion.

EMF is the total energy supplied per coloumb of charge that passes through the cell.
€ = Vioad + Vinternal resistance OR €= IRext + Ir

.."'rl:qulll'-l w

V=—Ir+€ intheformy=mx+c;

A graph of V versus |

Vioad V]
N
I

slope =-r

_av
Al

Intercept on the v axis is the emf (€ ) of the cell.

POWER

Power is the rate of doing work. The unit of power is Watt (W).

w V.I.t
P = T now becomes P = T

P=V.l

Which can be developed to:
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P=VI
VZ

P=—
R

From the equation P = W/t, W=P.t or energy = power multiplied by time.
When ESCOM sells electrical energy to the consumer, the unit JOULE is too small a
unit to use, so they rather use the KILOWATT.HOUR. This is still power multiplied by
time, so it is an energy unit.
Example: If an oven of power 3 000W was run for 4h, it uses 3 kW- 4h = 12 kW-h or 12
UNITS of energy.
If this were charged out at 50c per unit: cost = 12 kW- h x 50 c. kW- h?
= 600c
=R6

WORKED EXAMPLES

The battery in the circuit diagram below has an EMF of 12 V and an unknown internal
resistance r. Voltmeter V1 is connected across the battery and voltmeter V2 is
connected across the switch S. The resistance of the connecting wires and the
ammeter is negligible.

1.1.1 Write down the respective readings on voltmeters V1 and V2 when switch S is
open

Switch S is now closed. The reading on voltmeter V1 changes to 9 V.

1.1.2 What will the new reading on V2 be?

1.1.3 Calculate the total external resistance of the circuit.
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1.1.4 Calculate the internal resistance, r, of the battery.

111 Vi=12V VY

V=12V Vv

113 1

®R_p

R(otal) =4+2v=6 Q v

1
RPN SN U SO
R, R, 12 6

p

1
—+
Rl

QUESTION 2

In the circuit represented below, the battery has an emf of 10 V and an unknown
internal resistance. Voltmeter V1 is connected across the battery and voltmeter V2 is
connected across the open switch S. The resistance of the connecting wires and
ammeter can be ignored.

3Q

2.1 Whatis the reading on V1?

2.2  What s the reading on V2?

WHEN SWITCH S IS CLOSED, the reading on v1 drops to7,5 V.
2.3  Whatis the reading on V2?

2.4  Calculate the reading on the ammeter.

2.5 Calculate the internal resistance of the battery.

(2)

(1)
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SOLUTION
2.1 10V
2.2 10V
2.3 ov
2.4
1 1 1 Ret=Ri+Rp = 1+2=3Q
—_ = v
R, R R
g1 v
6 3
Rp =20 L, Rex/ed = T v
7.5
T
I=25A

2.5 e=I(R+r)
10=25(3+r)

r=0,830Q

10
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QUESTION 3

3.1 In an experiment, learners use the circuit below to determine the internal
resistance of a cell.

The circuit consists of a cell of emf E and internal resistance r. A voltmeter is
placed across a variable resistor which can be set to known values R.

The equation used by the learners is:
1 r

1

+ JE—

V ER E
They obtain the graph below.

1 1
Graph of vversus —

R
A
2,0
B
1,5
1
VA
v (V9
1,0
0,5
OO 1 2 1 3 4 5 >
R (@)
3.1.1 Write down a mathematical relationship for the slope of the graph. (2)

11
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Use the information in the graph and calculate the:

3.1.2 Emf of the cell (2)
3.1.3 Internal resistance of the cell (3)
3.2 In the electrical circuit shown below, the battery has an emf of 6 V and an

internal resistance of 1 Q. The total external resistance of the circuit is 9 Q.

__________

R1
3.21 Calculate the current in R1 when the switch is closed. (3)

The power dissipated in resistor R1is 1,8 W. The resistance of resistor Rz is 4
times that of resistor R2. (R3 = 4R2)

3.2.2 Calculate the resistance of resistor R2. (5)
3.3 A hair dryer operates at a voltage of 240 V and a current of 9,5 A.

It takes a learner 12 minutes to completely dry her hair. ESKOM charges
energy usage at R1,47 per unit. Calculate the cost of operating the dryer for

the 12 minutes. (1 unit =1 kW-h) 4)
[18]
SOLUTION
3.1
3.1.1
Slope = L
E 1)
3.1.2
10657
E
~E=154Vv (2)
3.1.3 r_2-1v
E -1
~r=051QVv )

12
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3.2

321 Emf=IR+1v
6=1(9+1) v
AA=06AY

(3
3.2.2 P=I1°RV

1,8 = (0,6)2R1v

Ri=5Q

(5)
3.3 W = VIAt v
= (9,5)( 240)(12)(60) v
=1,64 x10%J
_ 164x10°
3,6x10°
= R0,67 or/of 67 cents v (4)

[18]

Cost x 147 4

13
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QUESTION 4

A battery with an internal resistance of 1 Q and an unknown emf (¢) is connected in a
circuit, as shown below. A high-resistance voltmeter (V) is connected across the battery.
A1 and Az represent ammeters of negligible resistance.

8Q
O T
16 Q
- ®
5]

1T
i
o

With switch S closed, the current passing through the 8 Q resistor is 0,5 A.

4.1 State Ohm's law in words. (2)
4.2 Calculate the reading on ammeter Ai. (4)
4.3 If device R delivers power of 12 W, calculate the reading on ammeter Ax. (5)
4.4 Calculate the reading on the voltmeter when switch S is open. 3)
[14]

14
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SOLUTION

4.1  The potential difference across a conductor is directly proportional to the current
in the conductor at constant temperature. (provided temperature and all other physical
conditions are constant OR

Ratio of potential difference to current is constant at constant temperature

Accept

The current in a conductor is directly proportional to the potential difference across the

conductor at constant temperature. (provided temperature and all other physical
conditions are constant)

4.2

OPTION 1
V=IRvV

Vg = (0,5)(8)v =4V

OPTION 2
V=IRY

Vg =(0,5)(8) v =4V

Vs =Vis
Vie=4V 1 1 N 1
v R R, R,
lis= —=—=0,25 A
R 16 > 11
_1.1
8" 16
low = A1 = (0,5 + 0,25) v = 0,75 Av R=533Q
L
tot// = 5’33
A1=0,75 AV
OPTION 3 OPTION 4
[1R1 = I2R2v 2Rsa = R1saY’

(0,5)(8) = 116(16) v

o= 80D _ o5 A
16 )

lowr = A1 =(0,5 + 0,25) v'= 0,75 AV

s IR1e =Y Irg v
~lr16 =% (0,5) = 0,25 A

R

A1=(0,5+0,25) v = 0,75 AV

15
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OPTION 1
V=IR

V20a =( 0,75) (W

Virot=(15+4) v =19V
VkR =19 V;

P=VIv
12 =9 v
IR=A2=0,63 AV

OPTION 2
1 1 1

11
—_=—4 = — 4+ —
R R R, 8 16

Ry =5,33 Q>

Ry + R20 = (5,33 + 20) v = 25,33Q
Virot = 1 (R + R20)
= (0,75)(25.33)

=19V
P=VI >

12v = 1(19) v
IrR=A2=0,63 AV

OPTION 3
V=1IR

V20a =(0,75) (20) v =15V
Vitot = (15 + 4) v €19V
Vkr =19 V;
2
P = V_ >
R

_ 19y
R
R =30,08 Q
P = 2RV
12 = 12(30,08)v
| =0,63 AV

12

OPTION 1

(e)=IR+nVv
= Vintot + Vint
=19 + (0,75 + 0,63)(1) v
=20,38 Vv

OPTION 2
Vint = Ir
(0,75 + 0,63)(1)v
=1,38V
€= Virot + Vint v
=19+1,38
=20,38V VY

16

(5)

(5)

(5)

3)
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QUESTION 5

5.1 In the circuit below the battery has an emf (¢) of 12 V and an internal resistance
of 0,2 Q. The resistances of the connecting wires are negligible.

100Q
150
e C
S a ¢ d
b
r T T T T T T T
| e=12V |
mll 020 |
| |
 _______]
5.1.1 Define the term emf of a battery.
5.1.2 Switch S is open. A high-resistance voltmeter is connected across

points a and b.
What will the reading on the voltmeter be?

5.1.3 Switch S is now closed. The same voltmeter is now connected
across points ¢ and d.
What will the reading on the voltmeter be?

When switch S is closed, the potential difference across the terminals of the
battery is 11,7 V.

Calculate the:
514 Current in the battery
5.1.5 Effective resistance of the parallel branch

5.1.6 Resistance of resistor R

17

(@)

(1)

1)

3)
(2)
(4)
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5.2 A battery with an emf of 12 VV and an internal resistance of 0,2 Q are connected
in series to a very small electric motor and a resistor, T, of unknown resistance,
as shown in the circuit below.

The motor is rated X watts, 3 volts, and operates at optimal conditions.
1
L
Electric motor
s ®
® T0,4 m-s?
r T T T T T T é
| -
| e=12V i 0.35 kg
—|I| 020 |
| |
| |
 _______]
When switch S is closed, the motor lifts a 0,35 kg mass vertically upwards at a
constant speed of 0,4 m-st. Assume that there is no energy conversion into
heat and sound.
Calculate the value of:
5.2.1 X
5.2.2 The resistance of resistor T
SOLUTION

5.1.1  (Maximum) energy provided (work done) by a battery per coulomb/unit charge
passing through it. v'v'(2 or 0)

5.1.2 12 (V)v

513 0(V)/ZeroVv

514 ¢e¢=|(R+r) }\/
€ = Vext + Vint
12 =11,7 +Ir
0,3 = It(0,2) v
ot =15A Y
OR
V = IR v (Accept/Aanvaar: Viost = Ir)

0,3 = It(0,2) v
ltot = 1,5 AV

18

(5)
[21]

(2)
(1)
(1)

3)
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OPTION 1/OPSIE 1 OPTION 2/OPSIE 2

1 1.1 R - RR,

R, . R, v Any one I R, +R, v'Any one
1 :i 1 _ (10)(25)

R 10 15 ~ 10+15

R=6QV =6QV
OPTION1

OR
V=IRV V=IRV
11,7v=156+R) v 11,7=15RV
R=18QVv R=7,80Q
Rr=7,8—-6 v (for subtraction)
=18QV
OPTION 2 OPTION 3
e=I(R+r) v Vi= IRy
12=15(R+0,2) v =(6)(1,5) ¥
R = 7,§ Q =9V
Rr=7,8—-6 v (for subtraction) VR=IR Y
=18QVv (11,7-9)=(15RYV
R=18Qv

Paveligemid = FVave/gemid V= mg(Vave/gemid)
=(0,35)(9,8)(0,4)v

=137 WY

OR

b= Wae /o AECTAE, _ 0+(035)98)(04-0) ,_ 37\,
At At 1

OR

E
P — ﬂ‘/: _p: (0)35)(918)(014) ‘/: 1’37 W ‘/

At At 1

19

(2)

(4)

3)
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OPTION 1 OPTION 2
P =VI \/2
1,37 =(3)I v = R
'=040A v'Any one 32
1,37= — v'Any one
€ =Vext + Vint i
= V71 + Vx + Vint R=6,57Q -
12 =V1+3+(0,2)(0,46) v
V=891V P =V
1,37=(3)I v
VT =IRT 1=0,46 A
8,91 = (0,46)RT vV
Rt =19,37 Qv e=I(R+r)
12 =0,46(6,57 + RT+0,2) v
=19,38Q v
OPTION 3
P=VIV
1,37=(3)I v
=0,46 A

Ptot = Pr + Pmotor + P1

(12)(0,46)v" = (0,46)%(0,2) + 1,37 + (0,46)?Rt v/

Rr=1941 Qv

OR
P=VIv

137=3) Vv
1=0,46 A

Ptot = Pr + Pmotor + Pt

(12)(0,46) = (0,46)%(0,2) + 1,37 + Pt v

Pr=4,07W

P=I?R
4,07 = (0,46)°Rt v
RT=19,49Q v

(19,33 Q - 19,49 Q)

OPTION 4/OPSIE 4
P=VI

1,37=3) v
|=0,46 A

v'Any one

e=I(R+r)
12 = (0,46)(R +0,2) v

20




:;7“ ;;-‘«{fl’rovmce of the
3\@ VEASTERN CAPE

R=25,87 Q

 —

V=IR

3=(0,46)RV
R=6,52Q

Rt =25,87 -6,52
=19,35Q Vv

P=I°R

1,37 = (0.46)2Rv
R=6,47 Q

Rt =25,87-6,47
=194QVv

2
Pmotor = V_
R
32
R=6,56 Q
Rt = 25,87 — 6,56
=19,31Q v

21
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TYPICAL EXAM QUESTIONS
QUESTION 1 MULTIPLE CHOICE QUESTIONS

1.1 The diagram below shows a cell of emf ( € ), and two resistors, R1 and Rz, in
series, with R1 < R2. The cell has negligible internal resistance and the

voltmeters have very high resistances.

£

R1 R2
@ ©

Which ONE of the following is CORRECT?

v, V v? %6
A Vi=Ve=g¢ B V1>V C === D —>-2 (2)
Ri R, R, R,

1.2  Three identical light bulbs are connected in a circuit as shown below. The
resistances of the battery and connecting wires can be ignored.

in =9
T XD O D G

S

Which ONE of the following statements is CORRECT when switch S is closed?
The readingon Vi is ...

A half that on V2. B equal to that on V2.

C twice that on V2. D three times that on V. (2)

1.3  Three light bulbs, X, Y and Z with resistances R, 2R and R respectively, are
connected in a circuit as shown below. The battery has negligible internal
resistance.

il L

T x O3 O 2 X
& ~

O
O

22
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When switch S is closed, all the bulbs light up. The reading on ammeter A'is 2,5 A.

Which ONE of the following correctly describes the readings on the ammeters (in

amperes) when bulb Z burns out?

A 4 Ao As A
A 1.25 1.25 8] 2.5
B 1.6 0.8 0.1 2.5
C 0.75 0.75 1.5
D 1 0.5 8] 1.5

)

1.4  The four resistors P, Q, R and T in the circuit below are identical. The cell has

an emf € and negligible internal resistance. The switch is initially CLOSED.

Switch S is now OPENED. Which ONE of the following combinations of

changes will occurin P, R and T?

CURRENTINP CURRENT IN R CURRENTINT
A Decreases Remains the same Decreases
B Increases Remains the same Increases
C Increases Increases Increases
D Decreases Increases Decreases
(2)

23
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Consider the circuit diagram below.

I =, 1

| Ro |

[ R e

Which ONE of the following correctly describes the change in total resistance and

total current when switch S is closed?

TOTAL RESISTANCE TOTAL CURRENT
A Decreases Decreases
B Increases Increases
C Decreases Increases
D Increases Decreases

2
Two resistors of equal resistance are connected in SERIES to a battery with
negligible internal resistance. The current through the battery is I.
When the two resistors are connected in PARALLEL to the same battery, the
current through the battery will be ...
A wl. B l. C 2. D 4 (2)

Learners investigate the relationship between current (I) and potential difference
(V) at a constant temperature for three different resistors, X, Y and Z.

They obtain the graphs shown below.

The resistances of X, Y and Z are RX, RY and RZ respectively.

| (A)
-<

Z

[
»

. _ V (V). . .
Which ONE of the following conclusions regarding the resistances of the
resistors is CORRECT?

24
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A Rz > RY > Rx B RX=RY =RZ
C RX>RY >RZ D RX>RY and RY <RZ (2)
QUESTION 2

Two identical cells, EACH with an emf of 1,5 V and an internal resistance r, are connected
in series with each other and to the resistors as shown below.

40
—r/.——
s
10
N
A
_/
2.1  Define, in words, the term electromotive force (emf) (2)
2.2  When switch S is closed, the potential difference across the 4 Q resistor is 2,8 V.
2.2.1 Calculate the total current in the circuit. 4)
2.2.2 Calculate the internal resistance r of EACH cell. 5)

QUESTION 3

3.1 A group of learners conduct an experiment to determine the emf (E) and internal
resistance (r) of a battery. They connect a battery to a rheostat (variable resistor),

a low-resistance ammeter and a high-resistance voltmeter as shown in the diagram
below. The data obtained from the experiment is displayed in the table below.

_____ ¢ ] ls

/
3.1.1 State ONE factor which must be kept constant during the experiment. (1)
3.1.2 Using the information in the table above, plot the points and draw the line of best
fit on the attached GRAPH SHEET. (3)

25
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READING ON READING ON
VOLTMETER (V) ANMMETER (A)
2 0,58
3 0,46
4 0,36
5 0,24
6 0,14
Use the graph drawn in QUESTION 3.1.2 to determine the following:
3.1.3 Emf of the battery € (1)
3.1.4 Internal resistance of the battery (3)

3.2  Three electrical devices, X, Y and Z, are connected to a 24 V battery with internal
resistance r as shown in the circuit diagram below. The power rating of each of the
devices X and Y are indicated in the diagram.

With switch S, closed and S, open, the devices function as rated.

Calculate the:
3.2.1 Currentin X (3)
3.2.3 Resistance of Y (3)

26
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QUESTION 4

In the circuit represented below, a battery of emf 30 V and unknown internal resistance r
are connected to resistors, as shown. Ignore the resistance of the ammeter and the
connecting wires.

S e S |

50
80

The current passing through the 10 Q resistor is 0,6 A.
Calculate the:

4.1  Equivalent resistance of the two resistors in parallel (3)
4.2  Current through the 8 Q resistor (3)
4.3 Internal resistance of the battery (5)
QUESTION 5

A battery of an unknown emf and an internal resistance of 0,5 Q is connected to three
resistors, a high-resistance voltmeter and an ammeter of negligible resistance, as shown

below.

O

4 Q 80
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The reading on the ammeter is 0,2 A.

5.1 Calculate the:
5.1.1 Reading on the voltmeter
5.1.2 Total current supplied by the battery
5.1.3 Emf of the battery

5.2 How would the voltmeter reading change if the 2 Q resistor is removed from the
circuit? Write down INCREASE, DECREASE or REMAIN THE SAME. Explain

the answer.

QUESTION 6
Learners want to construct an electric heater using one of two wires, A and B, of different

resistances. They conduct experiments and draw the graphs as shown below

Graph of V versus | for resistors A and B

V (volts)

o 0.2 0,4 0.6 0.8 e 1,0 "
6.1.1 Apart from temperature, write down TWO other factors that the learners should
consider to ensure a fair test when choosing which wire to use.
6.1.2 Assuming all other factors are kept constant, state which ONE of the two wires will
be the most suitable to use in the heater.

Use suitable calculations to show clearly how you arrive at the answer.

28
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In the circuit below the reading on ammeter A is 0,2 A. The battery has an emf of 9 V and

internal resistance r.

e

110Q

1
)

6.2  Calculate the current through the 5,5 Q resistor.

6.3  Calculate the internal resistance of the battery

QUESTION 7

7.1 A group of learners conducts an experiment to determine the internal
resistance of a battery. They connect the battery to a rheostat, an

ammeter and a voltmeter as shown in the diagram below.

____________
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The data obtained are shown in the graph below.

Graph of potential difference versus current

V(V) &

6,0

4,0

2,0

0 0,2 0,4 0,6 0,8 1,0 1,2 1I(A)

7.1.1 Explain the purpose of the rheostat. (2)
7.1.2 Name the independent variable in the experiment. (2)
7.1.3 What is the value of the emf of the battery? (2)
7.1.4 Calculate Vinemal if the current in the circuit is equal to 0,8 A . (2)

7.2  Three resistors and an electrical device are connected to a 30 V battery with

internal resistance r as shown in the circuit diagram below. The ammeter has a reading of

2 A.
emi=30V__,
o
!
20 o
_@7 60 12 W
. 60

30



’ JENN ?‘@fﬁ EASTERN CAPE
J Training ond Consultancy(PlyjLid R - EDUCATION

7.2.1 Define the term emf of a battery. (2)
7.2.2 Calculate voltmeter reading V1. (8)
7.2.3 Calculate the internal resistance of the battery. 3)

7.2.4 An additional resistor is connected at position X as indicated in the diagram. How
will voltmeter reading V1 be affected? Write down only INCREASE, DECREASE or
STAYS THE SAME.

Give an explanation for your answer. 4)
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ELECTRICAL MACHINES
FORMULAE

ALTERNATING CURRENT

I:)ave: Vrmslrms / Pgemiddeld: ngklwgk
| — Imax / | = Imaks
ms \/E wg \/E
F)avez Ir2msR / I:)gemiddeld= |€ngR
\ V
Vrms — __max / Vw — _ maks 2 Vv
V2 * o |p=Yms o p o Ve
ave R gemiddeld R

TERMINOLOGY
MOTOR EFFECT

There is a magnetic field a round all current carrying conductors

Out of page Into page

The direction of the magnetic field is given by Fleming left hand gripe/ right hand rule.

Place a current carrying conductor between two magnets.
The current currying conductor experiences a force, due to interaction between the
magnetic field due conductor and magnetic field due to the magnet

N—?g—s

F
This effect/ principle is called the motor effect. It is through this principle that we get motors

used in CD players, fans radios
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Fleming'’s left hand rule (motor)
' Force
s 1N
s R <

—
<3 Magnehic
\f;o,i-d

Current

Right hand rule

§A -v-A-.? Province of the
Pl EAS TR care

If the right hand is stretched out with the four fingers pointing in the direction of the magnetic

field and the thumb pointing in the direction of the convectional current, the perpendicular

direction away from the palm of the hand will give the direction of the force experienced by

the conductor.

I\I—?Q—S

F

DC motors

Motor converts electrical energy into mechanical energy.

Rotation

N
Briish [ A /) 13911

7

77
= 7
*/_/ Split ring commutator

Direct current

The split ring commutator serves as a change switch that reverses the current

after every half revolution. ( ensures continueous rotation of the coil)

commutator.

The brushes maintain electrical contact between the battery and the turning

The current in the coil flows through the magnetic field in the opposite direction.
The coil will therefore turn clockwise until it is vertical.
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by the brushes and the current is therefore short-circuit for a moment through the
commutator, and no current flows in the coil.

The momentum of the coil carries it past this position.
As soon as the coil passes the vertical position, each one of the brushes makes

contact with the other commutator segment.

turning.

The force experienced by the coil can be increased by

1. Increasing the number of turns on the coil

2. Increasing the current in the coill

3. Increasing the strength of the magnets
AC motors

The direction of the current in the coil is therefore reversed and the coil continues

After every half revolution the current through the coil is reversed and in this way
the coil continues turning clockwise.

An AC motor is very similar to a DC motor, except that the split ring commutator is

replaced by a slip ring commutator and the current is now an alternating current and

not a direct current.
ELECTRIC GENERATORS

Use steam, gas,wind or water to turn the turbine.

Turbines turns a coil relative to the magnetic field .

Emf is induced a cross the ends of the coil.

Generators operate on the principle of electromagnetic induction.

Convert mechanical energy to electrical energy.

Electromagnetic induction

Faraday’s law

induced
current
direction

coil with N
turns and cross-
sectional area,
A

0000000000

&,

magnetic field, B
moving to the left.

For current to be generated, there must be relative motion between the magnet and the

coil.
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The emf induced in the coil is directly proportion to the rate of change of magnetic flux.

The magnitude of the induced emf depends on the following
1. Number of turns on the coil
2. The relative speed at which the coil and magnet move
3. Strength of the magnetic field.
THE AC GENERATOR
The principle of rotating a conductor in a magnetic field is used in electrical generators.

A generator converts mechanical energy into electrical energy.

N = North Pole magnet

S = South Pole magnet

A = slip ring commutators

B = carbon brushes

The coil is connected to slip ring commutators.

The commutators make contact with the carbon brushes, which ensures that the current
can flow.

As the coil rotates in the magnetic field, it experiences an induced emf.

According to Fleming’s Right Hand Rule, an induced current will now flow.

The induced current changes in magnitude and direction as the coil is turned in the
magnetic field. of the coil. Each slip ring is connected to one end of

the coil. The slip ring commutator is continuously in contact with the brushes. The
induced emf moves in an alternating direction. It starts from zero to a maximum,

returns and moves past zero to a minimum, and back to zero according to the

following graph:
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v /\ A
(V)

v t(s)
Right hand rule

If the right hand is stretched out with the four fingers point in the direction of the magnetic

field and the thumb pointing in the direction of motion of the coil, the perpendicular
direction away from the palm of the hand will give the direction of the induced current in
the coil.

DC generators

A simple DC generator is constructed in the same way as an AC generator except that
the slip ring commutator is now replaced by a split ring commutator. The split ring
commutator only allows current to flow in one direction. A DC generator is actually the
same as the DC motor explained above. However, the

current-carrying conductor inside the magnetic field is now turned mechanically, and
the output on the brushes is an emf induced onto the conductor. The current
generated moves in one direction but generally increases from zero to a maximum,

and then drops back to zero according to the following graph:

\%
(V)

t(s)

Difference between a DC motor and AC generator

DC Motor AC generator

Energy conversation Electrical to mechanical | Mechanical to electrical
energy energy

Connection Split ring commutator Slip ring

Current Input Out put

Principle Motor effect Electromagnetic induction
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ALTERNATING CURRENT (AC)

In alternating current circuits, both the potential difference and current continuously
fluctuate between positive and negative maximums over a period of time. The graphs below
show how this occurs.

g +Vmax __________________________
@
(&)
c
)
—
2 time (s)
= 0 '
8
e
=
)
o
3
-V

max

<

=

o )time (s)

3

If we took an average voltage or average current, this will equal to zero since the values of
the graphs above the axis are exactly equal to the values below the axis.

To overcome this problem, we square the values making them positive and then divide by
2 and then take the square root. This is called the root mean square (rms). This special

average is shown on the graph as dotted line.

P = Imax.Vmax

1
Pave == P
2

1
Pave = E |max-Vmax
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2 V2
Pave = lms.Vims................ i
Pave :|2rmsR...............iii

In most of south African households, the voltage delivered across the terminals of a wall

plug is 220Vand frequency of 50Hz. This is the rms value that appliances operate on. It’s

not the maximum value.

Root mean square value: It is the value of the voltage in a DC circuit that will have the same

heating effect as an AC circuit.

Easier and cheaper to convert from AC to DC

It can be transmitted at high voltage over long distance with minimum energy lose
Higher frequency used in AC makes it suitable for motors.

Much more power can be generated from AC than DC.

AC can be stepped up or down using transformers
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TYPICAL EXAM QUESTIONS
QUESTION 1 MULTIPLE CHOICE QUESTIONS
1.1In the diagram below a conductor situated between two magnets is carrying current out

of the page.

I
N Il @IV S

The direction of the force exerted on the conductor is towards:
A I B 1 C 11 D v (2)

1.2  The coils of an AC generator make one complete rotation. The resulting graph for

the output emf is shown below.

\/ "

The position B on the graph is obtained when the plane of the coil is at an angle of

A
B

emf
V)

... to the magnetic field.
A 0° B 60° C 90° D 120° (2)
1.3 A DC current passes through a rectangular wire loop OPQR placed between two

pole pieces of a magnet, as shown below.

Which TWO segments of the loop will experience an electromagnetic force when the

loop is in the position above?
A OPand PQ B QRandR C OPand QR D RO and OP (2)
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Which ONE of the following changes may lead to an increase in the emf of an AC
generator without changing its frequency?

A Decrease the resistance of the coil. B Increase the area of the coil.
C Increase the resistance of the coil. D Decrease the speed of rotation.
Graph P represents the output emf of an AC generator. Graph Q is the output emf

after a change has been made using the SAME generator.

1.6  The speed of rotation of the coils in an AC generator is increased. Which ONE
of the following combinations of frequency and output voltage for the
generator will occur as a result of the change?

FREQUENCY OUTPUT VOLTAGE
A Increases Increases
B No change Increases
C Decreases Decreases
D Increases No change

1.7 A DC generator operates at 80 Hz. The number of times the output voltage
reaches a maximum in 1 second is ...
A 40. B 80. C 120. D 160 (2)
1.8 A lamp connected to an AC supply lights up with the same brightness as it
does when connected to a X volt DC source. The power dissipated by the

lamp, is equal to ...

1 Imax (X)I
A S(me) BT C e D (X(Imax). (2)
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QUESTION 2

2.1

2.2

A simplified diagram of an AC generator is shown below. The direction

of the current in the coil is from b to a.

2.1.1 In which direction is the coil being rotated?
Write only CLOCKWISE or ANTICLOCKWISE.

2.1.2 A maximum voltage is generated if the coil moves through the
position indicated in the diagram above. Give an explanation
for this observation.

2.1.3 Starting from the position shown in the diagram above, sketch
a graph of output voltage versus time for one complete cycle
of the coil.

2.1.4 State ONE way in which the generator shown above can be
used to produce a higher output voltage.

2.1.5 Give ONE advantage for the use of alternating current.
An electric fan with a power rating of 80 W is connected to an AC

source which produces 7 A maximum current. Calculate the
resistance of the fan.

(1)

(2)

(2)

(1)
(1)

(5)
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QUESTION 3
The diagram below shows a coil that is rotated through a magnetic field.

Name the principle demonstrated in the above diagram?

B
e
N[ AR {®C
Q
D

231.2 The maximum emf is generated at position A of the rotation cycle. Give an
explanation for this observation. (2)

3.1.3 Name one structural difference between a DC and AC generator. (2)

3.1.4 Use the positions indicated in the diagram above and sketch a graph of current
versus position for one complete rotation of a DC generator. (Indicate the positions A, B,
C and D on the graph.) (4)
3.2 When an AC supply is connected to a lamp, it lights up with the same brightness as it
does when connected to a 18 V battery (DC source). The power dissipated by the lamp is

equal to 60 W.

3.2.1 What is the rms voltage of the AC supply? (1)
3.2.2 Calculate the peak current delivered by the AC source. 5)
QUESTION 4

A part of a simplified DC motor is shown in the sketch below.

4.1.1 In which direction (a to b, OR b to a) is the current flowing through the coil if the
coil rotates anticlockwise as indicated in the diagram?
4.1.2 Name the rule you used to answer QUESTION 4.1.1.
4.1.3 Which component in the diagram must be replaced in order for the device to

operate as an AC generator?
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4.2 An electrical device of resistance 400 Q is connected across an AC generator that
produces a maximum emf of 430 V. The resistance of the coils of the generator can be
ignored.

4.2.1 State the energy conversion that takes place when the AC generator is in
operation.

4.2.2 Calculate the root mean square value of the current passing through the resistor.

QUESTION 5

The output potential difference of an AC generator is 100 V at 20 Hz. A simplified
diagram of the generator is shown below. The direction of the current in the coil is from
atob.

In which direction is the coil rotating? Write only CLOCKWISE or ANTICLOCKWISE.
5.1.2 Starting from the position shown in the diagram, sketch a graph of the output
potential difference versus time when the coil completes TWO full cycles. On the
graph, clearly indicate the maximum potential difference (100 V) and the time taken to
complete the two cycles.

5.1.3 State ONE way in which this AC generator can be used to produce a lower
output potential difference.

5.2 An electrical device is rated 220 V, 1 500 W.

Calculate the maximum current output for the device when it is connected to a 220 V
alternating current source.

QUESTION 6

A simplified diagram of a DC generator and a graph of its output potential difference for
one cycle is shown below.

Time'(s)

output

Potential difference (V)

&
<«

6.1 Write down ONE way in which the output of this generator can be increased. Q)
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A specific change is made to the structure of the DC generator in QUESTIONG.1 above.
As a result of this change the output potential difference obtained is shown below..

6.2

6.3

6.4

A
R A T
2
]
(&)
c
o
o2 >
5 Time (s)
o
c
L
&g P
v
Write down the change that was made to the DC generator. (1)

Copy graph P into your answer book.

On the same axes, sketch the graph of the output potential difference that will
be obtained when the new generator is rotated at TWICE its original speed.

Label this graph as Q. (2)

A certain generator operates at a maximum voltage of 340 V. A 120 W
appliance is connected to the generator. Calculate the resistance of the

appliance.

(4)
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QUESTION 7
The diagram below represents a simplified version of an electrical machine used to light

up a bulb.

= P R
_{)\commutator

7.1 Name the principle on which the machine operates. (1)
7.2 State ONE way in which to make this bulb burn brighter. (1)

Some changes have been made to the machine and a new device is obtained as shown
below.

brushes

7.3 Name part X in the new device. (1)

7.4 The graph of output emf versus time obtained using the device in
QUESTION 7.3 is shown below.

46



’ Training and Consultancy(

e Province of the
(Pty)Lrd

SYEASTERN CAPE

o, e EDUCATION
A
339,45 —-
S
|5
© >
v
7.4.1 Define the term root mean square value of an AC voltage. (2)
7.4.2 Calculate the rms voltage. (3)
[8]
QUESTION 8
8.1

A teacher demonstrates how current can be obtained using a bar magnet,

a
coil and a galvanometer. The teacher moves the bar magnet up and down, as
shown by the arrow in the diagram below.

galvanometer

coi

8.1.1

Briefly describe how the magnet must be moved in order to obtain a
LARGE deflection on the galvanometer.

(2)
The two devices, A and B, below operate on the principle described in
QUESTION 8.1.1 above.
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8.1.2 Write down the name of the principle. (1)
8.1.3 Write down the name of part X in device A. (1)
8.2 A 220 V, AC voltage is supplied from a wall socket to an electric kettle of

resistance 40,33 Q. Wall sockets provide rms voltages and currents.

Calculate the:

8.2.1 Electrical energy consumed by the kettle per second (4)
8.2.2 Maximum (peak) current through the kettle 3)
QUESTION 9
9.1 A generator is shown below. Assume that the coil is in a vertical position.

SR P
9.1.1 Is the generator above AC or DC? Give a reason for the answer. (2)
9.1.2 Sketch an induced emf versus time graph for ONE complete rotation

of the coll. (The coil starts turning from the vertical position.)

(2)

9.2 An AC generator is operating at a maximum emf of 340 V. It is connected
across a toaster and a kettle, as shown in the diagram below.

The toaster is rated at 800 W, while the kettle is rated at 2 000 W. Both are
working under optimal conditions.

Eenerato-r—>@ *

toaster
kettle

800 2 000
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Calculate the:

9.2.1 rms current passing through the toaster (3)
9.2.2 Total rms current delivered by the generator (4)
QUESTION 10

10.1 A simplified sketch of an AC generator is shown below.

/W / Coll

/A

Pole piece of magnet

To external circuit

The colil of the generator rotates clockwise between the pole pieces of two
magnets. At a particular instant, the current in the segment PQ has the direction
shown above.

10.1.1 Identify the magnetic pole A.
Only write NORTH POLE or SOUTH POLE. Q)

10.1.2 The coil is rotated through 180°.

Will the direction of the current in segment PQ be from P to Q or Q
to P? ()

10.2 An electrical device is connected to a generator which produces an rms
potential difference of 220 V. The maximum current passing through the device
is 8 A.
Calculate the:

10.2.1 Resistance of the device (5)

10.2.2 Energy the device consumes in two hours (5)
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QUESTION 11

11.1 The output potential difference of an AC generator is 100 V at 20 Hz. A simplified
diagram of the generator is shown below. The direction of the current in the coil is from a

tob

In which direction is the coil rotating? Write only CLOCKWISE or ANTICLOCKWISE. (1)

11.1.2 Starting from the position shown in the diagram, sketch a graph of the output
potential difference versus time when the coil completes TWO full cycles. On the graph,
clearly indicate the maximum potential difference (100 V) and the time taken to complete

the two cycles. 3)

11.1.3 State ONE way in which this AC generator can be used to produce a lower outpu
potential difference. (1)

11.2 An electrical device is rated 220 V, 1 500 W.

Calculate the maximum current output for the device when it is connected to a 220 V

alternating current source.

t
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Vinax = 6.22 x 10° m/s

550 nm
700 nm 400 nm
Vina = 2.96 % 105 m/s /

No electrons
ejected ;

Metal

MOVING BEYOND THE LIMITS, SETTING THE STANDARD AND
LEAVING NO CHILD BEHIND
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PHOTOELECTRIC EFFECT
FORMULAE

WAVES, SOUND AND LIGHT

v="FfA TZE
f
viv viv
f = L £, f = S E=hf or/of E:h—C
Vv, vViv, A
E=W, + Eyay Orfof E=W, + K, where
E=hf andW, =hf, and E,., = %mvﬁaX or/of K., = %mvf;ax

TERMINOLOGY

Photoelectric effect is the process where by electrons are ejected from a metal surface
when light of suitable frequency is incident on that surface.

When a photon with a specific quantum of energy strikes the surface of a metal, all the
energy of the photon (E= hf) is transfered to an electron on the metal surface. If the
energy of the photon is enough to over come the electrostatic attration between the the
electron and the nucleli of the metal, the electron will be able to break free from the metal.

Threshold(cut-off) frequency

Only light of sufficiently high frequency can eject electrons from a metal plate. This
minimum frequency is called threshold or cut off frequency (fo).

Threshold frequency, fo, as the minimum frequency of light needed to emit electrons from
a certain metal surface. C = fA, the threshold frequency corresponds to the maximmum
wave length of the incident light.

work function(W,)

work function, Wo, as the minimum energy that an electron in the metal needs to be
emitted from the metal surface. Wo= hfo

The energy of a photon of the incident light = work function of metal + kinetic energy of
the photoelectrons leaving the metal

E =Wo+ Kmax, where E = hf and Wo= hfo and Kmax = ¥2mv2max

h is planck’s constant = 6,63 x 1034 J-s
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EK max = hf =Wy in the formy =mx + ¢
A graph of Ek versus frequency

Eg (I _
Emissicon

= fy

Mo ermission

B R

fo f{Hz)

Slope = h (planck’s constant).

Intercept of f axis = fo

hC
EK max = T -Wo in the form y = mx + c where m = hc and ¢ = - Wo
1
EK max :hC.(z)—WO

1
Agraph of Ex versus —

A
1
Ek(J)
/,,’
W ‘/’ 1 4
o (M)
E
Slope = — =hc
2

Intercept on Ex axis = - Wo

1 1
Intercept on — axis = —
pton~ 20
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Effect of mcreasing intensity of incident light

Icreasing intensity, increases the number of photo electrons ejected per unit time hence
increases the current(ammeter reading)

Explanation: more photons strike the surface of the metal per unit time hence more
electrons ejected per time leading to increased current.

Increasing intensity has no effect on thekinetic energy /frequency/ wave length of the
incident photons. The energy of the photon remains unchanged.

Effect of increasing frequency of incident light

Increasing frequency, increases the kinetic energy of the incident photons.

Has no effect on the number of electrons ejected per unit time/ ammeter reading.
DUAL NATURE OF LIGHT:

Light thus undergoes refraction and diffraction and this demonstrates its wave nature.
The photoelectric effect demonstrates the particle nature of light.

EMISSION AND ABSORPTION SPECTRA
There are three different types of spectra:

e Continuous emission spectra

e Line emission spectrum

e Line absorption spectrum
Continuurm Spectrum

P, N
= =

Emission Line Spectrum

Hot Gas _/_&‘
R

Cold Gas Absorption Llne Spectrum

35 — 75— .

An electron may absorb energy and it can now move up one or more energy levels inside the

atom. The electron is said to be “excited”. When this electron returns to its ground state, a
photon of energy is released. If the involved atoms in the discharge tube emit photons having
only certain specific energies, it implies that the internal energy of the atom will only increase
or decrease in steps, or that the internal energy of an atom is distinctive by certain discreet
energy levels. When an atom gains internal energy, the internal energy jumps between
energy level increases. When an atom loses internal energy, it emits energy as a photon

that contains energy.
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Es
increasing E2
energy i E1

Eo

E=E3-E1
Where, E is the energy of the photon E3— Ez1is the total internal energy between two energy
levels which energy jump took place.

An atomic absorption spectrum is formed when certain frequencies of electromagnetic
radiation that passes through a medium, e.g. a cold gas, is absorbed.

The dark lines correspond to the frequencies of light that have been absorbed by the gas.
As the photons of light are absorbed by electrons, the electrons move into higher
energy levels.

An atomic emission spectrum is formed when certain frequencies of electromagnetic
radiation are emitted due to an atom's electrons making a transition from a high-energy
state to a lower energy state. The amount of energy absorbed by the electron to move
into a higher level is the same as the amount of energy released when returning to the
original energy level.
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WORKED EXAMPLES
QUESTION 1

An investigation was conducted to determine the effects of changes in frequency AND
intensity on the current generated in a photoelectric cell when light is incident on it.

The apparatus used in the investigation is shown in the simplified diagram below.

Incident light

The results of the experiment are shown in the table below.

EXPERIMENT FREQUENCY INTENSITY CURRENT
(Hz) (Cd) (LA)
A 4,00 x 1014 10 0
B 4,50 x 1014 10 0
C 5,00 x 1014 10 0
D 5,01 x 1014 10 20
E 5,01 x 1014 20 40
F 6,50 x 1014 10 30
1.1 Define the term work function.
1.2 Identify an independent variable.

The threshold frequency for the metal used in the photocell is 5,001 x 10'# Hz.
1.3 Define the term threshold frequency.
1.4 Calculate the maximum speed of an emitted electron in experiment F.

In experiments D and E, the current doubled when the intensity was doubled at the same
frequency.

15 What conclusion can be made from this observation?
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SOLUTION

11 It is the minimum energy that an electron in the metal needs to be emitted from the
metal surface

1.2 Frequency/Intensity
1.3 The minimum frequency required to remove an electron from the surface of the metal
14 E =Wo + Ek

hf = hfo + Ek

(6,63 x 1034)(6,50 x 10%) = (6,63 x 10-34)(5,001 x 104 + %2(9,11 x 10-31)v?

% v=4,67 x 10° m-st

OR EK = Elight—Wo

= hflight — hfo = (6,63 x 10-3%)( 6,50 x 104 - 5,001 x 10%4)
=9,94 x10-20J

EK =% mv?

. [%E _Jnjzng,mxm-i”_h
“Ym | 911x10*

V=4,67 x 10° m-s?

1.5 The photocurrent is directly proportional to the intensity of the incident light.

QUESTION 2

In the diagram below, green and blue light are successively shone on a metal surface. In
each case, electrons are ejected from the surface.

green
500 nm
[ EEe——

What property of light is illustrated by the photoelectric effect? (1)

2.1.2 Without any calculation, give a reason why the maximum kinetic energy of an
ejected electron, using blue light, is GREATER THAN that obtained using green light, for

the same metal surface. (2)
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M
2.2  The wavelength associated with the cut-off (threshold) frequency of a certain metal
is 330 nm.
Calculate:
2.2.1 The work function of the metal. 4)
2.2.2 The maximum speed of an electron ejected from the surface of the metal when
light of frequency 1,2 x 10'® Hz is shone on the metal (5)
SOLUTION

2.1.1 The particle nature of light
2.1.2 Shorter wavelength
OR Higher frequency OR Higher energy

2.21 OPTION1

W, —hC v
JI'I:I
_ (8,63 x10%)(3 x10%)
330 x10° v
Wo=603x 107" Jv

OPTION2
c=fA 3 x 108 = fo(330 x 109)

fo =9,09 x 101 Hz

Wo=hfo  =(6,63 x 10-34)( 9,09 x 107)
=6,03x101%°J
2.2.2 OPTION 1
E =Wo + Ek
hf = hfo + Ek

hf = hfo + % mv2
E=Wo +%mv2 (6,63 x 103)( 1,2 x1015)
=(6,03 x 1019+ 14(9,11 x 10312

~Vv=6,5x10°> m-st
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OPTION 2

EK = Elight — Wo

= hfight — hfo = (6,63 x 103)( 1,2 x10%5) - 6,03 x 10-19
=1,926 x 10-19 J

EK =% mv? 1,926 x 101° =14 (9,11 x 10-31)\?

~V =6,5x10°m-s?
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TYPICAL EXAM QUESTIONS
QUESTION 1 MULTIPLE CHOICE QUESTIONS

1.1 When light of a certain frequency is incident on the cathode of a photocell, the
ammeter in the circuit registers a reading.

Incident liaht
Metal surface
U "

The frequency of the incident light is now increased while keeping the intensity
constant. Which ONE of the following correctly describes the reading on the
ammeter and the reason for this reading?

Ammeter reading | Reason

Increases More photoelectrons are emitted per second

Increases The speed of the photoelectrons increases.

Remains the same | The number of photoelectrons remains the same.

Ol O W >

Remains the same | The speed of photoelectrons remains the same. (2)

1.2  Aline emission spectrum is formed when an excited atom moves from a ...

A higher to a lower energy level and releases energy.

B higher to a lower energy level and absorbs energy.
C lower to a higher energy level and releases energy.
D lower to a higher energy level and absorbs energy. (2)

1.3  The wavelength of a monochromatic light source P is twice that of a
monochromatic  light source Q. The energy of a photon from source P will be ...
of a photon from source Q.

A a quarter of the energy B half the energy

C equal to the energy D twice the energy (2)
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The diagram below shows the electron transitions P, Q, R and S between
different energy levels in an atom.

Es

R

E>

E:

P Q

A 4

Eo

Which ONE of the transitions will result in an emission of a radiation with the

longest wavelength?

AP B Q C R

S

1.5 The spectrum of an element from a star shows some absorption lines. These lines
are produced because ...
atoms absorb energy when moving from an excited state to a lower energy

a cold gas absorbs certain frequencies of light passing through it.
a hot gas absorbs certain frequencies of light passing through it.

atoms release energy when moving from an excited state to a lower energy

A
state.
B
C
D
state.
QUESTION 2

In an experiment to demonstrate the photoelectric effect, light of different wavelengths
was shone onto a metal surface of a photoelectric cell. The maximum kinetic energy of
the emitted electrons was determined for the various wavelengths and recorded in

the

table below.
INVERSE OF MAXIMUM KINETIC
WAVELENGTH ENERGY
1
X (% 108 m'l) Ek(max) ( % 1019 J)
5,00 6,60
3,30 3,30
2,50 1,70
2,00 0,70
2.1 What is meant by the term photoelectric effect?
1
2.2 Draw a graph of Ekmax (y-axis) versus X (x-axis) ON THE ATTACHED
ANSWER SHEET.
2.3 USE THE GRAPH to determine:
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2.3.1 The threshold frequency of the metal in the photoelectric cell (4)
2.3.2 Planck’s constant
(4)
QUESTION 3
3.1 A learner is investigating the photoelectric effect for two different metals, silver

and sodium, using light of different frequencies. The maximum kinetic energy
of the emitted photoelectrons is plotted against the frequency of the light for
each of the metals, as shown in the graphs below.

A
sodium
silver
0 >
5,94 11,42 Frequency x 10 (Hz)
3.1.1 Define the term threshold frequency. (2)
3.1.2 Which metal, sodium or silver, has the larger work function? Explain
the answer. 3)
3.1.3 Name the physical constant represented by the slopes of the graphs.
1)
3.14 If light of the same frequency is shone on each of the metals, in
which metal will the ejected photoelectrons have a larger maximum
kinetic energy? (1)
3.2 In a different photoelectric experiment blue light obtained from a light bulb is
shone onto a metal plate and electrons are released.
The wavelength of the blue light is 470 x 10° m and the bulb is rated at 60
mW. The bulb is only 5% efficient.
3.2.1 Calculate the number of photons that will be incident on the metal
plate per second, assuming all the light from the bulb is incident on
the metal plate. (5)
3.2.2 Without any further calculation, write down the number of
electrons emitted per second from the metal. (2)
[13]
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QUESTION 4

Ultraviolet light is incident onto a photocell with a potassium cathode as shown below.

The threshold frequency of potassium is 5,548 x 10 Hz.

4.1

i”“-id@q litht );otassium cathode

4_ ‘
e e

DC source

Define the term threshold frequency (cut-off frequency).

The maximum speed of an ejected photoelectron is 5,33 x 10° m-s™.

4.2

Calculate the wavelength of the ultraviolet light used.

The photocell is now replaced by another photocell with a rubidium cathode. The
maximum speed of the ejected photoelectron is 6,10 x 10° m-s* when the same

ultr

4.3

4.4

aviolet light source is used.

How does the work function of rubidium compare to that of potassium?

Write down only GREATER THAN, SMALLER THAN or EQUAL TO.

Explain the answer to QUESTION 4.3.
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QUESTION 5

Graph P below shows how the maximum kinetic energy of electrons emitted from the
cathode of a photoelectric cell varies with the frequency of the incident radiation.

5.1

5.2

5.3

Grg\ph of maximum kinetic energy versus frequency

A
12

~N

Maximum kinetic energy (x 101°J

0 10 20 30
Frequency (x 10 Hz)

Define the term work function.
Calculate the:
421 Work function of the metal used as cathode in the photocell

4.2.2 Velocity of photoelectrons emitted when the frequency of the
incident light is 8 x 104 Hz

The photocell is now replaced with another one in which the work function of
the cathode is TWICE that of the metal in the first cell.

The maximum kinetic energy versus frequency graph, Q, for this cathode is
now drawn on the same set of axes as graph P.

5.3.1 How will the gradient of graph Q compare to that of graph P?
Write down GREATER THAN, SMALLER THAN or EQUAL TO.
Explain the answer.

5.3.2 What will the value of the x intercept of graph Q be? Explain how
you arrived at the answer.
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QUESTION 6

In an experiment on the photoelectric effect, light is incident on the surface of a metal and
electrons are ejected.

6.1.1 What does the photoelectric effect indicate about the nature of light?

6.1.2 The intensity of the light is increased. Will the maximum speed of the ejected
electrons INCREASE, DECREASE or REMAIN THE SAME? Give a reason for the
answer.

METAL THRE SHOLD WAVELENGTH (Ag) IN METRES
Silver 2 88x 107
Calcium 432x107
Sodium 537 %107

The wavelength corresponding with the threshold frequency is referred to as threshold
wavelength. The table below gives the values of threshold wavelengths for three different
metals.

In the experiment using one of the metals above, the maximum speed of the ejected
electrons was recorded as 4,76 x 10> m-s™* for light of wavelength 420 nm.

6.1.3 Identify the metal used in the experiment by means of suitable calculations.

6.2 The simplified energy diagrams showing the possible electron transitions in an atom
are shown below.

F 9 r
5| B 5| B f
5 Ql |s 5 R
@ Ez g Ez 1
o
= = P
G| E Y | E
o 1 ©
L o
] (]
= =

Ea

Using the letters P, Q, R and S, identify the lines that CORRECTLY show transitions that
will result in the atom giving off an EMISSION SPECTRUM. Give a reason for the answer.
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ELECTROCHEMICAL REACTIONS

external
circuit
Zn Cu
electrode electrode
internal
circuit
- 24+ -
Zn(s) =>2Zn2* (aq) + 2e cu”’(aq) + 2e = Cu(s)
Anode oxidation Cathode reduction

MOVING BEYOND THE LIMITS, SETITING THE STANDARD AND
LEAVING NO CHILD BEHIND
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ELECTROCHEMICAL REACTIONS

6 _ 6 5] 5] 5]
EceII Ecathode anode /E - EI@tode Eanode
or
6 _ 6 6 _ o [¢]
EceII Ereductlon X|dat|or/E Eredulﬂe Eol@dase
or
c] 6 €] 6 _ 6 ¢]
Ecell EOX|d|smgagent Ereducmgagent /Esel - EoIGideerm'ddeI Ereduseermddel

TERMINOLOGY

Electrochemical reactions involve the transfer of electrons. In this type of chemical
reaction, one chemical substance loses electrons while another receives them. The
processes of losing and receiving electrons happen at the same time. All ionic
compounds are made in redox reactions. The word “redox" refers to reduction and
oxidation.

Oxidation is the loss of electrons.(OIL)
Oxidation: An increase in oxidation number
Fe — Fe?" + 2e(out)

Iron lose two electrons and is oxidised to Fe?*
Cu——=Cu? +2¢

Cu is being oxidised, Cu is a reducing agent
Reduction is the gain of electrons.

Reduction: A decrease in oxidation number

The oxygen atom changes to O% by gaining two electrons
1
502 +2e (In) —» O~

Oxygen gains two electrons and is reduced to O
Br2+2e (In) —> 2Br
Gain electrons = reduction( RIG)

Br2 is being reduced, Br2 is an oxidising agent
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Reducing agent is a substance that is oxidised/loses electrons. A strong reducing agent
has a conjugate oxidising agent. Zn conjugate Zn?*

Oxidising agent is a substance that is reduced/gains electrons. A strong oxidising agent
has a weak reducing agent. Cu?* has Cu has a weak conjugate reducing agent.

HCI + Ag %H

H2 is a strong reducing agent than Ag hence it is oxidised

Redox reaction is a reaction in which electrons are transferred from the reducing agent to

the oxidising agent.

The anode is the electrode where oxidation takes place
The cathode is the electrode where reduction takes place.
HOW TO TELL IF A REACTION IS SPONTANEOUS?

Steps

1. ldentify the chemical species on the table(circle only the chemical spices)

2. Pick the best reactants
3. Write out the reaction from the ones you have chosen
4

. Balance the electrons and add the reactions.

Will the following combination of metals and ions react?

(a) Cu and 2@04 (b) Zn and CUSO4

Zn?* | SO4% Cu2+ S04

Part of redox table

H20+26" = Hz + Hz +20H" 083
2 - -

Zn“t +2e = 7n 0,76

Cr¥+3e = 7 Cr -0,74

Fe?* +2e" = /+ve slope Fe -0,44
ar )TE=  Cuw +0,16

S04 + 4|7|Jr +2e" = SO2 +2H20 +0,17
cuz r2e = u +0,34

68



rENN YA EASTERN caPe
Jy Training ond Consultancy(PtyjLtd < ” EDUCATION

POSTIVE SLOPE SPONTANEOUS REACTION (Zn and CUSOu4)
Start from the chosen reactants to the opposite side when writing out the half reaction
Zn ——> Zn?* +2e (oxidation) Oil
Cu?* + 2ec — Cu (reduction) Rig
Over all equation
Zn + Cu?*——>7n?" +Cu
Direct Transfer of Electrons

When a zinc plate is placed in a copper solution, the zinc atoms lose electrons. The
oxidation process that occurs, is represented as follows; Zn(s) — Zn?*(aq) + 2e". On the
other hand, the copper ions in solution are receiving (gaining) the electrons from the zinc
atoms. This reduction process is represented as follows: Cu?*(aq) + 2e- — Cu(s). If this
oxidation-reduction process between zinc and copper ions is allowed to continue for a
longer time, loss of mass in the zinc plate will be observed while the blue colour of the
solution, due to the presence of Cu?* ions, will lose its colour.

/

—Zinc (Zn)rod
CuSO4(aq) —T*

All chemical reactions involve a change in energy as well as a change in chemical
composition. In redox reactions, electrons are transferred from one substance to another
while the substances themselves undergo changes. All these processes deal with
changes in energy. The changes in energy during redox reactions can be summarised as
follows: Redox reactions are exothermic

Chemical potential energy _ Redox reaction > Electrical potential energy

We distinguish two types of electrochemical cells as summarised below.

[ Galvanic or Voltaic cells ]
F Y

[ Chemical potential energy — Electrical potential energy

Electrochemistry

[ -Electrical potential energy — Chemical potential energy

¥
[ Electrolytic cells ]
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3. Two types of cells: electrolytic and galvanic cells
Both electrolytic and galvanic cells make use of redox reactions.

Electrolytic cells use electrical energy to initiate chemical reactions. Electrical energy is
converted to chemical energy.

Galvanic (voltaic) cells use chemical reactions to produce electrical energy. Chemical
energy is converted to electrical energy.

3.1 Galvanic cells (voltaic cells) indirect transfer of electrons

A galvanic cell is a cell in which chemical energy is converted to electrical energy.
Galvanic cells make use of spontaneous redox reactions. The oxidising and reducing
agents are separated and the electron transfer from the reducing agent to the oxidising
agent takes place through an electrical conductor between them. The current in the
conductor can be used to do useful work.

3.1.1 Composition and functioning of galvanic cells

Any galvanic cell consists of the following main parts: Two half-cells: The one half-cell
contains the reducing agent and the other half-cell contains the oxidising agent. A salt
bridge — an internal connection between the two half-cells. lons can move freely through
the salt bridge. An electrical conductor — an external connection between the two half-
cells. Electrons flow through this conductor from the half-cell containing the reducing
agent to the half-cell containing the oxidising agent.

A sketch of a copper-zinc galvanic cell is shown below.

e —» (V)
© gl ©)
Zn electrode NO;™ Cu electrode

(Anode) (Gathode)
o Salt bridge contains |l
K*(ag) & NO:"(aqg)

Zn**(aq) and SO, (ag) Cu™(aq) and SO,*(aq)

The following components can be distinguished in the above galvanic cell:

e Zinc half-cell i.e. a Zn rod (called an electrode) placed into a Zn?* solution - Zn is
the reducing agent

e Copper half-cell i.e. a Cu rod (called an electrode) placed into a Cu?* solution —
Cu?*(aq) is the oxidising agent
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e Salt bridge — the internal circuit. The salt bridge consists of a U tube filled with an
electrolyte e.g. KNOs. It can also be a porous separation between the two half
cells.

e An external circuit i.e. conducting wires connecting the two half-cells

In this cell, the Zn rod and the Cu rod are the electrodes. The reaction takes place
between the Zn rod and the Cu?* ions. The Cu rod serves as a link between the wire and
the Cu?* solution. No reaction will take place between the Cu rod and the Cu?* solution.
The Zn rod is placed in a Zn?* solution — no reaction will take place between the Zn rod
and the Zn?* solution.  The Zn electrode supplies electrons according to:

Zn — Zn** + 2e~ Therefore it is the negative terminal. Any electrode where oxidation
takes place is called the anode in electrochemistry. Hence, the Zn electrode is the anode
of this galvanic cell. The electrons flow from the Zn electrode through the metallic
conductor to the Cu electrode. More Zn?* ions enter the solution in the zinc half-cell,
causing the Zn electrode to erode gradually (its mass decreases).

At the Cu electrode, the electrons react with the Cu?* ions in the copper half-cell
according to:

Cu?* + 2e” — Cu The Cu electrode is the positive terminal. The electrode where reduction
takes place is called the cathode in electrochemistry. Hence, the Cu electrode is the
cathode of this galvanic cell. The concentration of Cu?* ions in the copper half-cell
decreases, while the copper that is formed is deposited on the Cu electrode, causing the
mass of the Cu electrode to gradually increase.

The reading on the voltmeter is positive if the negative terminal is connected to Zn.

A positive reading on the voltmeter is therefore associated with a spontaneous redox
reaction.

Functions of the salt bridge

e |t completes the circuit. Electrons flow through the external conductor from the
anode to the cathode of the cell.

e It maintain electrical neutrality within the solutions in the cell.

e |t separates the two electrolytes

A salt bridge is a u-tuble consisting of soluble salts like NaNO3s, KNOs, KCI

3.1.2 Microscopic events in a copper-zinc galvanic cell Electrons released during
oxidation of Zn flow through the external conductor from the Zn electrode to the Cu
electrode. At the Cu electrode, the Cu?* ions accept the electrons to form Cu that is
deposited on the Cu electrode. The diagram below illustrates these microscopic events in
the cell.
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To external circuit From external circuit
2e 2e

Zn electrode Cu electrode

Due to the oxidation of Zn, more Zn?* ions enter the solution in the Zn half-cell. This will
result in a built-up of positive ions in the Zn half-cell. Negative ions must be found to
balance these newly generated positive ions. Otherwise the cell will stop functioning.

Reduction of Cu?* ions in the Cu half-cell leaves behind negative ions that were
associated with the Cu?* ions. This will result in a built-up of negative ions in the Cu half-
cell. Positive ions must be found to balance these excess in negative ions. The salt
bridge is needed to prevent the building-up of positive and negative charges in the half-
cells. It allows ions to move freely between the half-cells to keep both solutions neutral.
Therefore, NO3s™ ions flow in the direction of the Zn electrode (the anode), while K* (and
Zn?* and Cu?*) flow in the direction of the Cu electrode (the cathode). Positive ions move
through the salt bridge to the cathode and negative ions move to the anode to keep the
cell electrically neutral.

3.1.3 Cell reaction

The combination of the two reactions which take place in each of the half-cells produces

the net cell reaction that takes place in the cell.  negative electrode (anode):
Zn —»Zn* +2e ..., oxidation positive electrode (cathode):
Cu*+2e > CU.ceeiiiiiiiiain, reduction net cell reaction:

Zn + Cu?* — Zn?* + Cu

3.1.4 Cell notation

A galvanic cell can be represented by abbreviated method, known as cell notation.
When writing cell notation, the following convention should be used:

e The Hz|H* half-cell is treated just like any other half-cell.
e Cell terminals (electrodes) are written on the outside of the cell notation.
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e Active electrodes: reducing agent | oxidised species || oxidising agent | reduced

species o Inert electrodes (usually Pt or C): Pt | reducing agent | oxidised species
|| oxidising agent | reduced species | Pt

Example: Pt |Cl(aq) | Cl2(g) // F2(g)/ F(aqg)| Pt

The cell notation for the above copper-zinc galvanic cell is as follows:
Zn(s)| Zn?*(aq)|| Cu#*(aq)| Cu(s) Key parts of the notation are:

. If half-cell components are in the same phase e.g. H*(aq), MnO4 (aq), they are
separated by a comma.

3.1.5 STANDARD ELECTRODE POTENTIAL

The Standard Electrode Potential table ranks the half reactions from lowest to

highest.
These are reduction potentials - the likelihood that the reaction would undergo
reduction.
Half-reactions E* (V)
Li* + e = Li -3.05
K*+e = K -293
Cs'+ e = Cs -292
Ba™ + 2e = Ba ~290
S+ 2e = Sr -2,389
Ca™ +2e” = Ca - 287 a
Na® +e” = Na -2M
':ﬁb +2e = Mg ~236
Y+ 37 = Al - 1,66
Mn* + 2¢” = Mn -118
Cr** +2e = Cr -091
2H;0 + 2¢” = Hyg)+20H | -083
Zn® + 2¢” = In -0,76
Cr" + 3¢7 = Cr -0,74
Fe™ + 2¢” = Fe - 0,44
Cr +e = Cr -0.41
%‘ Cd* + 2¢° = Cd - 0,40
Co™ + 2¢” = Co -0,28
> NF* + 26" = Ni -027 £
i - Sn* + 2" = Sn -0.14 ]
8 Pb* + 2e” = Pb -0,13 )
R Fe™ + 3¢ = Fe - 0,06 £
o 2H' + 2e = Hig) 0,00 E
e S+ 2H" + 267 = HiS(g) +0,14 ¢
9 Sn' + 27 = Sn* +0,15 @
g Cu” +e = Cu +0,16 -
E SO2" +4H*+2¢" = SOyg)+2H,0 | +0,17 ¢
Cu™ + 2¢" = Cu +0,34 2
2H:0 + 05 + de” = 40H +0.40 =
SO; +4H" + de” = S+2H0 +0,45
. Cu'+e” = Cu +0,52
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Notice how the reactions are ranked from left to right.
This table was manufactured under standard conditions. These conditions are:

e (Temperature) 25 °C/298 K
e (Concentration) 1 mol-dm-
e pressure 101,3 kpa

3.1.6 Standard hydrogen electrode

The standard hydrogen electrode is used as a reference electrode against which all other

half-cells are measured. The reference half-reaction is the reduction of H*(aq) to Hz(Q)
under standard conditions. A standard reduction potential of 0,00 V is allocated to this

half-reaction: 2 H*(aq) + 2e- — H2(g) oreduction E = 0,00 V

The standard hydrogen electrode, producing this half-reaction, consists of a platinum wire

that is connected to a piece of platinum metal which serves as an inert electrode for the

reaction. This electrode is in a glass tube. Hydrogen gas is bubbled over the platinum and

through the 1 mol-dm=2 H* solution under standard conditions. A sketch of the hydrogen

halfcell is shown below:

M
Hydrogen gas .
(101,3 kPa) T=298 K

Flatinum wire ———»

Pt(s)| Hz(g)| H*(aq) (1 mol-dm™)

2H +2e"—H;

o0

Flatinum

Dilute acid solution E°=000V
(1 mol-dm®)

Standard hydrogen electrode (SHE)

L=
L1]
]
_B"c-
—

Platinum is used as an electrode in the SHE because

e platinum is a conductor of electricity
e platinum is inert
e platinum has a high affinity for hydrogen

3.1.7 Compiling a list of standard reduction potentials

Standard reduction potentials are determined by connecting the half-cell in which a
particular half-reaction takes place, to the standard hydrogen electrode (SHE). The
diagram below shows a zinc half-cell connected to the SHE.
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-~ T

salt bridge - 7N

="

s

2H + 2 — Hz - = Zn — an‘* + P
H*(aq) Zn**(aq)

The spontaneous reaction, which takes place when a positive voltmeter reading is
registered, involves the oxidation of Zn and the reduction of H*(aq). Zn is therefore the
anode and the SHE is the cathode. The measured cell potential is + 0,76 V. Since the
SHE has a reduction potential of 0,00 V the reduction potential of the Zn?*/Zn half- E®cell
= E®cathode - E®anode

+ 0,76 = 0,00 - Eeanode

Eeanode = - 0,76 V

3.1.8 Cell potential

By using the numbers on the table, we can calculate the voltage, or emf, that we can
expect from a combination of two electrodes.

Ecell = Ecathode — Eanode

So, first you need to find out where oxidation is taking place (anode) and then
reduction (cathode).

Hint: Always substitute using brackets as the signs may need to change.

3.1.9 Reduction potentials.

Reduction potential is the tendency for a chemical species to gain electrons.

Oxidation potential is the tendency for a chemical species to lose electrons(to be
oxidised) Ecen = reduction potential + oxidation potential

An oxidation half reaction is the reverse reaction of the particular reduction half
reaction. Therefore the oxidation potential of a particular half reaction is equal to the
negative of the reduction potential.

Oxidation potential for half reaction = — reduction potential for half reaction
3.1.9 Using the tables of standard reduction potentials to predict cell potential

With the help of the information from Table 4A or 4B, there are two ways to calculate
the cell potential of a galvanic cell under standard conditions.

Method 1: Using the derived formula for cell potential

75



J E N N ‘@if EASTERN CAPE

Sm——n.l EDUCATION

Training and Consultancy(PtyjLtd

¢ |dentify the relevant half-reactions

e Determine from this the relevant oxidising and reducing agents (or oxidation
and reduction half-reactions, or the half-reactions taking place at the anode
and cathode)

e  Substitute the E° values as they appear on the table into one of the formulae
above.

Example 1

A voltaic cell is constructed using Ni?*|Ni and Cu?*|Cu half-cells. Determine
the cell potential at standard conditions and write down the cell notation.

Solution From the Table of Standard Reduction potentials:
Ni>* + 2e” < Ni (-0,25 V)

Cu?* + 2e” sCu (+0,34 V)

Method 1:

The copper half-reaction has the more positive cell potential and thus Cu2+ is
a stronger oxidising agent than Ni2+. The copper half-reaction will be
reduction and the nickel half-reaction will be the oxidation.

The half-reactions will therefore take place as follows:

Ni — Ni?* +2e~ (+0,25 V) (Note: If the reduction potential is -0,25 V, the
oxidation potential is +0,25 V

Cu?*+2e” — Cu (+0,34V)
E°cell = 0,59 V

Method 2: From this: Cu?* is a stronger oxidising agent than Ni?*. Therefore,
Cu?* behaves as the oxidising agent and Ni as the reducing agent.

E°cell = E°oxidising agent - E°reducing agent = +0,34 - (-0,25) = 0,59 V
For the cell notation: Ni undergoes oxidation; therefore Ni is the anode.
Ni(s) | Ni**(aq) || Cu**(aq) | Cu

Example 2

Consider the following unbalanced equation that takes place in an
electrochemical cell: Ag(s) + Cu?*(aq) — Cu(s) + Ag*(aq)

Use the cell potential to determine whether this reaction proceeds
spontaneously from left to right at standard conditions.
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Solution According to the information in the equation, Ag is oxidised to Ag+
and Cu2+ is reduced to Cu. Therefore, Ag is the reducing agent and Cu?* the
oxidising agent.

Training and Consultancy(PtyjLtd

E°cell = E°oxidising agent - E°reducing agent
=+0,34 - (+0,80) =-0,46 V

OR The E° value for the oxidation of Ag is -0,80 V The E° value for the
reduction of Cu2+is +0,34 V

E°cell =-0,46 V
The reaction cannot take place spontaneously.
3.1.10 Factors which influence cell potential
The cell potential of a galvanic cell depends on the following factors:

e Specific reactions that take place at the anode and the cathode
e Concentrations of reactants and products
e Temperature

Specific reactions at the anode and cathode

The relative strength of oxidising and reducing agents influences the cell
potential. The stronger the oxidising and reducing agent that are combined,
the greater the cell potential will be.

Concentration of reactants and products Under standard conditions the
concentration of all solutions in a galvanic cell is 1 mol-dm~2. The galvanic cell
described by the cell reaction below has a cell potential of 0,48 V.

2AI(s) + 3Mn2*(aq) — 2AlR*(aq) + 3Mn(s)

If the concentration of the Mn?* ions increases (greater thanl mol-dm-3) the
forward reaction will be favoured as can be predicted by using Le Chatelier"s
principle. Consequently the cell potential will be greater than 0,48 V.

If the concentration of the AI** ions increases (greater than 1 mol-dm=3) the
reverse reaction will be favoured as can be predicted by using Le Chatelier"s
principle. Consequently the cell potential will be less than 0,48 V.

Initially the concentration of the reactants in a galvanic cell is high and the cell
potential is at its maximum. As the reaction progresses the concentration of
reactants decreases and the concentration of products increases. The result is
a decrease in cell potential.

We can therefore say that an increase in the concentration of the reactants will
increase the cell potential and that an increase in the concentration of the
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products will decrease the cell potential. When equilibrium is reached, the cell
potential has dropped to 0 V.

Temperature Electrochemical reactions in galvanic cells are all exothermic
reactions. According to Le Chatelier"s principle an increase in temperature will
favour the endothermic reaction, i.e. the reverse reaction, and lead to a drop in
cell potential.
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TYPICAL EXAM QUESTIONS

QUESTION 1 MULTIPLE CHOICE QUESTIONS

11

1.2

1.3

Consider the cell notation of the galvanic cell below.
Zn| Zn?*||Cu?*| Cu
Which ONE of the following statements regarding this cell is TRUE?

A Copper is formed at the cathode.

B Copper is formed at the anode.
C Zinc is formed at the anode.
D Zinc is formed at the cathode. (2)

Which ONE of the following metals will NOT react spontaneously with
sulphuric acid?

A Zn B Mg CCu D Fe (2)

Which ONE of the following CANNOT act as a reducing agent?

A Mg B Fe?* C Br D MnOg4 (2)

1.4 An electrochemical cell is used to electroplate an iron spoon with nickel.

15

Which ONE of the following half-reactions takes place at the positive electrode

of this cell?

A Fe?(aqg) + 2e” — Fe(s)
B  Fe(s) — Fe?*(aq) + 2e-
C Ni**(ag) + 2e”— Ni(s)
D  Ni(s) — Ni?*(aq) + 2e

Consider the reaction represented by the balanced equation below:
Cu(s) + 2Ag*(aq) — Cu*(aq) + 2Ag(s)

In the above reaction, Cu(s) is the ...

A oxidising agent and is reduced.

oxidising agent and is oxidised.
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C

D

reducing agent and is reduced.

reducing agent and is oxidised. (2)

The following half-reactions take place in a galvanic cell:

Co%" + e = Co?%
A+ 3e = AL

Which ONE of the following is the cell notation for this cell?

A

B

C

AL | At3* || Co®, Co?

Al | Al3* || Co®, Co?* | Pt

Al | A3 || Co2+, Co®* | Pt

Pt | Co?*, Co%" || A3 | AL (2)

Chlorine gas (Ct2) is bubbled through a potassium iodide solution (KI). The
reducing agent in this reaction is:

A Potassium ions
B Chlorine gas
C lodide ions

D Chloride ions

Equal amounts of magnesium (Mg) powder react respectively with equal
volumes and equal concentrations of HC{(aq) and H2SOa4(aq), as shown below.

<100 cm? <100 cm?
Mg(s) —> Mg(s) —
Test tube X Test tube Y

The magnesium is in EXCESS.
Consider the following statements regarding these two reactions:

I The initial rate of the reaction in test tube X equals the
initial rate  of the reactionin testtube.

II: After completion of the reactions, the mass of magnesium that remains
in test tube X will be greater than that in test tube Y.
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III: The amount of hydrogen gas formed in X is equal to the amount of
hydrogen gas formed in Y.

Which of the above statements is/are TRUE?

A TIonly
B IIonly
C IIIonly

D IandIII only
Which ONE of the following is a NON-SPONTANEOUS redox reaction? Refer to

the Table of Standard Reduction Potentials (Table 4A or 4B).

A Zn(s) + 2HC{(aq) — ZnCfl2(aq) + H2(Q)

B Cu(s) + FeCf2(aq) — CuCt2(aq) + Fe(s)

C 2AgNO3(aq) + Cu(s) — Cu(NOs)2(aq) + 2Ag(s)

D 2AL(s) + 3Ni(NOs)2(aq) — 2AL(NOs)s(aq) + 3Ni(s) (2)

A galvanic cell consists of the following half-cells: Pt(s) |Cf2(g) |Ct(aq) AND
Cu?*(aq) |Cu(s). Which ONE of the following statements is TRUE while the cell is
functioning?

A Cu(s) is oxidised. B Ct(aq) is reduced.
C Cl2(g) acts as reducing agent. D Cu(s) acts as oxidising agent. (2)
QUESTION 2

An electrochemical cell consisting of half-cells A and B is assembled under
standard conditions as shown below.

Half-cell A | Pt, Ct (101,3 kPa) | Ct (1 mol-dm-3)
Half-cell B Mg?* (1 mol-dm3) | Mg(s)

2.1 At which half-cell, A or B, are electrons released into the external circuit? (1)
2.2 Write down the:
2.2.1 Reduction half-reaction that takes place in this cell (2)

2.2.2 NAME or FORMULA of the substance whose oxidation number
DECREASES (1)

2.3  Calculate the initial cell potential of this cell when it is in operation. 4)
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QUESTION 3

A learner conducts two experiments to investigate the reaction between
copper (Cu) and a silver nitrate solution, AQNO3(aq).

EXPERIMENT 1 The learner adds a small amount of copper (Cu) powder to
a test tube containing silver nitrate solution, AQNOs(aq). The solution

changes from colourless to blue after a while.

Before addition of Cu(s) After addition of Cu(s)
— o
] I
<++—Colourless AgNOs(aq) «+—Blue Cu(NQs)-(aq)
o sy
3.1 Define the term oxidising agent. (2)

3.2 Explain why the solution turns blue by referring to the relative strength

of oxidising agents. 4)
EXPERIMENT 2

The learner now sets up a galvanic cell as shown below. The cell functions

under standard conditions.

Cu{s Ag(s)

Cu™*(aq) Ag'(aq)
3.3 Write down the energy conversion that takes place in this cell. (1)
3.4 In which direction (A or B) will ANIONS move in the salt bridge? (1)
3.5 Calculate the emf of the above cell under standard conditions. (4)

3.6  Write down the balanced equation for the net cell reaction that takes place

in this cell. (3)
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3.7 How will the addition of 100 cm? of a 1 mol-dm- silver nitrate solution to

the silver half-cell influence the initial emf of this cell? Write down

only INCREASES, DECREASES or REMAINS THE SAME. (1)

QUESTION 4

The voltaic cell represented below functions at standard conditions.

O,

graphite <4— graphite
! H*(aq)
l5(s) (aq)
‘;‘ MnOx(aq),Mn=*(aq)
\. J
4.1  Write down the concentration of the H*(aq) in the one half-cell. (2)
4.2  Solids present in half-cells are usually used as electrodes. Give a reason why 12(s)
is not suitable to be used as electrode. (2)
4.3  Write down TWO properties, other than being a solid, of graphite that makes it
suitable to be used as electrodes in the above voltaic cell. (2)
4.4  For the above voltaic cell, write down the:
4.4.1 NAME of the oxidising agent (1)
4.4.2 Net cell reaction 3)
4.4.3 Cell notation 3)
4.5  Calculate the cell potential of the above cell. (4)
4.6  How will the reading on the voltmeter be affected if the concentration of
decreases? Only write down INCREASES, DECREASES or NO EFFECT. Q)
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QUESTION 5

A standard electrochemical cell is set up using a standard hydrogen half-cell and a
standard X|X?* half-cell as shown below. A voltmeter connected across the cell, initially
registers 0,31 V.

<_X
{ \

Platinum
1mol-dm3H*(aq) ——T—* ) L ¢ ) X**(aq)
5.1 Besides concentration write down TWO conditions needed for the hydrogen
half-cell to function under standard conditions. (2)
5.2 Give TWO reasons, besides being a solid, why platinum is suitable to be used
as electrode in the above cell. (2)
5.3 Write down the:
5.3.1 NAME of component Q (1)
5.3.2 Standard reduction potential of the X|X?* half-cell (1)
5.3.3 Half-reaction that takes place at the cathode of this cell (2)

5.4 The hydrogen half-cell is now replaced by a M|M?* half-cell. The cell
notation of this cell is:
M(s) | M**(aq) || X**(aq) | X(s)

The initial reading on the voltmeter is now 2,05 V.

54.1 Identify metal M. Show how you arrived at the answer. (5)
5.4.2 Is the cell reaction EXOTHERMIC or ENDOTHERMIC? Q)
55 The reading on the voltmeter becomes zero after using this cell for several
hours. Give a reason for this reading by referring to the cell reaction. (1)
[15]
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QUESTION 6

Learners are given the following two unknown half-cells:

Half-cell 1: Q% (aq) | Q(s)

Half-cell 2: Pt | R2(g) | R(aq)

During an investigation to identify the two half-cells, the learners connect each half-cell
alternately to a Cd?*(aq) | Cd(s) half-cell under standard conditions. For each
combination of two half-cells, they write down the net cell reaction and measure the cell
potential.

The results obtained for the two half-cell combinations are given in the table below.

6.1

6.2

6.3

6.4

COMBINATION NET CELL REACTION CELL POTENTIAL
| Q*'(aq) + Cd(s) — Cd*'(aq) + Q(s) 0,13V
| Rz(g) + Cd(s) — Cd?*(aq) + 2R(aq) 1,76 V

Write down THREE conditions needed for these cells to function as standard
cells.

For Combination I, identify:

6.2.1 The anode of the cell

6.2.2 Q by using a calculation

For Combination Il, write down the:

6.3.1 Oxidation half-reaction

6.3.2 NAME or FORMULA of the metal used in the cathode compartment
Arrange the following species in order of INCREASING oxidising ability:

Q2 : Rz ; Cd?®*

Explain fully how you arrived at the answer. A calculation is NOT required.
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A nickel (Ni) rod is placed in a beaker containing a silver nitrate solution,
AgNOs(aq) and a reaction takes place.

/

—Nickel (Ni) rod
AgNOs(aq) —T1>

Write down the:

7.1.1

7.1.2

7.1.3

NAME or FORMULA of the electrolyte
Oxidation half-reaction that takes place

Balanced equation for the net (overall) redox reaction that takes
place

A galvanic cell is now set up using a nickel half-cell and a silver half-cell.

7.2.1

7.2.2

7.2.3

7.24

Ag —» / \ fe——ni
i o

O,

1 |

Ag'(aq) Ni2+(aq)

Which electrode (Ni or Ag) must be connected to the negative
terminal of the voltmeter? Give a reason for the answer.

Write down the cell notation for the galvanic cell above.

Calculate the initial reading on the voltmeter if the cell functions
under standard conditions.

How will the voltmeter reading in QUESTION 7.2.3 be affected if the

concentration of the silver ions is increased? Choose from
INCREASES, DECREASES or REMAINS THE SAME.
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QUESTION 8

Learners set up an electrochemical cell, shown in the simplified diagram below, using
magnesium and lead as electrodes. Nitrate solutions are used as electrolytes in both half-

cells.

String dipped in
KNOs(aq)

Electrode Q

Electrolyte Electrolyte

Half-cell A Half-cell B

8.1 What type of reaction (NEUTRALISATION, REDOX or PRECIPITATION) takes place

in this cell? (1)
8.2 Which electrode, P or Q, is magnesium? Give a reason for the answer. (2)
8.3 Write down the:

8.3.1 Standard conditions under which this cell functions (2)
8.3.2 Cell notation for this cell (3)
8.3.3 NAME or FORMULA of the oxidising agent in the cell (1)

8.4 Calculate the initial emf of the cell above under standard conditions. (4)

8.5 How will the voltmeter reading change if the: (Write down only INCREASES,
DECREASES or REMAINS THE SAME.)
8.5.1 Size of electrode P is increased (1)

8.5.2 Initial concentration of the electrolyte in half-cell B is increased (2)
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QUESTION 9

Magnesium (Mg) reacts with a dilute hydrochloric acid solution, HC{(aq), according to the
following balanced equation:

Mg(s) + 2HCI{(aq) — MgCtz(aq) + Hz(g)
9.1 Give a reason why the reaction above is a redox reaction. (1)
9.2 Write down the FORMULA of the oxidising agent in the reaction above. (1)
It is found that silver does not react with the hydrochloric acid solution.

9.3 Refer to the relative strengths of reducing agents to explain this observation.  (3)
The reaction of magnesium with hydrochloric acid is used in an electrochemical
cell, as shown in the diagram below. The cell functions under standard conditions.

hydrogen gas 4-—r

platinum ——
1 mol-dm™ H*(aq) —

half-cell A half-cell B
9.4  What is the function of platinum in the cell above? (1)
9.5 Write down the:
9.5.1 Energy conversion that takes place in this cell (1)
9.5.2 Function of Q (1)
9.5.3 Half-reaction that takes place at the cathode (2)
9.5.4 Cell notation of this cell (3)
9.6 Calculate the initial emf of this cell. (4)

9.7 How will the addition of concentrated acid to half-cell A influence the answer to
QUESTION 9.6? Choose from INCREASES, DECREASES or REMAINS THE
SAME. (1)
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Electrolytic cells

The electrolytic cell is a cell in which electrical energy is converted into chemical
energy. The process during which electrical energy is converted into chemical
energy is called 'electrolysis'.

Electrolysis: The chemical process in which electrical energy is converted to
chemical energy OR the use of electrical energy to produce a chemical change.

An electrolyte as a solution/liquid/dissolved substance that conducts electricity
through the movement of ions

In electrolytic cells, oxidation-reduction reactions take place in a direction in which
they do NOT OCCUR SPONTANEQOUSLY. Electrical energy is used to drive a
non-spontaneous reaction.

For electrolysis to take place, the following is necessary:

e Two electrodes, either inert (does not take part in the reaction) or active
(takes part in the reaction)

e An electrolyte - a substance that dissolves in water to form positive
(cations) and negative ions (anions) OR a substance having free positive
(cations) and negative ions (anions) when melted

e A source of direct electric current, e.g. cells or a battery

The battery acts as an 'electron pump’, pulling electrons from one electrode and
pushing electrons into the other electrode. Withdrawing electrons from an electrode
gives the electrode a positive charge, and adding electrons to an electrode gives it
a negative charge.

In an electrolytic cell the battery therefore determines which electrode is negative
and which one is positive (polarity).

lonic substances in the solid state cannot conduct an electric current. The
electrolyte is obtained by melting an ionic substance or by dissolving it in water in
order to enable the cations (positive ions) and anions (negative ions) to move
freely.

3.2.1 Electrolysis of molten salts using inert electrodes Inert electrodes do not take
part in the electrolysis reaction. Carbon or platinum are usually used as inert
electrodes.
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3.2.1.1 Electrolysis of molten sodium chloride

The diagram below shows a simple electrolytic cell using molten sodium chloride
as electrolyte. Wires from a battery are connected to electrodes dipped into molten
sodium chloride. The electrodes are inert and do not take part in the reaction.

g —p

Cathode

Molten NaCi

2C0F - Ch + 2¢ ZNa* + 2e” — 2Na

¢ In the above diagram, electrons flow from the negative terminal of the
battery. The electrode connected to the negative terminal of the battery is
the negative electrode. The electrode connected to the positive terminal of
the battery is the positive electrode.

e The electrolyte (NaCt) contains positive (Na*) and negative (C{") ions that
are, when melted, free to move around in the solution. These are the only
ions present in the melt.

¢ When electrons flow in the external circuit, negative ions in the electrolyte
move to /are attracted to the positive electrode. In the above cell, the Ct”
ions will move to the positive electrode.

¢ When electrons flow in the external circuit, positive ions in the electrolyte
move to /are attracted to the negative electrode. In the above cell, the Na*
ions will move to the negative electrode.

e At the positive electrode: Negative ions lose electrons at the positive
electrode according to the following half-reaction: 2Ct" — Cl2 + 2e~
A loss of electrons is oxidation. Oxidation takes place at the anode —
therefore the positive electrode in an electrolytic cell is the anode.

e Chlorine is a product of the oxidation. Chlorine is a gas — bubbles will thus
be observed at the positive electrode.

e At the negative electrode: The negative electrode has an excess of
electrons. The positive ions gain electrons at the negative electrode
according to the following halfreaction: Na* + €™ — Na A gain of
electons is a reduction. Reduction takes place at the cathode — therefore the
negative electrode in an electrolytic cell is the cathode.

e Sodium is a product of the reduction. Sodium is a solid and will be

deposited on the negative electrode. The mass of the negative electrode will

increase.

The net cell reaction is obtained by balancing the two half-reactions:
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2Na+ + 2e” — 2Na (Reduction; with Na* the oxidising agent)
2CC — Clz + 2e” (Oxidation; with C£” the reducing agent)

2Na+(f) +2Cf (1) — 2Na(f) + Cl2(g)
e The products of the electrolysis of molten NaC! are liquid sodium metal
(Na) and chlorine gas (Cf2). A specially designed cell, called the 'Downs cell’
is used to prepare these products commercially.

3.2.1.2 Electrolysis of concentrated copper (Il) chloride solution

In the simplified electrolytic cell below, an electric current passes through a solution
of copper (Il) chloride in water. Cu?* ions, C{” ions and water molecules are present
in the solution. Carbon rods are used as electrodes.

An Dde®

Cathode

CuCl.(aq)
‘or  —
2Cr — Chy + 2¢ Cu* +2e” — Cu

Part of redox Table

H0 )4 2e = H,+20H 0,83
Zn**+2e "= Zn -0,76
Cr3* +3e" = Cr* -0,74
Fe?* +2e = Fe -0,44

Cu* +e= Cu +0,16
S04?% + 4H* +2e" = SO2 +2H20 +0,17

Cuz* ;fe)/(:u +0,34

\

Clo + Z@'\=Nﬁt/2c" +1,36
Two half= tions are:

Cu?* + 2e” — Cu (Reduction)

2CI — Cf2 + 2e” (Oxidation)
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The net cell reaction is therefore:
Cu?* +2e”~ — Cu
2C1 — Cl + 2e”

Cu?*(aq) + 2Ct (ag) — Cu(s) + Cl2(g)

3.2.1.3 Electrolysis of concentrated solution of sodium chloride (brine)

Na* ions, CI” ions and water molecules are present in the solution. Carbon rods

are used as electrodes.

Cl,Gas — +—H,Gas
O<> O o
o [e]
o [e]

Electrode P 5

Part of redox Table

Na*  J+e = Na 2,71
Mg?*+2e = Mg -2,36
H20 w+ Hz +20H" -0,83
Zn**+2e° =  Zn -0,76
Cr¥* +3e" = Crt -0,74
Fe?* +2e- - Fe -0,44
Cu®+e- = Cu* +0,16
SO4% + 4H* +2e- = SOz +2H20 +0,17
Cu?* +2e = Cu +0,34

Cl +2g" ¢t Jv +1,36

H20 + 2H* + 2e- +1,77
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' Electrode Q
I Concentrated NaC%(aq)

H20+ 2e" = H2 + H2 +20H" (Reduction) Cathode

2CIF = Cl2+ 2e (Oxidation) Anode
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Net Reaction

2H20 + 2CIF — > H2 + Cl2 +20H-
Major reactions in the chlor-alkali industry

Industrial Applications of Electrolysis

Electroplating: It is a process to plate one metal with a thin, even layer of another metal.
A metal is electroplated to protect against corrosion and/or to improve appearance.

Refer to the following diagram to plate an iron spoon with silver:

s
@ I [’_‘d iron spoon

silver (as cathode)
anode

| plating bath

silver nitrate solution

e The metal object to be electroplated (the iron spoon) is made the cathode.
e The plating metal (silver) is made the anode.
e The electrolytic cell contains the plating metal solution (silver nitrate) as the
electrolyte.
At the anode
Ag(s) — Ag*(aq) + e
At the cathode
Ag*(aq) + e — Ag(s)
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PURIFICATION OF METALS
Electrolytic refining could be used to purify metals such as lead and copper.

In the refining of copper, an aqueous solution of copper (Il) sulphate is used as the
electrolyte. A block of impure copper is used as the anode. A sheet of pure copper is
used as the cathode. Refer to the following diagram:

f = t -
/
electrolysis
block of impure — |:|.'>
copper (anode) = thicker sheel of
. ~—— pure plire copper

EUlF'F':;'é ! copper sheet k%—l

. {cathads)

solutin impurities from anode

At the anode

Cu(s) — Cu?*(aq) + 2e
At the cathode
Cu?*(aq) + 2e- — Cu(s)

Impure metals from the impure copper block will fall down the electrolyte as sludge.
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QUESTION 1 MULTIPLE CHOICE QUESTIONS

1.1 In each of the electrolytic cells below, copper (Il) sulphate is used as the

electrolyte. The electrodes are either carbon (C) or copper (Cu).

Cu

In which cell(s) will the concentration of the electrolyte remain constant during

Cu

electrolysis?

A

B

C

D

() only

(i) and (i) only

(i) and (iii) only
(ii) and (iii) only

Cu

(2)

1.2  Alearner wants to electroplate a copper ring with nickel. He uses the experimental
set-up shown in the simplified diagram below.

FPower
source

——Mickel rod
Ring O
Electrolyte
Which ONE of the following is CORRECT?
ANODE CATHODE ELECTROLYTE
A Copperring Nickel rod CuS0y4
B Nickel rod Copper ring CusS0y
C Copper ring Nickel rod NiSO.
D Nickel rod Copper ring NISO4

1.3

(2)

A sample of silver contains impurities of gold. During purification by electrolysis,
the impure silver is made into an electrode.
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Which ONE of the following is the best choice of anode and cathode for this

process?

Cathode Anode
A Pure gold Impure silver
B Impure silver Pure gold
C Pure silver Impure silver
D Impure silver Pure silver

Which ONE of the equations below represents the half-reaction occurring at
the CATHODE of an electrochemical cell that is used to electroplate an object?

A Ag — Agt+e

B Cr3*+3e- — Cr
C Cr¥f+e — Cr

D Cu?+e — Cu*

Consider the reaction represented by the balanced equation below:

Cu(s) + 2Ag+(aq) — Cu2+(aq) + 2Ag(s)

In the above reaction, Cu(s) is the ...

A oxidising agent and is reduced. B oxidising agent and is oxidised.

C reducing agent and is reduced. D reducing agent and is oxidised. (2)
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QUESTION 2
The electrochemical cell below is set up to demonstrate the purification of copper.
2.1  Write down the type of electrochemical cell illustrated above. (2)
iCopper() choi
solution

The graphs below show the change in mass of the electrodes whilst the cell is in

operation.
A

Mass (g)

v

Time (min.)
2.2 Define a reducing agent in terms of electron transfer. (2)
2.3 Which graph represents the change in mass of electrode A? (1)
2.4 Write down the half-reaction that takes place at electrode A. (2)

2.5 Electrodes A and B are now replaced by graphite electrodes. It is observed
that chlorine gas (Cf2) is released at one of the electrodes.

At which electrode (A or B) is chlorine gas formed? Fully explain how it is formed.
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QUESTION 3

The apparatus below is used to demonstrate the electrolysis of a concentrated sodium
chloride solution. Both electrodes are made of carbon. A few drops of universal indicator
are added to the electrolyte. The equation for the net cell reaction is:

2NaCl(aq) + 2H20(f) — Cla(g) + Hz(g) + 2NaOH(aq)

Power
source

Electrode Y —— L Flectrode X

+—— NaC{(aq) and
universal indicator

Initially the solution has a green colour. Universal indicator becomes red in acidic
solutions and purple in alkaline solutions.

3.1 Define the term electrolyte. (2)

When the power source is switched on, the colour of the electrolyte around electrode Y
changes from green to purple.

3.2 Write down the:
3.2.1 Half-reaction that takes place at electrode Y (2)
3.2.2 NAME or FORMULA of the gas released at electrode X (1)

3.3 Refer to the Table of Standard Reduction Potentials to explain why hydrogen gas, and
not sodium, is formed at the cathode of this cell. (2)
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QUESTION 4

A technician is plating a bracelet with chromium in an electrolytic cell containing
Cr2(S0a)s(aq). The simplified diagram of the electrolytic cell is shown below.

Power
source
— Electrode X
Bracelet ~>Q
Crz(SO4)3(aq)
41 Define the term eletiralyte (2)
4.2 Which electrode, the BRACELET or X, is the cathode? (1)
4.3 Write down the:
4.3.1 Metal of which electrode X is made (2)
4.3.2 Reduction half-reaction (2)
4.4 During the process, the bracelet is plated with 0,86 g chromium. Calculate the
number of electrons transferred during the process. (6)
[12]
QUESTION 5
The simplified diagrams below represent two electrochemical cells, A and B.
A concentrated copper(ll) chloride solution is used as electrolyte in both cells.
ELECTROCHEMICAL CELL A ELECTROCHEMICAL CELL B
|1 I
[ |7
Carbon | [ Carbon
Coppe ™| — Copper
: :
Concentrated CuC®,(aq) Concentrated CuC€;(aq)
5.1 Are A and B ELECTROLYTIC or GALVANIC cells? (1)
5.2 Which of the electrodes (P, Q, R or T) will show a mass increase? Write down
a half-reaction to motivate the answer. 4)
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5.3 Write down the NAME or FORMULA of the product formed at:
53.1 Electrode P
53.2 Electrode R
5.4 Fully explain the answer to QUESTION 5.3.2 by referring to the relative
strengths of the reducing agents involved.
QUESTION 6
The simplified diagram below represents an electrochemical cell used for the purification
of copper.
DC source
Electrode A —
Electrode B
Electrolyte —> (impure copper)
6.1 Define the term electrolysis.
6.2 Give a reason why a direct-current (DC) source is used in this experiment.
6.3 Write down the half-reaction which takes place at electrode A.
6.4 Due to small amounts of zinc impurities in the impure copper, the electrolyte
becomes contaminated with Zn?* ions.
Refer to the attached Table of Standard Reduction Potentials to explain why
the Zn?* ions will not influence the purity of the copper obtained during this
process.
6.5 After the purification of the impure copper was completed, it was found that

2,85 x 102 moles of copper were formed.

The initial mass of electrode B was 2,0 g. Calculate the percentage of copper
that was initially present in electrode B.

100

(1)
(1)

(3)
[10]

(@)
1)
(@)

3)

(4)
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QUESTION 7

In the electrochemical cell below, carbon electrodes are used during the electrolysis of
a concentrated sodium chloride solution.

GasX —p» GasY
Oo o le)
o (o]
o o
Electrode P ’ Electrode Q
<++—Concentrated NaC€(aq)

The balanced equation for the net (overall) cell reaction is:
2H20(f) + 2Cf—(aq) — Cl2(g) + Hz(g) + 20H~(aq)
7.1 Is the reaction EXOTHERMIC or ENDOTHERMIC?
7.2 Is electrode P the ANODE or the CATHODE? Give a reason for the answer.

7.3 Write down the:

7.3.1 NAME or FORMULA of gas X
7.3.2 NAME or FORMULA of gas Y
7.3.3 Reduction half-reaction
7.4 Is the solution in the cell ACIDIC or ALKALINE (BASIC) after completion of the

reaction? Give a reason for the answer.

QUESTION 8

The diagram below shows a simplified electrolytic cell that can be used to electroplate a
plastic ring with nickel. Prior to electroplating the ring is covered with a graphite layer.

Battery
—e
Plastic ring coated — 4>© L Nickel electrode
with graphite
NiSQq4(aq)
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8.1 Define the term electrolyte. (2)

8.2 Give ONE reason why the plastic ring must be coated with graphite prior to
electroplating. (1)

8.3 Write down the:
8.3.1 Half-reaction that occurs at the plastic ring (2)

8.3.2 NAME or FORMULA of the reducing agent in the cell. Give a reason for the
answer. (2)

8.4 Which electrode, the RING or NICKEL, is the cathode? Give a reason for the answer.
The nickel electrode is now replaced with a carbon rod.

8.5 How will the concentration of the electrolyte change during electroplating? Write down
only INCREASES, DECREASES or NO CHANGE. Give a reason for the answer.  (2)
QUESTION 9

The diagram below shows an electrochemical cell used to purify copper. A solution

that conducts electricity is used in the cell.

9.1 Write down:

9.1.1 ONE word for the underlined phrase above the diagram (1)

9.1.2 The type of electrochemical cell illustrated above (1)
9.2 In which direction (from A to B or from B to A) will electrons flow in the

external circuit? (1)

9.3  Which electrode (A or B) is the:
9.3.1 Cathode 1)
9.3.2 Impure copper (1)

9.4 How will the mass of electrode A change as the reaction proceeds? Choose from
INCREASES, DECREASES or REMAINS THE SAME.

Give a reason for the answer. (2)
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PHYSICAL SCIENCES

GRADE 12

FERTILISER INDUSTRY

2. Fractional | N 1 |
distillation of l NO | | NO, | | HNO, l
liquid air 4. Ostwald
| 0, Process

5. Ammonium
nitrate production

3. Haber

Process -
8. Ammonium
1. Coal ; sulphate production
gasification o, ,]| H;NCONH,
and steam 6. Urea { (NH.),50,
. 412 4
reforming production

50, | {50, || H.s,0, | Haso, |
m I 7. Contact Process |

| 9. Phosphoric acid production I

| Phosphate mining | [H,PO, |—{ cag(POL)sF |

MOVING BEYOND THE LIMITS, SETITING THE STANDARD AND
LEAVING NO CHILD BEHIND
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CHEMICAL INDUSTRY
FERTILIZERS
TERMINOLOGY:

A fertilizer is a chemical compound that is given to a plant to promote growth.

Fertilizer provide basically 3 major plant nutrients (primary nutrients) are NPK Nitroigen,
potassium and phosphorous.

Nutrients are absolved as dissolved salts from the soil. Without nutrients plants would not
be able to make food for animals.

Fertilizers are grouped into organic and inorganic fertilizers.

Organic fertilizers are made from natural products like manure.

Inorganic fertilizers are industrially produced compounds.

Importance of primary nutrients
Nitrogen
Absorbed as nitrates and ammonium salts. Nitrogen helps plants to have healthy leaves

and stems.( for leaf system)

Plants use nitrogen to produce proteins and vitamins
Phosphorous

Plants make use of phosphorous for the development of roots and cells.
(for root system).

Potassium

Potassium helps plants in the process of cell division, production of carbohydrates and in
the uptake of nitrogen as a nutrient.
Potassium is needed for flowers and fruit development.( fruits and flowers)
Fertilizers are needed to replace the nutrients plants remove from the soil.
Natural sources of fertilizers
¢ Animal manure and plant composite(plant decompose)
e Guano(bird dropping)

e Bone meal
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NPK RATIOS AND PERCENTAGE COMPOSITION
The nutrient quantity in fertilizer bags are determined by using the given ratios. Fertilizer
packing contains a set of numbers 6:1:5. These numbers are called N:P:K ratio and they
give the mass ratio of nitrogen, potassium and phosphorous in the fertilizer.
NPK is the ratio (proportion) in which nitrogen, phosphorous and potassium
occurs in a certain quantity of fertilizer.
A number in the brackets after the ratio indicates the percentage by mass of fertilizer.
3:1:5(38)
38 is the total percentage by mass of fertilizer
Depending on the type of plants you are growing and the growth stage they are in, you
may need to use a fertilizer with different ratio.
For root growth, use a fertilizer with a greater ratio of phosphorous in it.
For leaf growth fertilizer with a greater ratio of nitrogen and for fruits a fertilizer with a
greater ratio of potassium.
Worked examples

1. Calculate the mass of nitrogen present in the 5009 of fertilizer with a NPK ratio

5:2:3(40)
Mass of fertilizer = 0,4 x 500 = 200g

Mass of nitrogen = 130 X 200 =100g

1 A bag of fertilizer is marked as follows 3:1:4(26). Calculate the percentage
compostion of nitrogen, potassium and phosphorous.
Total ratio = 3+1+4 =8

3

%N :§X26:9,75%
4

%KZEX 26 =13%

%P = %x 26 = 3.25%

2 A 50kg bag of fertilizer is labelled as 3:1:5(30). Calculate the mass of phosphorous
in this bag of fertilizer.
Mass of fertilizer = 0,3 x 50 = 15kg

5
Mass of P =5 x 15 = 8,33kg

105



J E N N ‘@if EASTERN CAPE

Sm——n.l EDUCATION

Training and Consultancy(PtyjLtd

Option 2
5
%P = 5 x30 = 16,67%

Mass of P = 0,1667 x 50 = 8,33kg

Two 50kg bags containing fertilizers P and Q respectively are labelled as
Fertilizer P: 5: 2: 3(25)

Fertilizer Q: 1:3:4(20)

What does the number 25 and 20 on the labels represent?

Total percentage of fertilizer

Using calculations determine which fertilizer (P or Q) contains the greater mass of
potassium

Mass of fertilizer in P = 0,25 x 50 12,5 kg

3
Mass of K in fertilizer P = Ex 12,5 = 3,75kg
Mass of fertilizer in Q = 0,2 x50 = 10kg
4
Mass of K in fertilizer Q =g X 10 =5 kg

Fertilizer Q has more potassium per mass than fertilizer P

Thabo wants to start a vegetable garden in his community. The department of
agriculture donates the four fertilizers described below

A: 7:1:3(21)

B; 3:2:1(28)

C: 2:3:4 (22)

D: ammonium sulphate

What is the meaning of 21 indicated at fertilizer A?_Total percentage of fertilizer

From fertilizers A; B and C, choose a fertilizer which is most suitable for

Spinach A (_nitrogen)

Tomatoes C (potassium)

Maize C (phosphorous)

Calculate the

(a) Percentage of nitrogen in fertilizer B
3
%N = EX 28 = 14%

(b) Mass of potassium present in a 20kg bag of fertilizer C
Mass of fertilizer = 0,22 x 20 = 4,4kg
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4
%K = ;X 4,4 = 1,96kg

Nitrogen based fertilizers
Production of ammonium nitrate

Air
Fractional distillation of liquid air
Nitrogen
H2 Haber process
NH;

NHiNO3 y — Nitric acid

1. Production of nitric acid (OSTWARD Process)
Ammonia is oxidised by heating it with oxygen in presence of
platinum catalyst to form NO and H-O

4ANH3 + 502 —>4NO + 6H20

The NO is oxidised again to yield nitrogen dioxide
2NO + 02 = 2NO2
The NO:2 is absorbed by water to produce HNO3

Un reacted NO is recycled and acid is concentrated to the required strength.

2. Production of NH3(Haber process)
N2 and H2 gas react to produce NHzs gas in presence of iron as a catalyst under
high pressure of 200 atmospheres and temperature 450-500°C
N2 +3 H2 <= 2NH3

3 Production of H2

H2 is produced by steam reforming of CHa4 gas
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At high temperatures (700-1100°C) steam reacts with methane to yield a

mixture of CO and H2
CHs + H2O— > CO + 3 H2
During second stage, taking place at 130°C additional Hz is produced
CO+H20 —> CO2+H2
Production of NH4NO3
HNOs acid reacts with NHs to form the salt
NH3 + HNO3z —> NHsNOs
UREA (NH2)2CO
It is produced by reaction of CO2 with NH3
Production of (NH4)2SO4

Air

lFractionaI distillation of liquid air

Nitrogen

Halyer process

NH3 —

" Ammonium sulphate

Sulphuric acid

Production of sulphuic acid (contact process)

Sulphur is burned to produce SO2

S+02 —>S02

SOz is oxidized to SOs using Oz in presence of vanadium (v) oxide

SOz +H2S04 — H2S207 (oleum)

H2S207 +H20 — = 2H2S0a

SOs is not dissolved in water to produce the acid because the reaction is highly

exothermic and forms acid mist.
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FLOW DIAGRAM

Air

l

OXygen

Sulphur

SO,

H2S04

AMMONIUM SULPHATE

H2SO4 is reacted with ammonia to produce a solution of ammonium sulphate ((NH4)2SOa4)
Potassium base fertilizers

The potassium containing fertilizers used industrially in agriculture are potassium chloride,
potassium sulphate and potassium nitrate. Potassium is not available in SA so it is
imported from other countries.

Phosphorous base fertilizers

Come from phosphate salt mined at phalaborwa in SA. The natural phosphate rock is
insoluble in water and therefore not accessible to plants.

The phosphate rock is dissolved in sulphuric aci to form form super phosphate thate can
be absorbed by plants

2Cas(POa)sF + 7H2S04 —>3Ca(H2P04)2 + 7CaS04 +2HF

If phosphoric acid is reacted with the rock triple super phosphate is produced

Cas(POa4)sF + H3POs4 = 5Ca(H2PO4)2 + HF
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ENVIRONMENTAL IMPACT OF ARTIFICAL FERTILIZERS

The excessive use of artificial fertilizers leads to eutrophication.

Rain leaches excessive fertilizers into rivers and dams causing the growth of algae
to increase. When algae dies and decomposes, it depletes the oxygen in the water.
This leads to suffocation of aquatic animals such as fish and they eventually die.
These areas are called dead zones.

Fertilisers in water leads to excess of nitrates in water resulting in blue baby
syndrome/cancer.
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EXAM TYPE QUESTIONS
QUESTION 1 MULTIPLE CHIOCE QUESTIONS

11

1.2

1.3

1.4

15

1.6

The primary nutrient needed by plants for the promotion of root growth is...

A Nitrogen B Phosphorus

C Potassium D Calcium (2)
Which ONE of the following is a primary nutrient for plants?

A Oxygen B Carbon

C Potassium D Magnesium (2)

Which ONE of the following pairs of reactants is used in a reaction during the contact

process?
A N2(g) and Hz(Q) B SO2(g) and O2(9)
C NHs(g) and O2(g) D H2S04(£) and NH3(g) (2)

Which ONE of the following compounds is produced in the Ostwald process?

A N2(g) B NHs3(g)

C HNO3(£) D NH4NO3(s) (2)
Eutrophication involves the following stages:

() Increase in growth of algae

(i) Increase in nitrate concentration

(iii) Death of fish

(iv) Decrease in oxygen concentration

Which ONE of the following CORRECTLY represents the order in which these
stages occur?

A (i) (i) (iii) (iv) B (i) (i) (iv) (iii)

C (ii) (i) (iii) (iv) D (i) (i) (iv) (iii) (2)
A gardener needs a fertiliser with the highest percentage of the relevant nutrient to
obtain a green lawn.

Which ONE of the following NPK fertilisers will give the best results?

A 8:1:5 B 7:1:1

C 3:2:3 D 3:1:5 (2)
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QUESTION 2

Sulphuric acid is used, amongst others, in the manufacturing of fertilisers. The flow diagram

given below shows how fertiliser D can be prepared using sulphuric acid as one of the

reagents.
Sulphur Oxygen
A\ 4
Compound A
A\ 4
Compound B
\ 4
Compound C
A\ 4 X
Sulphuric acid Ammonia > Fertiliser D
2.1  Write down the NAME of the industrial process for the preparation of sulphuric acid.
(1)
2.2 Compound A is formed when sulphur burns in oxygen. Write down the NAME or
FORMULA of compound A. (1)
2.3  Compound B is formed when compound A reacts with oxygen in the presence of a
catalyst. Write down the:
2.3.1 NAME or FORMULA of the catalyst (1)
2.3.2 Balanced equation for the reaction which takes place (3)
2.4  Compound B is dissolved in concentrated sulphuric acid to form compound C.
Write down the:
2 .3.1 NAME or FORMULA of compound C Q)
2.3.2 Reason why compound B is not dissolved in water to form sulphuric acid
2.5  Write down the NAME or FORMULA of fertiliser D. (1)
2.6 Inorganic fertilisers are soluble in water. This can result in eutrophication if they are

washed off into rivers during heavy rain. Write down ONE negative impact of

eutrophication on the economy of a country. (2)
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QUESTION 3
The flow diagram below shows the processes involved in the industrial preparation of

fertiliser Q.

Ostwald >

Reactants Haber »  Product A

Main product B

\ 4
Fertiliser Q

Write down the:
3.1.1 NAMES or FORMULAE of the reactants used in the Haber process (2)
3.1.2 Balanced equation for the formation of fertiliser Q (3)

3.2  The diagram below shows a bag of NPK fertiliser.

Calculate the mass of nitrogen in the bag. 4)

QUESTION 4
Ammonia is an important fertiliser. Large amounts are prepared from hydrogen and nitrogen
in industry.

4.1  For the industrial preparation of ammonia, write down:

4.1.1 The name of the process used (1)
4.1.2 A balanced equation for the reaction that occurs (3)
4.1.3 The source of nitrogen (1)

4.2  The yield of ammonia changes with temperature and pressure during its industrial
preparation. The graphs below show how the percentage of ammonia in the reaction

mixture that leaves the reaction vessel varies under different conditions.
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4.2.1 Use the appropriate graph to estimate the percentage of ammonia present in
the reaction mixture at 240 atmosphere and 400 °C. (1)
4.2.2 State TWO advantages of using high pressure in the preparation of ammonia.
(2)
4.2.3 The advantage of using a low temperature is the large percentage of
ammonia formed. What is the disadvantage of using a low temperature?
4.3 Ammonia is also used in the preparation of other fertilisers such as ammonium
nitrate. Calculate the mass of nitrogen in a 50 kg bag of pure ammonium nitrate
fertiliser. (3)

QUESTION 5
The flow diagram below shows the processes involved in the industrial preparation

of fertiliser Q.

Process Y
N2(g) + Ha(g) GasP |« SO, (g) + 01(g)
V,0s
H2S04(8)
\ 4
Process X Compound B
H.0(2)
\ 4 \ 4
Compound A Compound C
A 4
Fertiliser Q
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Write down the:

5.1.1 Name of process X (1)
5.1.2 Name of process Y (1)
5.1.3 NAME or FORMULA of gas P (2)
5.1.4 Balanced equation for the formation of compound B 3)
5.1.5 Balanced equation for the formation of fertiliser Q 4)

5.2  The diagram below shows a bag of NPK fertiliser of which the NPK ratio is unknown.
Itis found that the mass of nitrogen in the bag is 4,11 kg and the mass of phosphorus
is 0,51 kg.

TP TR v 1
Calculate the NPK ratio of the fertiliser.

QUESTION 6

The industrial process for the preparation of sulphuric acid involves a series of stages.
The second stage in this process involves the conversion of sulphur dioxide into
sulphur trioxide in a converter as illustrated below. In the converter the gases are
passed over vanadium pentoxide (V20s) placed in layers as shown below.

_ [

Sulphur dioxide ————e___ WO
and air - layer 1
WoOs
- layer 2
v205 _
Converter —— o - layer 3
— - layer 4
|y
vlv Gas outlet
Write down the:
6.1.1 Balanced equation for the reaction taking place in the converter 3)
6.1.2 Function of the vanadium pentoxide (2)

The table below shows data obtained during the second stage.
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VANADIUM | TEMPERATURE OF | TEMPERATURE OF PEFF‘{";T;AA‘:; OF
PENTOXIDE | GAS BEFORE THE | GAS AFTER THE CONVERTED TO
LAYER REACTION (°C) REACTION (°C) PRODUCT
1 450 600 66
2 450 518 85
3 450 475 93
4 450 460 99,5

6.2 Is the reaction in the second stage EXOTHERMIC or ENDOTHERMIC? Refer

to the data in the table to give a reason for the answer.

(2)

6.3 After the conversion at each layer the gases are cooled down to 450 °C. Fully

explain why the gases must be cooled to this temperature.

3)

6.4 During the third stage sulphur trioxide is dissolved in sulphuric acid rather

than in water to produce oleum.
6.4.1 Write down the FORMULA of oleum.

6.4.2 Give a reason why sulphur trioxide is not dissolved in water.

(1)
(1)

6.5 Sulphuric acid reacts with ammonia to form a fertilizer. Write down a balanced

equation for

QUESTION 7

this reaction.

3)

Reactions A, B, C and D in the flow diagram below represent the manufacturing of

-

H2S04(0)

Fertiliser X

A

Write down the name of the industrial preparation of sulphuric acid

7.2.1 NAME or FORMULA of the catalyst used in reaction A

Fertiliser X.

SO4(9)

A B
SO4(q) » HaS:07(0)
0Oa(9)
7.1
7.2 Write down the:
7.2.2 Balanced equation for reaction C

7.3

Ammonia is one of the reactants used in reaction D to make Fertiliser X.
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Write down:

7.3.1 A balanced equation for reaction D

7.3.2 The NAME of Fertiliser X
QUESTION 8

Ammonium nitrate is an important fertiliser. It is produced by reacting nitric acid with

ammonia. Both nitric acid and ammonia are prepared on a large scale in industry.
8.1 Write down the name of the industrial preparation of nitric acid. (2)

8.2  The catalytic oxidation of ammonia is one of the steps in the process named in
QUESTION 8.1.

Write down the NAMES or FORMULAE of the TWO products formed in this step. (2)

8.3 Write down a balanced equation for the preparation of ammonium nitrate. (3)

8.4  Calculate the mass, in kilogram, of ammonium nitrate that can be made from
6,8 x 10* kg of ammonia and excess nitric acid.

(One mole of ammonia produces one mole of ammonium nitrate.) (3)

8.5  Ammonium nitrate is often mixed with potassium chloride and ammonium

phosphate. Give a reason why it is mixed with these compounds. (2)
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QUESTION 9

Different processes used in the preparation of fertiliser E are represented in the flow
diagram below.

Sulphur Oxygen
GasA
Process X
\ 4
GasB
\ 4
Haber Process Oleum
v A\ 4
Compound D Compound €
|
A\ 4
Fertiliser E
9.1 Use the above information and write down the:
9.1.1  NAME or FORMULA of gas A (1)
9.1.2 Name of process X (1)
9.1.3 NAME or FORMULA of the catalyst used in process X (1)
9.1.4 FORMULA of oleum (2)
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9.2 Describe ONE negative impact on humans when fertiliser runs off into
dams and rivers as a result of rain. (2)
9.3 Write down the NAME of the most important primary nutrient required to enhance:
9.3.1 Leaf growth of spinach (1)
9.3.2 Flower and fruit production of peach trees (1)
9.4  Which ONE of the three primary nutrients is absorbed by plants the
least? (1)
QUESTION 10

Different processes used in the preparation of fertiliser C are represented in the flow

diagram below

MNitrogen Hydrogen

‘ Process X |

v

NH:(g) Reaction‘{' NO(g) _A.] NOJ(g)

H20, O3
< Compound B
Fertiliser C

Use the above information and write down the:

10.1 NAME of the industrial preparation of nitrogen (1)
10.2 NAME of process X (1)
10.3 NAME of reaction Y (1)
10.4 NAME or FORMULA of compound A (1)
10.5 Balanced equation for the preparation of compound B from NO2(g) 3)
10.6 Balanced equation for the preparation of fertiliser C 3)
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SOLUTIONS TO TYPICAL EXAM QUESTIONS

1. ELECTRIC CIRCUITS

QUESTION 1

11

C 12 C 1.3

QUESTION 2

2.11s the maximum amount of energy given per colomb of charge passing through the

D 15 C

battery.
2.2.1
OPTION 1 OPTION 2
Vp = 2,8V 1 1 1
lag = j =0,7A r R R,
28 1 _ 1.1
lio = T - 2,8A R// 4 1
lT=0,7+2,8=35A R=08QY
Vi=Rulr
2,8=0,8.I7
It =3,5A
2.2.2
OPT1ION 1 OPTION 2
€ = It (Rext + r7) Vi=3-28=0,2V
3=3,5(0,8 +r7) Vr=lr.rr
rr=0,06Q 0,2=3,5.rr
for each cell = 0,03Q rr=0,06Q

each cell = 0,03Q

A
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QUESTION 3

3.1.1 Keep the temperature (of battery) constantv’ (2)

312 Graph of potential difference vs current
2.0

5.0

.0

2.0

i

0 B ! 0.6 DA T,
(A
313 72vV (1)

AV

3.1.4 Slope =—
P Al

0,72
~0,8-0
r=9Qv
321 P =VIV
100 = 20(1) v
|=5Av

3.2.2 OPTION 1
2
P = V—\/

R
(20)°
= v

R 150
=267QY 3)

OPTION 2
P=VI

150 = (20)I
=7 5(A ) v'Both formulae
V=IR
20=(75R VY
R=267QV

OR/OF
P=I7R 3)

121




' Training end Consultancy(Pty)Ltd

=g '-l_-l_;--{fprovmce of the
% SYEASTERN CAPE
g

” EDUCATION

150 = (7,5)2Rv
R=267QV

OPTION 3
Ix @ ly
5 :75
1 :15

Rx : Ry
15:1v
4v:267 Qv

3)

QUESTION 4

Ry =3,75Qv

4.2 V10a = l100.R10v’
=10(0,6) v =6V

V1o0a = Vea = Vi

Vi =Rt

6 = (3,75).Itv

It =1,6 AV

4.3 Rext = Ry + R1 +R2

=3,75+8 +5=16,75Q

€=l (Rext+7)

30 = 1,6(16,75 + 1)

3)

(4)
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r=2Q
QUESTION 5
5.1.1 Vi =Rs.ls
Vi =0,2(4 + 8)
=24V
5.1.2 R120: R2a
12:2
6:1
l20 =0,2(6) =1,2 A
tT=12+02=14A
513 &€ =Vex +It.r
=2,4+0,5(1,4)
=31V

5.2 INCREASE

Removing the 2 Q resistor increases the total resistance of the circuit. Thus the total

Province of the

SYEASTERN CAPE

el
S S

” EDUCATION

current decreases, decreasing the Vint (Vlost). Therefore the voltmeter reading increases

QUESTION 6

6.1.1 Ensure that the wires are of the same length; same thickness.

6.1.2 Wire A
AV
R= 7T
4,4
Ra=—=11Q
4
_ 22 _
Re = 0,_4 - 5,5Q
E = I?2RAt
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For the same time and current, the heating in A will be higher because of its resistance is

higher than that of B.

6.2.1
OPTION 1 OPTION 2
Is50 : 1110 V=IR
2:1 V110=0,2 X 11
550 =0,2 X 2 =22V
=0,4A V550 =V11a=2,2V
_ 22 _
Is,50 = 5§ - 0,4A
6.2.2
OPTION 1 OPTION 2
V=IR Ir=0,4+0,2=0,6A
ItT=04+0,2=0,6 A Vext = V11a + Vi
i_iJri = I7(R11 + 3,67)
R, Ri R =0,6(11) + 2,2
1 1 1
_ — e = 8,8V
R// 11 5,5
€E=Vext+IT.1
Ry =3,67Q
9=8,8+06Tr
Rt =Ry + Ra
R =0,33Q
=3,67+11=14,67Q
€ =It(Rext + 1)
9=0,6 (14,67 +7r)
R =0,33Q

6.2.3 Decreases, total resistance increases
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QUESTION 7
7.1.1

To changel/vary the external resistance in the circuit in order to change/vary the
(total) current through the battery.
7.1.2 Current

7.1.3 6V
714 Vi=6-2=4V

7.2.1 It is an indication of the maximum amount of energy given per colomb of charge
passing through the battery.

7.2.2 P = VIV
12 = V(v
Viow = 6V
Vea = IR
= ()
= 12V
Vp =12+6=18V
2
o V2
R
2
1222\/
R 1 1 N 1
Riow = 3Q 5 b B
Rp R, R,
RATIO: Raa : Rsa
3:2 lea = V/R 1.1,
: 9 6
|$;Q: ‘1;30 y - 18/6 OR
lea =3 A Rp= 3,6
ki =3+2v =5A | _RpI
[s]e] _?
Vs = IR
= (5)2) V=10V ®)
Vekst = Vp + Vs
=18+ 10
=28V
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7.2.3
OPTION 1
Vi
=Y OPTION 2
30-28 v
= emf(e)=I(R+r) v
| =04 AV 3025(5,6+I’)\/
' r=04Qv (3
7.2.4 Increasev

Total resistance in circuit increase and the total current decrease. v
Vinternal Will decrease. v
Therefore: Vexiemal Will increase because emf stays constant. v

2. ELECTRO-DYNAMICS

QUESTION 1

11 A 1.2 A 13 C 14 B 15 C 16 A
1.7 D 18 B

QUESTION 2

2.1.1 Anticlockwisev’ (1)

2.1.2 The rate of change in the magnetic fluxv' is a maximum v'at
this position. (2)

213 OPTION1

V(V) \ / t(s)
\V

126



Province of the

EASTERN CAPE

EDUCATION

i

o

OPTION 2

)

V(V) A t(s)
RN

2.1.4 Increase the rotation speed of the coil. v/

(1)

2.1. Electrical energy can be transmitted over long distances (with the use of

5 transformers). v OR
The voltage can easily be adapted for different needs (by means of

transformers.)

2.2 | - |
rms \/E ‘/
_
V2
Ims = 4,95 A

Pave = 12msR v
80 = 4,952(R) v
R =326AV

QUESTION 3

3.1.1 Electromagnetic Induction

3.1.2 The rate of change in the magnetic flux is a maximum at position A.
3.1.3 DC generator : split ring commutator

AC generator : slip rings

3.14

3.21 18V
3.2.2 Pave =Vmslms
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41.1

4.1.2

4.1.3

42.1

4.2.2

60 = 18(|rms)
(|rms) = 3,33A
I

_ tmaE

I =
mis ."II'E

3.33 o

2

lmax = 4,71 Av

QUESTION 4

atobv

:}3} -_-_o-‘/fprov.nce of the
4 Y

SYEASTERN CAPE

S, EDUCATION

Fleming's left hand rule /Left hand motor rulev’

ACCEPT
Right hand rule

Split rings /commutator v/

Mechanical/Kinetic energy to electrical energy. v'v' (2 or/of 0)

OPTION 1 OPTION 2
_ Vmax v Vmax = ImaxR v
Vims = 2 430 = Imax(400) v/
Imax = 1,075
430 v
== e 1075
= 304,06 V "oV2 2
Y =0,76 AV
"R
30406
400
=0,76 AV
OPTION 3 OPTION 4
V V
V o max ‘/ V o max \/
ms \/E ms \/E
430 430
=——= "= 304,06 V =——= = 304,06 V
J2 J2
o - Vims _(304,06) o _Vime _(304,06)
average R - 400 average R - 400
=231,13W =231,13W
Pave = |rmsVrms‘/ Pave = |2rmsR\/
231,13 = Ims (304,06) v 231,13 = [2ms (400) v’
Irms = 0,76 AV Irms = 0,76 AV
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QUESTION 5
5.1.1 Anticlockwise
5.1.2
jé +100 -4
%> I
= |
22 I
= [
RS .
S5 0,1 t(s)
=&
D=
-
g% -100
S ¢

5.1.3 Decrease the frequency/ speed of rotation
5.2

P Vo]

awverage/ gemiddedd = Vims s
1500 = (220)(lims)v
Ims = 6,82 A

— Imax-'malra v’

I e
rms ﬁ

Imasimaks = (V2 )6.82)
=965 A

QUESTION 6
6.1 Increase the speed of rotation. v*

OR
Increase the number of coils.

OR
Increase the strength of the magnetic field..

6.2 Commutators replaced by slip rings. v/

OR
Slip rings were used v
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6.3

6.4

7.1

7.2

7.3
7.4.1

7.4.2

8.1.1

8.1.2

Potential differnece (V)

Province of the

i’ EASTERN

EDUCATION CAPE
ZV"_'7§ """""""""" 7
[\ [y
= \Y I’ ----------------- I I -------- \
s | \
3 AN '
= \ ‘ e
VN
5 \ ' |
B \_/ \J/
Vmax ?
P. = Vr?ns v = (\/EJ v
ave R R
5)
120 = \E v
R=481,52Q Vv

Electromagnetic induction v/

Rotate the coil faster/Increase the number of coils/ Increase the strength of the

magnetic field.

Slip ringsv’

It is the value of the voltage in a DC circuitv’ that will have the same heating effect

as an AC circuit. v/

V
Vims = —= v

V2

_ 339,45 v

J2

Vs = 240,03V v Accept(240,03 — 240,74)

Move the bar magnet very gquicklyv'v"'OR up and down inside the coil v'v’

Electromagnetic inductionv’
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Faraday’s Law (of electromagnetic induction)

Commutator/ split ringv’

OPTION 1
V2 2
Paverage =5~V W = Yims v
R R
2 v
=
T 4033
=1200,10J v
=1 200,10 W (J-s)v’
OPTION 2
| — Vrms v | — Vrms v
ms R rms R
_220 _220
40,33 40,33

=545 A ‘>
2
Paverage = IrmsR

= (5,452)(40,33) ¥
=1 197.9 W OR/OF 1 200,10 Wv'

=5,45A
W =12 RAt >

= (5,45%)(40,33)(1)v

=1197,9 J OR/OF 1 200,10 Jv/

OPTION 3
—_ VrmS v
me =R
220
4033
=545A
Paverage =Vrms I rms >

= (220 )(5,45) v
=1 199 W or/of 1 200,10 Wv

220 v
40,33

=545A
W= VrmslrmsAt >

=(220)(5,45)(1) v
=1199 J or/of 1 200,10 Jv

OPTION 1
V - max

Vmax
220 =——

J2

1 mark for any formula

Vmax = 311,13 V.
N
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v 33113 ,

| — Ymax

max T R 40,33

=771 AV
OR/OF
Vol

— max'max
T

(31113)!

max

1200,1 =
Imax = 7,71 A

OPTION 2
P, V.ol

average: rms - rms
1200,1 = (220)Imsv”
lrms = 5,455 A

Imax = /2 (5,455)
=771AY (7,715 A)

OPTION 3/
Paverage = IfmsR ‘/

1200,1 = I%ms(40,33) v~
lrms = 5,455 A

Imax = \/E Irms

=4/2 (5,455)
=771 AV

OPTION 4

Vims = ImsR v

220 = |rms(40,33)‘/
lrms = 5,455 A

Imax = \/E Irms

=/2 (5,455)
=771 AV
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QUESTION 9
9.1.1 DC generator
Uses split ring/commutator (2)
9.1.2 +
=
€
(]
B
8 A
OR S
£ >
time (s)
tirrr1e (s)
=
£
(O]
©
(]
S
-g v
NOTE:

Curve starts at zero to first peak v
Shape and one complete DC cycle

9.21 |OPTION 1
v \V; — Vmax/maks OR/OF
) rms/wgk \/E VrmS/ng _ Vmax/maks - % - 240,416
Pave/gem:\/rms/wgklrms/wgk v \/E 2
800 = 340 (l ) v I:)ave/gem :Vrmslwgklrms/wgk v
\ J2 el 800 = limsiwgk(240,416) v/
Irmsiwgk = 3,33 A Vv Irms/wgk = 3,33 A v/

OPTION 2
P — V% Iwek | _ (V 2 maximaks )
ave/gem R (ZXR)
_ (340)°
800 - (\/E)Z(R) Pave/gem = Irms/wgk2 R

R=72250,—— |

Vrms/wgk = |rms/wgkR

800 = |rm5[wgk2 !72125! \/
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240,416
= ——V
|rms/wgk 72’ 25
=3,33 AV
OPTION 1 OPTION 2
Pave/genid :Vrmslwgklrms/wgk v Paveigemid = Vims/wgk lms/wgk v
for the kettle/vir die ketel: - Vimawmatslmawmas
340 2
2000 = —= Irms Wi Y
\/E ( ! gk) 2 800‘/ = (340) Imax/maks v
2
Irmsgk = 8,32 A [ =16,47 A
ltot = (8,32 + 3’33) v maX/maIks ) 1647
=11,65A v lne = m\/%ks -
|rms/wgk = 11,65 AV
OPTION 3
Pave/ mig = V2rms/wgk v = (Vzmax/male)
| R (2)JR)
340)°
800 = ( 2) v R=72,25Q
(V2f®)
2 000 = —(340)2
- 2
(\/E) (RZOOO)
T: 218,9 f11 _ (289)72,25) _ 00,640
Ttz > " (289+7225) 7
R R, R,

Vrms/wgk = |rms/wgk R
240,42 = Iimsiwgk (20,64) v

lrms/wgk =11,65AV

OPTION 4
Pave/gemid = Vrms/wgk |rms/wgk‘/

2800 v= 340 |rms/wgk‘/

|rms/wgk =11,65A v

OPTION 5
Pr : Px
800:2 000 v
1:25

e ¢

3,33:8,325 v

Irms = 3,33 + 8,325 v
=1166 AV
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QUESTION 10

10.1

10.1.1 North pole

.§A ......,, Province of the
Pl EAS TR care

10.1.2Qto P
10.2
10.2.1
OPTION 1 OPTION 2
I V
[ =-mee V, ==y
ms '\.IE ‘\.‘E
8 Y,
Irrns == 22{:' = =V
V2 V2
:566;&; Umm:311,12‘v‘
Vn‘ns = |rrr|s R+ V . Rv
220 = (5,66)Rv e e y
R =3887 Qv 31112 = (8)R
R=138,89 Qv
10.2.2
OPTION 1 OPTION 2 OPTION 3
Pﬂ'l."E.'TﬂEIE :VI'ITISIITI'IE"H Pa.\.rerage = |2 R P _Vn"ns v
= (220)(5,66)v | _ 2 average —
W c ’ P = v
P= E E = P‘[ average 38,8?
W = (1245,86)(7200) | _ 494518 W
19459 = v = 8970192J W
=~ 7200 P=— v
W = 8 965 440 J v At W
—
124518 =500
W =8 965 296 Jv

QUESTION 11

11.1 Anticlockwise
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11.1.2
—_— F
% +100 -3
i |
Se< :
D T
$5S |
=L = 01 >
'UE%L : t(s)
= %:,“3.
: —
88§ -100
= =
o 28

11.1.3 Decrease the frequency/ speed of rotation

11.2
=V_I1_+v

Pa'.lemge.' gemiddeld Mms s

1500 = (220)(Ims)¥’
loms = 6,82 A

— Imax-'malrs v

I .
rms .Jrﬁ

Imamaks = (ﬁlﬁ,ﬂz v
= 065AY

3. PHOTO-ELECTRIC EFFECT

QUESTION 1
11 B 1.2 A 13 B 1.4 C 15 B

QUESTION 2

2.1 Itis the process whereby electrons are ejected from a metal surface when light (of

suitable frequency) is incident on it.

OR
It is the phenomenon that occurs when light of (suitable frequency), incident on a metal

surface, ejects electrons (from the metal surface).
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OPTION 1
%= 16x10°m1v (Accept 1,6 x 108 m to/tot 1,7 x 10° m?)

fo = Cl‘/
A

= (3 x 108)(1,6 x 10%) v/
= 4,8 x 104 Hzv (Accept 4,8 x 10'* Hz to/tot 5,1 x 1014 Hz)

OPTION 2
By extrapolation: y-intercept = -Wo

Wo = hfo v/

3,2 x 101 = (6,63 x 103%)fo v/

fo=4,8 x 10 Hzv (Accept 4,8 x 10'* Hz to/tot 4,83 x 10%* Hz)
OPTION 3 (Points from the graph)

E = Wo + Ekmax)

hc —hf, +

k(m ax)
0

(6,63 x10%4)(3x10%)(1,6 x 10°)’= (6,63 x103*)f, +0 ¥
fo=4,8x10¥ Hz v

OR

(6,63 x107°*)(3x10°)(5 x 10°) = (6,63 x 10>*)f, + 6,6 x10™*°
fo=4,92 x 1014 Hz

OR

(6,63 x107**)(3x10°)(3,3 x10°%) = (6,63 x 10*)f, + 33 x10*°
fo=4,8 x 101 Hz

OR

(6,63 x107°*)(83x10°%)(25 x10°%) = (6,63 x 10°*)f, + 17 x107*°
fo=4,94 x 10 Hz

OR

(6,63 x107°*)(83x10%)(2,2x10°%) = (6,63 x10**)f, + 0,7 x107*°
fo = 5,54 x 10 Hz

OPTION 1 OPTION 2
hc = Gradient v
_ Ay Wo =Yy intercept }/
T Ax =3,2x101°J
- _66x107 v Accept
T E_1 AVu1n6
(5-1,6)x10 3,2 x1019 J to 3,4 x1019))
= 1,941 x10%5 (J-m)
he gradien Wo = hfo
T ¢ 3,2x10%v =h(4,8 x 1014 v
h=6,66 x 1034 J-sv
_1941x10°% Accept
- 3x10° 6,66 x1034 J-s to 7,08 x1034J-s)
= 6,47 x1034 J's v

(4)

(4)

(4)

(4)
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OPTION 3
(Points from the graph
hTC:WO +K = 3,2x107%4- 6,6 x10™° v/
-19
- 980T g 53.10%):s
(3x10°)(5x10")
OR/OF

hTC =W, +K . =3,2x10"%4 3,3x10™"° v/

v

-19
= 6507 g 57,10%3.5v
(83x10°)(3,3x10°)
OR/OF

th =W, + K =3,2x10%%4 1,710 vV

-19
- AT v g 57,10%).s
(3x10°)(25x10°)
OR/OF

th =W, +K, . =3,2x10"%40,7x10™"° v/

3,9x10"

-89 -65x10%3.s ¥
(83x10°)(2x10°)

(4)
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QUESTION 3

3.11 The minimum frequency (of a photon/light) neededv” to emit electrons from (the
surface of) a metal. (substance) v

OR/OF
The frequency (of a photon/light) neededv” to emit electrons from (the surface
of) a metal. (substance) with zero kinetic energyv’

(2)
3.1.2__ Silver v
Gj.Threshold/cutoff frequency (of Ag) is higher
Wo a fo / Wo = hfo v (3)
3.1.3  Planck’s constant /Planck se konstante v/ (1)
3.1.4  Sodium v 1)
3.2.1 _ . 5
Energy radiated per second by the blue light = (m)(60x10'3) v =3x103J-s?
h
Ephoton = TC v
-34 8
= (683x107)B8x107) - _ 4 235 x 10199
470 x10
o _ 3x10° _ 15
Total number of photons incident per second = —————= v =7,09 x 10 v
4,232 x10 (5)
3.2.2
7,09 x 10%° (electrons per second) v/
OR
Same number as that calculated in Question 2.2.1 above (1)
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QUESTION 4
4.1 The minimum frequency (of a photon/light) needed to emit electrons v from
(the surface of) a metal. (substance) v/ (2)

4.2  OPTION 1/OPSIE 1
E=W, +E A

k(max)

_ - 2
E=W, + 5>MYmax > v'Any one / Enige een

C 1
X =hf, +§mvfnaxj

-34 8
(6,63 <10 ) )Bx10) _ (6,63 x10%)(5548 x 10™) v + %(9,11x 10°%)(5,33 x 10°)? v

A= 4x107" mv

h

(5)

OPTION 2

— N
E= Wo + EI<(max)
2

1
hf = hfo + E mvmax > \/Any one

— 1 2
E=W, +§meax )

(6,63 x 10°3%)f =(6,63 x 10*)(5,548 x10™*) v/ + %(9,11>< 10°H(5,33 x10°)* v/
f=75x10%Hz

c=1fA
3x108= (7,5 x 104V
A=4x10"m Vv (5)
4.3 Smaller (less) than v
1)
4.4 The wavelength/frequency/energy of the incident light (photon/hf) is constantv’

Since the speed is larger, the kinetic energy is larger v'the work
function/Wo/threshold frequency smaller. v
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QUESTION 5

The minimum energy needed to remove an electron v/
from the surface of a metal. v/

Wo = hfo v
= (6,63 X 10%)(4 x 10%4) v/
=265x101)Vv

E =Wo + Ex
v Any one
hf = hfo + Yamv2

(6,63 x 10°%)(8 x 101%) v/ = 2,65 x 101° v + %2(9,11 x 103)v2 v
S Vv=7,63x10°m-s1v

Equal to v
The gradient is Planck’s constant./ Gradient is Planck se konstante v/

8 x 10 Hz v
fo is directly proportional to Wo.v’
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QUESTION 6

6.1.1 It tells us that light has a particle nature (1)

6.1.2 Remain the same. v

For the same colour/ frequency/wavelength the energy of the photons will be
the samev'. (The brightness causes more electrons to be released, but they will
have the same maximum kinetic energy.)

OR

Intensity only affects the number of ejected photo-electrons and not the
maximum kinetic energy or maximum speed of the ejected photo-electrons

OR

Maximum kinetic energy of ejected photo-electrons is independent of intensity

of radiation (2)

6.1.3 E =W + Ex
hf = hfy + Ex
hf = hfo + %2 mv?

E =W, + ¥ mv?

v Any one

(6,63x10 34)(3><108)\/ (6,63x10 34)(3><108)/ 1
420x10° Ao
Ao =5,37 x10'm

. the metal is sodium v (5)

(911 x101)(4,76 x10°)*Y

6.2 Qv and/lenS Vv

:2 Emission spectra occur when excited atoms /electrons drop_from higher energy
levels to lower energy levels. v'v/

(4)
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QUESTION 1
1.1 A 1.2 C 13 D 14 D 15 D
16 B 16 B 1.7 C 18 B
QUESTION 2
21 B
2.2 Clx(g) + 2e —>2Cl(aq)
2.3  Cf2/ Chlorine
2.4  E°cell = E°Cathode - E°Anode
=1,36 —(-2,36)
=3,72V
2.4  The Mg electrode becomes smaller./The mass of the Mg electrode
decreases./Mg electrode being corroded
Magnesium is oxidised./Mg — Mg?* + 2e-
QUESTION 3
3.1 A substance that gains/accepts electrons
3.2 Ag'is a stronger oxidising agent than Cu?* and will oxidise Cu to (blue)
Cu?* ions.
3.3  Chemical — Electrical
34 A
3.5 E°cell = E°Reduction - E°Oxidation
=+0,80 - 0,34
=+0,46 V
3.6 Cu+ 2Ag*(ag) — Cu?*(aq) + 2Ag(s)

T‘@’j EASTERN CAPE

EDUCATION

19 B 1.10 D
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3.7 Remains the same

QUESTION 4
4.1 1 mol-dm3 v/ 1)
4.2 lodine is not a conductor. v’ Q)
4.3 Graphite is a conductorv’
Graphite is inert. v/ (2)
4.4
4.4.1  Permanganate ion v’ 1)

442  2MnO,(aq) + 16H*(aqg) + 10I(aq) v — 2Mn2*(aq) + 5l2(s) +

8H20(f) v bal. v )
4.4.3  C(s)| I(@q) | I(s) || H*(ag), MnO; (ag), Mn#*(aq) | C(s) (3)
4.5 ECcell = E°cathode — E®anode v
=151v-0,54Vv
E°en =0,97 VvV (4)
4.6 Decreases v/ 1)
[16]
QUESTION 5
51 - Pressure: 1 atmosphere (atm) / 1,013 x 10° Pa
. Temperature 25 °C /298 K
2)
52 Platinum is inert / does not react with the H* ions OR acid.
. Platinum is a conductor (of electricity). (2)
5.3
5.3.1 Salt bridge )
532 -0,31V Q)

5.3.3 2H*+ 2e- - H>

0
- onidatior

—E®

reduction

541 E°

cell
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2,06v =-0,31v-E’

M/ M+

Ee

e = 2,36 (V) vV
M is magnesium/ Mg. v’
Option 2
M— M2* + 2e" E° = 2,36 (V)

X?*+2e— X E°=-0,31 (V\)V

E°= 2,05V YV
Thus: E L yucion= - 2,36 (V) ¥/
M is magnesium/ Mg. v’

5.4.2 Exothermic (1)

5.5  The cell reaction reaches equilibrium.

QUESTION 6
6.1 Temperature: 25 °C /298 K v
Pressure 101,3 kPa /1,013 x 10°Pa/1 atm/ 100 kPa v
Concentration: 1 mol-dm=3 v

6.2.1 Cd(s)/ Cadmium / Cd|Cd?*/ Cd?**

6.2.2 Ege“ \/: Egathode - EgHOde‘/
013 = Egathode - (_0’40)\/
Egathode = 0’13 - 0’40
=-0,27 (V)v
Q is Ni/nickelv'
6.3

6.3.1 Cd(s) — Cd?**(aq) + 2e vV
6.3.2 Pt/Platinum
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QUESTION 7
7.1
7.1.1  AgNOs/ Silver nitrate v (1)

7.1.2 Ni— Ni?*+2e vV

7.1.3 Ni+2Ag" v — NiZ* + 2Ag v Bal v

OR/
Ni + 2 AgNO3 — Ni(NOa)2 + 2Ag

7.2

7.2.1QNi v

Ni is a stronger reducing agent. / Ni has a higher reducing ability. / Ni is the
anode. / Ni loses electrons. / Ni is oxidised. v

(2)
v v v
7.2.2  Ni(s) | Ni#* (aq) || Ag*(aq) | Ag(s)

OR/OF
Ni (s) | Ni?* (1 mol-dm™) || Ag*(1 mol-dm3) | Ag(s)

Accept
Ni | Niz* || Ag* | Ag 3
7.2.3

OPTION 1/OPSIE 1
Egell = Ereeduction_ Egxidatior

= 0,80 v — (-0,27) v

=107VY
OPTION 2/OPSIE 2
Ag*+e — Ag v E°=080VY
Ni = Ni* + 2e" E° =+027V YV

Ag* + Ni = Ag + Ni2* E’=+1,07V VY

7.2.4 Increases
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QUESTION 8
8.1 Redox (reaction) (2)

8.2P

Negative electrode/Mg is a stronger reducing agent/is oxidized/release electrons.
/Mass of Mg decreases.

2)
8.38.3.1 (Temperature) 25 °C/298 K

(Concentration) 1 mol-dm-3 (2)
8.3.2 Mg(s) | Mg**(aq) || Pb**(aq) | Pb(s)

OR Mg | Mg?*|| Pb?*| Pb ()

8.3.3 Pb?*/ Pb(NOs3)2 / lead(ll) ions / lead(ll) nitrate

8.4
OPYION 1 OPTION 2
Eiell = E:?edu-:xi:-n _EE:::iI:IEtiDI'I v | Pb?(aq) + 260 ——— Pb(s) E®=-0,13V
=013 v = (-2,36) | Mg(s) —> Mg*(aq) + 2e° E®=+2,36V
= 2:23 Vv Pb%*(aq) + Mg(s)—»Pb(s) +Mg?*(aq) E® =+2,23V
8.5

8.5.1 Remains the same

1)
8.5.2 Increases
QUESTION 9

9.1 Electrons are transferred. OR The oxidation number of Mg/H changes. OR/OF
Mg is oxidised / H* is reduced.

9.2 H'ions/HC#/H*(aq)/HCl(aq)
9.3 Agis a weaker reducing agent (than H2) and will not be oxidised to Ag+

9.4  Electrode/Conductor of electrons (in hydrogen half-cell)
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9.5.1 Chemical energy to electrical energy

9.5.2 Provides path for movement of ions./Completes the circuit./Ensures
electrical neutrality in cell.

9.5.3 2H*+2e  — H2
8.5.4 Mg(s) | Mg**(aq) || H*(aq) | Hz(9) | Pt
OR Mg(s) | Mg?*(12 mol-dm3) || H+(1 mol-dm3) | H2(g) | Pt
Accept

Mg | Mg?* || H* | H2 | Pt

9.6
8 _ |8 _ Es
cell = rediuction axidation
= 0,00 v — (-2,36)
=236V v

9.7Increases

5. ELECTROLYTIC CELLS
QUESTION 1
11 C 12 D 13 C 14 B 15 D

QUESTION 2

2.1 Electrolytic cell

2.2 The substance/species which loses electrons
23P

2.4 Cu(s) ———» Cu?* (aq) + 2e-

25 A

Ct ions move to the positive electrode/anode where they are oxidised to  Cta.
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QUESTION 3

3.1 A solution that conducts electricity (through the movement of ions).

3.21

2 H20 + 2e=—> H2+ 20H"

3.2.2 Chlorine gas/Ct2

3.3 H20 is a stronger oxidising agent (than Na+) and will be reduced (to H2).

OR The half-reaction that produces Hz(g) has a more positive reduction
potential (-0,83 V) than the half-reaction that produces Na (-2,71 V).

QUESTION 4

4.1

4.2

4.3
4.3.1

4.3.2

4.4

A solution that conducts electricity through the movement of ions.

v

Bracelet v’

Chromium v

Cr¥*(aq) + 3e" — Cr(s) vV

n=m.,
M

_ 086,
52

= 10,0165 mol

T
n(electrons) = 3n(Cr) v = 4,96 x 102 mol

N
n=—
NA/

496x102 =N ___
6,02 x 10

~N=299x10%*

(2)
1)

(1)

(2)

(6)
[12]
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QUESTION 5

5.1 Electrolytic v/
52 Q&T

Cu?* + 2e — Cu

5.3
5.3.1  Cl2/chlorine (gas) v
5.3.2  Cu? (ions) / copper(ll) ions / CuCt2/ copper(ll) chloride v/

5.4 Cu is a stronger reducing agent v' than C{ (ions) v" and Cu will be oxidised v
(to Cu?).

OR
Ct (ions) is a weaker reducing agent v than Cu v and Cu will be oxidised v (to
Cu?").

QUESTION 6
6,1 The chemical process in which electrical energy is converted to chemical energy.
6.2 <To keep the polarity of the electrodes the same.

* To prevent the anode and cathode from swopping .

*DC provides a one way flow of electrons ensuring that the same chemical reaction
occurs all the time at the electrodes.

» If you use AC the polarity of the electrodes will keep changing.
*Pure copper deposited on only one electrode.
6.3 Cu®*(ag) +2e" = Cu (s) vV
6.4 Cu?*is a stronger oxidising agent than Zn?*.
«Cu?* will be reduced to Cu
OR

*Zn is a stronger reducing agent than Cu.
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«Cu?* will be reduced to Cu.

OR
*The standard reduction potential of Cu?*|Cu is higher than that of Zn%*|Zn.
*Cu?* will be reduced to Cu.
OR

*The standard reduction potential of Zn?*|Zn is lower than that of Cu?*|Cu.

«Cu?* will be reduced to Cu. (3)
6.5 m
n=—
M
Y m
285x107% =——
63,57
m=181g
rd
% purity = %81 <100 v
=90,49 % v
QUESTION 7

7.1 Endothermic
7.2 Anode v
Connected to the positive terminal of the battery. v/
7.3
7.3.1  Chlorine (gas) / Cf2 v
7.3.2  Hydrogen (gas) /H2 v

733 2H.0(!) + 2e" — Ha(g) + 20H(aqg) vV’

74 Basic/ Alkaline/ NaOH /strong base forms
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QUESTION 8

8.1  Substance that dissolves in water to give a solution that conducts electricity./ A
substance that forms ions in water / when melted.

8.2  Plastic is a non-conductor of electricity / Graphite is a conductor.
8.3.1 Ni?*(aq) + 2e- —» Ni(s)
8.3.2 nickel
Ni is oxidised.
OR Ni loses electrons. OR Ni is the anode. OR Ni is the positive electrode.
OR Ni
Ni2*(aq) + 2e" 2
8.4 Ring
Reduction takes place at the cathode.
OR Negative electrode. (2)
8.5 Decreases
Ni2* ions from the electrolyte will be reduced (to Ni).
QUESTION 9
9.1
9.1.1 Electrolyte
9.1.2 Electrolytic (cell)
9.2AtoB
9.3
931 B
9.32 A
9.4 Decreases
Copper (Cu) is oxidised to Cu?*/Oxidation takes place at A/Electrons are lost
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6. FERTILIZERS
QUESTION 1

11 B 12 C 13 B 14 C 15 D 16 B

QUESTION 2
2.1 Contact process (1)
2.2 Sulphur dioxide / SO2 (1)
2.3
2.3.1 Vanadium pentoxide / vanadium(V) oxide / V205 (1)
2.3.2 2S502(g) + O2 = 2S0s3 3)
2.4
2.4.1 Oleum / Pyrosulphuric acid / H2S207 (2)
2.4.2 Reaction is highly exothermic and forms a mist. (1)
2.5 Ammonium sulphate / (NH4)2SOa4 (2)
2.6  Eutrophication leads to the destruction of aquatic life / dead zones.
This results in less income due to selling of food / recreation areas. (2)
QUESTION 3

3.1

3.1.1 Nitrogen /N2

Hydrogen / Hz

3.1.2 NHs + HNOs — NHaNOs

3.2

OPTION 1/OPSIE 1:

OPTION 2/ OPSIE 2:

c%Nzgfasaw
=12 0/0
m(N) - —(>< 20'kg)
= 2,4 kg v

m(nutrients)

36
== v 20 =72k
100 (x 20) g

~.m(N) = §\/x72

=2,4 kg v

OPTION 3/ OPSIE 3:

m(N):

oo
§><(><20)(><§) 24kg
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QUESTION 4
4.1
4.1.1 Haber (process)
4.1.2 N2+ 3H2 = 2NHs
4.1.3 Air
4.2
421 40%
4.2.2 e Highyield / percentage
e High rate due to higher concentration.
4.2.3  Low reaction rate
4.3 OPTION 1 OPTION 2
% N in NH4NOs3 = % x100 mM(N in NH4NOs3) = % x 50
= 35% =17,5kg
m(N) in 50 kg:
35
—~~_x50v =17,5kg
100
QUESTION 5
5.1
5.1.1 Haber (process)
5.1.2 Contact process / Catalytic oxidation of SOz
5.1.3 Sulphur trioxide / SOs
514 SO3 + H2SO4 —= H2S207
5.1.5 H2SO4 + 2NHz——>(NH4)2S04
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OPTION 1 OPTION 2
. 36 - 36
m(fertiliser) = —— x 20 4 m(fertiliser) =—x20 V
100 100
=7,2 kg / 7,2 kg
%N = 411 100 m(K)=72-v (4,11 +0,51) v
T = 2,58 kg
= 57,08%
051 4,11:0,51: 2,58
%P = ——x100 8 : 1 : 5V
7,2
=7,08%
%K =100-v (57,08 + 7,08) v
= 35,84%
57,08 : 7,08 : 35,84
8 : 1 : 5V

QUESTION 6

6.1
6.1.1 2S02(g) + O2(g) — 2S03(g)

6.1.2 Catalyst
OR
Increase the reaction rate
6.2  Exothermic
The temperature increases.
OR

Before the reaction the temperature was 450 °C and after the reaction it was

600 °C /518 °C/ 475 °C / 460 °C.

6.3 e An exothermic reaction is favoured by a decrease in temperature.

e The forward reaction is favoured.
Higher yield (of SO3).
OR
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e An endothermic reaction is favoured by an increase in temperature.

e The reverse reaction is favoured.
Lower yield (of SO3).

H2S207

A mist will form (which is difficult to collect).
OR

The reaction is too exothermic.

H2S0a4 + 2NH3 — (NH4)2SO4

QUESTION 7

7.1

7.2.1

1.2.2

7.3.1

7.3.2

Contact process

Vanadium pentoxide/ V20s
H2S207(f) + H20(f) — 2H2S04 (£)
H2S04 + 2NH3 — (NH4)2SO4

Ammonium sulphate

QUESTION 8

8.1

8.2

8.3

Ostwald process
NO/nitrogen monoxide
Water/H20

NHz + HNO3z — NH4NO3
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OPTION 1/OPTION 1
m
N(NH, ) =—
(NH;) =3
_68x107
17v
=4 x10° mol

n(NHsNO3) = n(NH3)
=4 x 10° mol
m(NH4NO3) = nM
= (4 x 10°)(80) v
=3,2x10%g
=32x10°kg v

OPTION 2/OPSIE 2
D 8%104 g
m(NH,NO,)4—="" — »80v) v

=32x10° kgv'

OPTION 3/OPSIE 3

17 g v NH3 forms/vorm 80 g v NH4NO3
6.8 x 10* kg forms/vorm x g NH4sNO3,

x =6,8 x 10* x@
17

=32x10° kgv

To make a NPK fertiliser/fertilisers which contain all three primary nutrients.
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QUESTION 9

9.1.1

9.1.2

9.1.3

914

9.1.5

9.2

9.3.1

9.3.2

9.4

Sulphur dioxide/ SO2
Catalytic oxidation of SO2
Vanadium pentoxide (V205)
H2S207
NHs + H2SO4 — (NH4)2SO4
ANY ONE
o Fertilisers in water leads to eutrophication which can result in
less drinking water/starvation due to dying of fish/less water recreation

areas.

° Fertilisers in water leads to excess of nitrates in water
resulting in blue baby syndrome/cancer.

Nitrogen
Potassium

Phosphorus

QUESTION 10

Different processes used in the preparation of fertiliser C are represented in the flow
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NHs(g) Reactlon‘{_ NO(g)

2, NO4(g)

Y

H-0O, O2

F

h

Fertiliser C

Use the above information and write down the:

10.1 NAME of the industrial preparation of nitrogen

10.2 NAME of process X

10.3 NAME of reaction Y

10.4 NAME or FORMULA of compound A

10.5 Balanced equation for the preparation of compound

10.6 Balanced equation for the preparation of fertiliser C
SOLUTION

10.1 Fractional distillation (of liquid air) process

10.3 Catalytic oxidation (of ammonia)

10.4 O2(g)/oxygen (gas)

10.5 4NO2(g) + O2(g) + 2H20(t) — 4HNOs3(aq)

10.6 NH3 + HNO3s — NH4NOs

Compound B

B from NO2(g)

1)
(1)
(1)
1)
®3)
©)
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