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2 TECHNICAL SCIENCES P2 (EC/SEPTEMBER 2021)

INSTRUCTIONS AND INFORMATION

1. Wirite your FULL NAME and SURNAME in the appropriate spaces in the
ANSWER BOOK.

2. Answer ALL the questions.

3.  Start each question on a NEW page in the ANSWER BOOK.
4. You may use a non-programmable calculator.

5.  You may use appropriate mathematical instruments.

6. Number the answers according to the numbering system used in this question
paper.

7. Show ALL formulae and substitutions in ALL calculations.

8.  Round off your final numerical answers to a minimum of TWO decimal places.
9.  Give brief motivations, discussions et cetera where required.

10. You are advised to use the attached DATA SHEETS.

11. Write neatly and legibly.
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QUESTION 1: MULTIPLE-CHOICE QUESTIONS

Various options are provided as possible answers to the following questions.
Choose the answer and write only the letter (A—D) next to the question numbers
(1.1-1.5) in the ANSWER BOOK, for example 1.6 D.

1.1 Adiode can convert ...
A an electrical current to potential difference.
B potential difference to heat.

C an alternating current to a pulsating direct current.
D an electrical current to light. (2)

1.2 Which ONE of the following is a general formula of alkanes?

A ConHn+2

B  CnHo2n

C  CnH2ns2

D C2Han (2)

1.3 Sharon, a Grade 12 Technical Sciences learner, left a solution of copper
sulphate in a zinc container overnight. Early the next morning she noticed a
brown insoluble substance coating the inside, around the sides and bottom of
the zinc container. The container was corroded and some of the solution had
leaked to the floor.

Which ONE of the following reactions took place inside the zinc container?
A Cu(s) + ZnSOs(aq) — CuSOs(aq) + Zn(s)

B  Cu?(ag) + ZnSOs4(aq) — CuSOs(aq) + Zn(s)

C Zn?*(agq) + CuSOs(aq) — ZnSOs(aq) + Cu?*(aq)

D Zn(s) + CuSOs(aq) — ZnSOs(ag) + Cu(s) (2)
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4 TECHNICAL SCIENCES P2 (EC/SEPTEMBER 2021)

1.4 The diagram below represents a part of an electrochemical cell used for
the electroplating of copper. The impure copper contains silver metal and
zinc metal.

X \ ; 4 Impure Copper

CuSO0s(aq) —

<4

Which ONE of the following half-reactions will take place at electrode X?

A Ag*+ e — Ag

B Cu — Cu? + 2e

C Cu?* + 2e0 — Cu

D Zn** +2e- — Zn (2)

1.5 Which ONE of the following reactions is spontaneous under standard
conditions?

A Sn* + SO2 + 2H20 — Sn?* + SO4% + 4H*
B > + 2Br- — 21" + Bnr
C 2H 0 — 0O2 + 2H>

D 2Ag* + Fe** — 2Ag + Fe®* (2)
[10]
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QUESTION 2 (Start on a NEW page.)

Give ONE word for each of the phrases given below.

2.1  Anatom or group of atoms that determine the chemistry of a molecule (1)
2.2 A molecule that consists of a large number of atoms (1)

2.3 A material that has electrical conductivity between that of a conductor and
an insulator 1)

2.4  The decomposition of a substance when an electric current passes through

it (1)
[4]
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QUESTION 3 (Start on a NEW page.)

Semiconductor devices such as diodes and transistors are widely used in
modern electronics.

3.1 Define the term doping in words. (2)

3.2  Silicon is listed as an intrinsic semiconductor. Explain the meaning of an
intrinsic semiconductor. (2)

3.3 A learner in a school laboratory adds boron to pure silicon to make it a
better conductor of electricity.

3.3.1 Which type of semiconductor does this learner manufacture during
the process above? (1)

3.3.2 A diode is a simple semiconductor device. How does a diode
conduct electric current? (1)

[6]

Copyright reserved Please turn over



(EC/SEPTEMBER 2021) TECHNICAL SCIENCES P2 7

QUESTION 4 (Start on a NEW page.)

Study the organic compounds represented by the letters A to G in the table below.

H
Ethyl propanoate H_é_é_c_é_H
A 8 TN
H H H
Ter Ty
C H_ﬁ:_ﬁ:_ﬂ:_ﬁ:_?_?_H D | 2,3 dimethylbutane
H CIl H H H H
E Pentanoic acid F | But-2-ene
¢ Ty
T
H H Br H
4.1  Write down the LETTER(S) that represent(s) each of following:
(A compound may be used more than once.)
4.1.1 An alkyl halide (1)
4.1.2 An ester (1)
4.1.3 Two compounds that are structural isomers (2)
4.1.4 A ketone (1)
4.1.5 A compound containing a carboxyl group (1)
4.2  Write down the structural formula of compound D. (2)
4.3 Compound G is formed from compound F.
4.3.1 Name the type of reaction that produces compound G. Q)

4.3.2 Give the FORMULA of the other compound that reacted with
compound F to form compound G. Q)

4.4  Give the IUPAC NAMES of the TWO compounds that will react to form

compound A. (2)
[12]
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QUESTION 5 (Start on a NEW page.)

A learner investigates the relationship between the structural isomers of pentane
and their boiling points. The results obtained were recorded as shown below:

COMPOUND MOLECULAR BOILING POINT (°C)
FORMULA
Pentane CsHa2 36
2-methylbutane CsHa2 28
2,2-dimethylpropane CsHa2 10
5.1 Define the term homologous series. (2)

5.2  For this investigation, write down the conclusion that can be drawn from the
above results. (1)

5.3 Refer to MOLECULAR STRUCTURE, INTERMOLECULAR FORCES and
ENERGY needed, to explain your conclusion in QUESTION 5.2. 4)

5.4 What precaution should the learners take when carrying out this

experiment? Give a reason for your answer. (2)

[9]
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QUESTION 6 (Start on a NEW page.)

In industry, alkenes are used in the synthesis of a variety of organic compounds.
The flow diagram below illustrates some of the many possible reactions.

HBr
Z Secondary

X l‘ but-1-ene alcohol Y

r

Substitution U
Hz0

6.1 Use structural formulae to indicate the reaction for the formation of
compound X. 4)

6.2 Name the type of reaction that takes place when but-1-ene is converted to
compound X. (1)

6.3 Write down the structural formula and IUPAC name of the secondary
alcohol Y that is formed. (3)

6.4  Name the type of substitution reaction U that takes place when compound X
is converted to the secondary alcohol Y. (1)

6.5 With the aid of a catalyst, but-1-ene can be converted directly to the
secondary alcohol, without the formation of the intermediate compound X.

6.5.1 Besides but-1-ene, write down the NAME of the other reactant

needed for reaction Z. (1)
6.5.2 Write down the FORMULA of the catalyst that can be used. (1)
6.5.3 Name the type of reaction Z that will take place during this direct
conversion. (1)
6.6  Give ONE industrial use of polyethylene. : (é])
1
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QUESTION 7 (Start on a NEW page.)

The diagram below represents an electrochemical cell used to decompose a
concentrated copper(ll) chloride solution using inactive electrodes.

|
I

Electrode A____ le———FElectrode B

Concentrated
copper({llichloride
solution a

When the cell is functioning, a gas is released at electrode A, whilst electrode B is
coated with a reddish brown layer.

7.1 Define the term electrolyte.
7.2 What type of an electrochemical cell is represented above?
7.3 Write down a half-reaction to explain the observation made at:
7.3.1 Electrode A
7.3.2 Electrode B
7.4 Write down the NAME of the gas formed while the cell is functioning.

7.5 What energy conversion is taking place in this type of electrochemical cell?

2)
(1)

(1)
(1)
(1)

(1)
[7]
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QUESTION 8 (Start on a NEW page.)

A Grade 12 Technical Sciences learner receives an assignment to arrange some
metals according to their reducing ability. He sets up the electrochemical cell
shown in the diagram below.

Electrode p —» <«—— Electrode Q

»

The learner uses different metals as electrodes. He records the following results:

COMBINATION | ELECTRODE P ELECTRODE Q VOLTMETER
READING (V)

1 Chromium Silver +0,3

2 Silver Zinc -0,7

3 Zinc Copper 0,8

8.1 Write down the name of the component labelled R and give ONE function of
this component. (2)

8.2 Write down the energy conversion that takes place in this cell when it is in
operation. (1)

8.3 Give a possible reason why the voltmeter reading for the silver-zinc cell is
negative. 1)

8.4 Consider the ZINC-CHROMIUM CELL represented by the notation below:
Zn(s)/Zn?*(ag, 1 mol-dm=3)//Cr3* (ag, 1 mol-dm3) /Cr(s)
8.4.1 Use the table of Standard Reduction Potentials to determine the

initial potential difference (emf) of this cell under standard
conditions. (3)

8.4.2 How will the initial voltmeter reading be affected if the concentration
of the electrolyte in the Zn(s)/Zn?*(aq) half-cell is increased?
Write down only INCREASES, DECREASES, or REMAINS THE
SAME. (1)
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8.5 The learner notices that the measured value represented in the table and
the calculated (emf) in QUESTION 8.4.1 differ. Give TWO possible
reasons for this difference in values. (2)

8.6 Modern biodiesel fuel which is made by converting vegetable oils into
compounds called fatty acid methyl esters, has its roots in research
conducted in the 1930s in Belgium, but today’s biodiesel industry was not
established in Europe until the late 1980s.

8.6.1 Give TWO other alternate energies except biodiesel in Technical

Sciences. (2)

8.6.2 What is the environmental impact of using alternative energies? (1)
8.6.3 Give ONE disadvantage of using biodiesel as a fuel. (1)
[14]

TOTAL: 75
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NATIONAL SENIOR CERTIFICATE
NASIONALE SENIOR SERTIFIKAAT

DATA FOR TECHNICAL SCIENCES GRADE 12
PAPER 2 (CHEMISTRY)

GEGEWENS VIR TEGNIESE WETENSKAPPE GRAAD 12
VRAESTEL 2 (CHEMIE)

TABLE 1: PHYSICAL CONSTANTS/TABEL 1: FISIESE KONSTANTES

NAAM/NAME SIMBOOL/SYMBOL WAARDE/VALUE
Avogadro se konstante
23 -1

Avogadro’s constant Na 6,02 x 107 mol
Molére gaskonstante

R 8,31 JKtmol?
Molar gas constant
Standaarddruk
Standard pressure p’ 1,013 x 10° Pa
Molére gasvolume teen STD
Molar gas volume at STP Vm 22,4 dm*-mol?
Standaardtemperatuur
Standard temperature T 273K

TABLE 2: FORMULAE/TABEL 2: FORMULES

PV, BV, B
T, - T, pV = nRT
~m _ N
n—m n_N_A
\ _ _m
n=V_ n=cV or/of C=oy
m
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TABLE 3: THE PERIODIC TABLE OF ELEMENTS/TABEL 3: DIE PERIODIEKE TABEL VAN ELEMENTE

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

I Il A | 1 \Y \% Vi VI VI
ONEN0 V) SLEUTEL toomgeta (DI 0% I N R (I ()
o 1 Atomic number 2
~ H He
1 29 4

o 3 " 4 Elektronegatiwiteit | o « Simbool o 5 o 6 o 7 o 8 - 9 10
o Li |5 Be Elect vt - Cu Symbol ~ B laa €|l N|ys O | F Ne
7 9 ectronegativity 11 12 14 16 19 20

o 11 ~ 12 T o 13 © 14 . 15 o 16 o 17 18
o Na| 5 Mg Benaderde relatiewe atoommassa - A5 S P | S | CE AT
23 24 Approximate relative atomic mass 27 28 31 32 35,5 40
00190 20 m21m22©23®24m250026 002700280329c030 ©31 oo32 033¢340035 36
s KlgC|gSc|ST|gV |gC | GMn|S5Fe |5CoigNj5Cu |5 2Zn 5 Ga |5 Ge | As | Se | Br Kr
39 40 45 48 51 52 55 56 59 59 63,5 65 70 73 75 79 80 84

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

SRS sr |5 Y [ZzZr| Nb & Mo |S T | Ru|QRh QP Ag S cd (5 in [Zsn & sh | Te | | Xe
86 88 89 91 92 96 101| 103| 106 108 112 115 119 122 128 127 131
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

N~ (0] © (o0] (o0] (@] . o Lo

= Cs|5 Ba La | 5 Hf Ta W Re Os Ir Pt Au Hg |5 T€ |5 Pb |5 Bi |G Po | At Rn

133 137 139| 179] 181 184 186| 190, 192| 195 197 201 F|204 207 209

87 88 89
Ra AcC
226

01
L
0,9

58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce Pr Nd Pm | Sm | Eu Gd Tb Dy Ho Er Tm Yb Lu
140 | 141 144 150 | 152 | 157 159 163 165 167 169 173 175
90 91 92 93 94 95 96 97 98 99 100 101 102 103
Th Pa U Np Pu | Am | Cm Bk Cf Es Fm Md No Lr
232 238
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TABLE 4A: STANDARD REDUCTION POTENTIALS
TABEL 4A: STANDAARD REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies Ee W)
F2(g) + 2e- = 2F +2,87
Co®* +e” = Co* +1,81
H,0, + 2H* +2e~ = 2H,0 +1,77
MnO 4 +8H* +5e- = Mn*+4H,0 +151
Cly(g) + 2e~ = 2Ct +1,36
Cr,0 ;7 + 14H* + 6e” = 2Cr"+7H0 +1,33
04(g) + 4H* + de- = 2H,0 +1,23
MnO, + 4H* + 2e~ = Mn2* + 2H,0 +1,23
Pt?* + 2e” = Pt + 1,20
Bry(f) + 2e~ = 2Br- +1,07
NO ; + 4H* + 3~ = NO(g) + 2H,0 + 0,96
Hg?" + 2e~ = Hg(f) +0,85
Ag*+e” = Ag +0,80
NOg3 +2H' +e = NOyg) +H0 +0,80
Fe¥ +e = Fe* +0,77
Oa(g) + 2H* + 2~ = H0, +0,68
I, + 2e = 2r +0,54
Cu'+e = Cu +0,52
SO, + 4H" + 4 = S+2H,0 +0,45
2H,0 + O, + 4e” = 40H + 0,40
Cu?* + 2e” = Cu +0,34
o) i_ + 4H* + 2e- = S0O,(g) + 2H,0 + 0,17
Cu? +e = Cu* +0,16
Sn* + 2e” = Sn?* + 0,15
S +2H" + 2e” = H.S(9) +0,14
2H* + 2e” = H2(g) 0,00
Fe® + 3e” = Fe - 0,06
Pb? + 2e” = Pb -0,13
Sn?* + 2e” = Sn -0,14
Ni%* + 2e~ = Ni -0,27
Co? + 2e” = Co -0,28
Cd? + 2e” = Cd -0,40
Cr¥* + e = Ccr* -0,41
Fe?* + 2e~ = Fe -0,44
Cr¥ + 3e” = Cr -0,74
Zn?t + 2e” = Zn -0,76
2H,0 + 2e- = Hy(g) + 20H" -0,83
Cr®* + 2e” = Cr -0,91
Mn?* + 2e~ = Mn -1,18
ALY + 3e” = Al -1,66
Mg?* + 2e” = Mg -2,36
Na* + e~ = Na -2,71
Ca* + 2e” = Ca -2,87
Sr¥* + 2e” = Sr -2,89
Ba?" + 2e” = Ba -2,90
Cs*+e = Cs -2,92
K"+ e = K -2,93
Li*+e = Li -3,05
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TABLE 4B: STANDARD REDUCTION POTENTIALS
TABEL 4B: STANDAARD REDUKSIEPOTENSIALE

Half-reactions/Halfreaksies Ee V)
Li* + e = L - 3,05
K" +e” = K -2,93
Cs'+ e = Cs -2,92
Ba? +2e” = Ba -2,90
Sr2*+ 2e” = Sr -2,89
Ca®* + 2e” = Ca -2,87
Na* + e~ = Na -2,71
Mg?* + 2e” = Mg -2,36
Al + 3e” = Al - 1,66
Mn?* + 2e- = Mn -1,18
Cr? + 2e” = Cr -0,91
2H,0 + 2e" = Ha(g) + 20H" -0,83
Zn?* + 2e” = Zn -0,76
Cré* + 3e” = Cr -0,74
Fe? +2e” = Fe - 0,44
Cr¥* + e = Cr?* -0,41
Cd?* + 2e- = Cd -0,40
Co?* + 2e” = Co -0,28
Ni?* + 2e~ = Ni -0,27
Sn?t + 2e” = Sn -0,14
Pb? + 2e~ = Pb -0,13
Fe® + 3e” = Fe - 0,06
2H* + 2e” = Hz(9) 0,00
S+ 2H' + 2e” = H,S(g) +0,14
Sn* + 2e” = Sn?* + 0,15
Cu? +e = Cu* +0,16
Soi_ +AH" + 26 = SO(g) + 2H,0 +0,17
Cu?* + 2e” = Cu +0,34
2H,0 + O, + 4e" = 40H" +0,40
SO, + 4H" + 4 = S+2H0 +0,45
Cu'+e = Cu +0,52
I, + 2e” = 21 +0,54
Ox(9) + 2H" + 2e =  HO; +0,68
Fe¥ + e = Fe” +0,77
NOg +2H' +e = NOy(g) + H,0 +0,80
Ag*+e” = Ag +0,80
Hg?" + 2e” = Hg(®) +0,85
NO 5 +4H" +3e = NO(g) +2H,0 +0,96
Bry(f) + 2e~ = 2Br- +1,07
Pt +2 e = Pt +1,20
MnO; + 4H* + 2e" = Mn?+2H,0 +1,23
Oy(g) + 4H" + 4e” = 2H0 +1,23
CrQO? + 14H* + 6e” = 2Cr* +7H,0 +1,33
Cla(g) + 26~ = 20t +1,36
MnO 4 +8H* + 5e- = Mn¥+4H,0 +1,51
Ho0, + 2H" +2 & = 2H0 +1,77
Co* +e” = Co* +1,81
Fao(g) + 26 = 2F +2,87

Increasing reducing ability/Toenemende reduserende vermoé




