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SECTION A — Multiple-choice questions

Instructions for Section A

Answer all questions in pencil on the answer sheet provided for multiple-choice questions.
Choose the response that is correet or that best answers the question.

A correct answer scores 1, an incorrect answer scores 0.

Marks will not be deducted for incorrect answers.

No mark will be given if more than one answer is completed for any question.

Question 1

5.0 x 10~8m is equivalent to

A.  50pum
B. 50pm
C. 500mm
D. 50nm
Question 2

The radius of an atom is approximately 10,000 times greater than that of the nucleus. If an atom
were magnified so that the radius of its nucleus became 2.0 cm, what would the radius of the
atom be in nanometres?

A. 2.0x 108
B. 2.0x10°
C. 2.0x10%
D. 2.0x 10"

Question 3

The number of nucleons in 27U is

A, 92
B. 232
C. 235
D. 327



© STAYV Publishing 2017 2

Question 4

Chemistry Unit 1 Trial Examination

In 1913, Niels Bohr developed a new model of the hydrogen atom. His model proposed the
existence of

A. positively charged protons in the nucleus.

B. subshells for electrons in atom.

C. neutrons in the nucleus.

D. specific energy levels for electrons in atoms.
Question 5

An emission spectrum

A.

B
C.
D

shows coloured lines on a black background.
is obtained when atoms absorb energy.
shows black lines on a coloured background.

shows all the colours of the rainbow.

Question 6

How many distinct energy levels would the ionisation energy graph of potasstum indicate?

A, 2
B 3
C. 4
D. 5
Question 7

Selenium, Se, occurs in group 16 of the Periodic Table. It is likely that selenium

A.

B
C.
D

exists as a gas at room temperature and pressure,

reacts with metals to form selenides (Se?).
forms a hydride capable of hydrogen bonding.

exists as isolated atoms in the solid state.



© STAYV Publishing 2017 3 Chemistry Unit 1 Trial Examination

Question 8

The core charge for the element Phosphorus is

A, +2

B. +3
C. +5

D. +15
Question 9

The electron configuration of 2Cr is

A, 1s725%2p%3s?3pB3d°4s!
B. 15%2572p%3s?3p®4sidp’
C. 15%2s22p%3s23p%4s'3d°
D. 15%2s22p%3s?3p®4s23¢?

Question 10
The first ionisation energy of Period 2 elements

A. increases continuously from Li to Ne.
B. decreases continuously from Li to Ne.
C. increases irregularly from Li to Ne.
D

decreases irregularly from Li to Ne.

Question 11

The formula of potassium oxalate is K»2C>04 and the formula of bismuth nitrate is Bi(NO3)s.
The formula of bismuth oxalate is

A, BiC0s

B. Bi(C204)2

C. Bi(C204)

D. Bi3(C204)
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Question 12

Chemistry Unit | Trial Examination

Sodium vapour lamps are commonly used for street lighting, having a characteristic yellow colour.
Which of the following changes in electron configuration could be responsible for this colour?

A,

B
C.
D

18?25 2p® 3s! — 152 252 2p© 45!
15% 252 2p° 35! — 152 2% 2pf

1s% 25 2p° 3s! — 152 2% 2p© 55!
1s% 25 2p% 55 — 152 2s% 2p 35!

Question 13

A student calculated the relative atomic mass of Boron to be 10.6 by using the following data.

Isotope Relative abundance Relative Isotopic Mass
1 40% 10.0
- 60% 11.0

The accepted A«(B) is 10.8. The incorrect result has occurred because the relative

A.

B
C.
D

isotopic mass of !B is actually 11.2

abundance of '°B is actually 60%

isotopic mass of ’Bis actually 10.5

abundance of ''Bis actually 80%

Question 14

0.0250 mol of a gaseous hydrocarbon has a mass of 1.10 g. The molar mass, in g mol™!, of this
compound is

A,

B
C.
D

2.75
11.0
44.0

unable to be determined without further information
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Question 15

A covalent bond is the resuit of the

A.

B
C.
D

transfer of valence (outer shell) electrons.

loss of valence electrons,
sharing of valence electrons.

formation of charged particles.

Question 16

How many covalent bonds can a nitrogen atom usually form?

A, 1
B. 2
C. 3
D. 4
Question 17

A molecule of tetrafluoromethane, CF4

A.

B
C.
D

has four non-polar bonds.
is polar.
is pyramidal in shape.

has no overall dipole.

Question 18

The percentage by mass of carbon in glucose, CeHi20s, is

A.

B
C.
D

12.0%
25.0%
40.0%
41.4%

Chemistry Unit 1 Trial Examination
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Question 19

In which one of the following are the bonds around each carbon net tetrahedral?

A. CH;CHCH;
B CH4

C. CHaCHs;

D. CH;CH:CH;
Question 20

Which one of the following displays a structure markedly different from the other three?

A,

B
C.
D

diamond
graphite
gilicon

silicon dioxide

END OF SECTION A
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DATA SHEET

Directions to students

Chemistry Unit 1 Data Sheet

Detach this data sheet during reading time.
This data sheet is provided for your reference.
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SECTION B - Short answer questions

Instructions for Section B

Answer all questions in the spaces provided.
To obtain full marks for your responses you should

e pive simplified answers with an appropriate number of significant figures for all numerical
questions; unsimplified answers will not be given full marks.

¢ show all working in your answers to numerical questions. No credit will be given for an
incorrect answer unless it is accompanied by details of the working,

¢ make sure chemical equations are balanced and that the formulas for individual substances
include an indication of state; for example, Ha(g); NaClI(s)

Question 1

Use the clues given below for each element to place it in its correct position in the outline of part of
the periodic table shown.

a. Element A is a period 2 alkali metal.

b.  Atoms of element D have the greatest mass of group 14.

¢.  Aloms of element E have 27 protons in their nuclei.

d. Element G has the highest electronegativity.

e.  Element J is a non-metal, with one electron in the outer most shell,

f.  Element L is in period 3 and forms an ionic fluoride with empirical formula LFs.

g.  Atoms of element M form doubly charged cations with electronic arrangement 2,8,8.

7 x 1 =7 marks
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Question 2

a.

Define the term isofope.

1 mark
b.  Define relative atomic mass.
2 marks
c. A sample of gallium exists as two isotopes, ®Ga, relative abundance 61.2%, and
"1Ga, relative abundance 38.8%. Calculate the relative atomic mass of gallium. Show
all working.
2 marks
d.  Inamass spectrum of elemental gallium, what would be the relative abundance ratio of

gallium 69 / gallium 717

1 mark

Total 6 marks
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Question 3
The following tables show values for atomic radii and ionic radii.

Table 1 Covalent (atomic) radii in pm

N 0 F
70 66 58
Na Mg Al Si P S Cl
186 160 143 117 110 104 99
Table 2 Ionic radii in pm
N3 o* F-
171 146 133
Na*t Mg* Al Sit P S*- Cl-
98 65 45 42 212 190 181

Using the information in the tables above, explain why

a.  the magnesium ion is much smaller than the magnesium atom.

2 marks
b.  there is a large increase in ionic radius from silicon to phosphorus.

2 marks
c.  the ionic radius of Na" is less than that of F~.

2 marks

Total 6 marks
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Question 4

A black oxide of copper was reduced to copper in a stream of hydrogen as shown below.

excess hydrogen
O burning

hydrogen ey
gas

black oxide of copper
in a dish

HEAT

After heating, the stream of hydrogen gas was maintained until the apparatus had cooled.

The following results were obtained:
e mass of empty dish = 13.80 g
e mass of dish and contents before heating =21.75 g
e mass of dish and contents after heating and leaving to cool =20.15 g

a.  Explain why the stream of hydrogen gas was maintained until the apparatus cooled.

1 mark

b.  Calculate the empirical formula of the oxide of copper using the data above, assuming |
complete conversion of the oxide.

4 marks
c.  Write an equation for the reaction that occurred.
1 mark
d.  State the main change that would be observed inside the tube as it was heated.
1 mark

Total 7 marks
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Question 5

11

Chemistry Unit 1 Trial Examination

On the basis of the properties given in the table below, fill in the classification column to classify
the substances A, B, C and D as metallic, ionic, molecular or network covalent. Explain your
reasoning for each one on the lines provided under the table.

Substance Melting Electrical Conductivity Classification
Point Molten Solid
A 4000 °C negligible negligible
B —40 °C negligible negligible
C 800 °C high very low
D 300 °C high high
A
B
C
D
4 + 4 = 8 marks
Question 6

Sodium dichromate is an ionic compound. It contains 17.6 % sodium, 39.7 % chromium and 42.7

% oxygen by mass.

a.  Calculate the empirical formula of sodium dichromate. Show all working.

4 marks

b.  Given that the empirical formula is the formula of the substance, give the molar mass.

€.  Write the formula of each of the ions that make up the substance.

1 mark

2 marks

Total 7 marks
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Question 7

a.  Complete the table below, by
i. drawing the structural formula and
ii. naming the shape of the molecules indicated (the last one is done for you).

Molecule Structural formula Shape
CHCl;
CO»
S02C1 tetrahedral
5 x 1 =15 marks

b.  For the three molecules indicated, state whether they are polar or non-polar. Briefly justify
YOUT Tesponse.

CHCls

CO;

SOCl2

3 marks

Total & marks
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Question 8

Name the following molecules using TUPAC names.

a CH;CH>CH2CH>CH20H
b. CH3CHCICH;

c. CH3:CH.COOH

d. CH3CH(CH3)CH2CH3

€. CH3CH2CHCH:
Question 9

Chemistry Unit 1 Trial Examination

5% 1 =5 marks

The formula CsHiz can be represented by different bonding arrangements.

In the space below, draw full structures and give the IUPAC names for all possible

arrangements.

6 marks
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Question 10
a.  Fully describe the structure and bonding in

i. silicon (like diamond)

ii. graphite

3 4+ 4 =7 marks

b.  Why would silicon be predicted to have a much lower melting point than diamond?

2 marks

Total 9 marks

END OF TRIAL EXAMINATION
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Chemistry Unit 1 Solutions

Use this page as an overlay for marking the multiple choice answer sheets. Simply

photocopy the page onto an overhead projector sheet. The correct answers are open boxes
below. Students should have shaded their answers. Therefore, any open box with shading
inside it is correct and scores 1 mark. '
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SECTION A (Total 20 marks)

. D D 3. C D S. A
6. C . B 8. C 9. A 10. C
11. C 12. D 13. D 14. C 15. C
16. C 17. D 18. C 19. A 20. B

Comments for Section A answers

Question 1
50%x108%mx 1.0x10°=50nm Correct answer: D

Question 2

10?)00 - % therefore x=2x10°cm =2 x 10°mm=2 x 10'' nm Correct answer: D

Question 3
Nucleons are particles in the nucleus i.e. protons and neutrons = 235. The 3+ simply means 3
less electrons which is not relevant for the nucleus. Correct answer: C

Question 4
Bolr postulated electron ‘shells’ i.e. specific energy levels for electrons in atoms. The
Schrédinger model suggested that subshells were present. Correct answer: D

Question 5
An emission spectrum shows coloured lines on a black background. These lines represent
electrons emitting energy as excited electrons return to lower levels. Correct answer: A

Question 6
Potassium has four occupied electron shells. Therefore there will be four distinct energy levels
on an ionisation energy graph. Correct answer: C

Question 7
Selenium is in the same group as oxygen. It would be expected to form a 2— ion in ifs reaction
with a metal. Correct answer: B

Question 8
Core charge = nuclear charge — screening electrons which for potassium is 15 — 10 =+5
Correct answer: C
Question 9
The electron configuration for Cr is 15?2s?2p®35?3p®3d°4s' and not the expected
1522522p%3s?3p®4s?3d*. The half-filled d subshell is a more stable arrangement.
Correct answer: A
Question 10
First ionisation energy increases across the period as core charge increases and the electrons are
more tightly held. However, because of the 2p subshell, the transition is not continuous.
Correct answer: C
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Question 11
K2C20s has the ions K* and C204>~ and Bi(NOs); has Bi** and NO3~ ions. The formula of
bismuth oxalate will be Biz(C204)s. Correct answer: C

Question 12
The transition must be an emission from a higher level to a lower level.
For example: 1s? 2s? 2p® 5s! — 15?252 2p® 35! Correct answer: D

Question 13
RAM =% xRIM) + % x RIM; = 20%x10.0+803x11.0 =10.8 Correct answer: D
100 100

Question 14
1.10

n=2= therefore M = — = = 44.0 gmol~! Correct answer: C
M n 0.0250

=

Question 15
A covalent bond is the result of the sharing of valence electrons, Correct answer: C

Question 16
7N has an electron arrangement of 2,5 and therefore N usually wants to form 3 bonds to achieve
an octet. Correct answer: C

Question 17 _
CF4 has polar bonds but the dipoles sum to zero so it is non-polar overall. Correct answer: D

Question 18

6X%X12.0
M(CeHi1206) = 180 g mol -, % C = 2=

x 100% = 40.0% Correct answer: C

Question 19

In CH>CHCHj the first two carbons are trigonal planar (C=C).

In CHa, carbon has tetrahedral arrangement around it.

In CH3CH3; each carbon has a tetrahedral arrangement around it.

In CH>CH>CH3 propane is an alkane and must have tetrahedral arrangements around each carbon.
Correct answer: A

Question 20

Graphite has a layer lattice arrangement of C atoms. All the others have continuous covalent

arrangements. Correct answer: B
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SECTION B — Short answer questions (Total 69 marks)

Question 1 (7 marks)
(1 mark each for the correct placement of the seven elements listed)

J
A G
L
M E
D
Question 2 (6 marks)

a. Isotopes are atoms of the same element (same atomic number) but a different number of
neutrons (1 mark).

b.  A:is the weighted mean mass (1 mark) of all the naturally occurring isotopes based on '>C
set at 12 exactly (1 mark).

¢.  Ar =% xRIM; +%; x RIM; = 61.2 x 69 + 38.8 x 71 (1 mark) =70 (2 sf) (1 mark)
100 100

61.2

d. e 1.58 (3 sf) (1 mark)

Question 3 (6 marks)

a.  The magnesium ion has one less occupied electron shell (2,8) than a magnesium atom
(2,8,2) (1 mark). The remaining electrons are also held more tightly as the core charge has
increased for the ion (1 mark).

b.  For silicon, the atom size would be reduced in forming Si* because there would be one less
shell containing electrons and the remaining electrons are held more strongly (1 mark). For
phosphorus, the additional electrons mean that all electrons are held less tightly and the ion
increases in size (1 mark). (Students may also validly argue that an increase is also likely
because of increased repulsion of electrons in the second shell.)

¢.  Both Na'and F have an electron configuration of 2,8 (1 mark). However, the core charge
(effective nuclear charge) for sodium is +1 whereas the core charge on fluorine is +7 (1 mark).
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Question 4 (7 marks)

a.  The flow of hydrogen is maintained until the apparatus is cooled so that oxygen cannot enter
the tube and re-oxidise the copper (1 mark).

b. m(Cu) =20.15-13.80=6.35 g (1 mark); m(O)=21.75-13.80-6.35 = 1.6 (1 mark)

6.35 1.6
n(Cu) = pevl 0.100 mol; n{O)= oo 0.10 (1 mark)
n(Cu) 1

= = hence the EF is CuO (1 mark)
n(0} 1

c. CuO(s) + Hxg) — Cu(s) + H20(g) (1 mark)

d.  Solid changes from black to orange brown (1 mark)

Question 5 (8 marks)

in table:

A network covalent lattice (1 mark)

B  (covalent) molecular substance (1 mark)
C  network ionic lattice (1 mark)

D  metallic lattice (1 mark)

Reasoning:

A strong bonding and no charged particles (1 mark)

B relatively weak bonds between molecules (1 mark); (also relatively low m.p., no charges)
C  relatively strong bonds and ions free to move in molten state (1 mark)

D  conducts in both solid and molten states (1 mark)

Question 6 (7 marks)
a. Assume 100 g; m(Na)=17.6 g, m(Cr) =39.7 g, m(O)=42.7 g

n(Na) : n(Cr) : n(O)
17.6 39.7 42.7
- i — ! — (1 mark)
23.0 52.0 16.0
0.765 : 0.763 : 2.67 (1 mark) (then divide each by 0.763)
1.00 : 1.00 : 3.50 2>  2.00 : 2.00 : 7.00 (1 mark)
EF is NayCr207 (1 mark)
b. 2x23.0 + 2x520 + 7x16.0=262gmol! (1 mark)

c. Na" (1 mark) Cr,0+* (1 mark)
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Question 7 (8 marks)

Chemistry Unit 1 Solutions

a, (1 mark for the correct structural formula, 1 mark for the correct shape)

Molecule Structural formula Shape
|
CHCI C tetrahedral‘
CI/ \ >c (1 mark)
Cl
(1 mark)
—_—— linear
CO; 0=C=0 (1 mark)
(1 mark)
I
S—Cl tetrahedral
SO:Cl2 5 / \ (given)
Ci
(1 mark)

b. CHCI; is polar; it has polar bonds (see electronegativity table in data sheet) but the
sum of the dipoles is not equal to zero (1 mark).

COz is non-polar; although it has polar bonds, the molecule is symmetrical (1 mark).

SO,Cl; is polar; it has polar bonds and the molecule lacks symmetry (1 mark).

Question 8 (5 marks)

a.  l-pentanol or pentan-1-ol

b.  2-chloropropane
¢.  propanoic acid

d. 2-methylbutane

e. 1-butene or but-1-ene

(1 mark)
(1 mark)
(1 mark)
(1 mark)

(1 mark)
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Question 9 (6 marks)

H H
: .
H
H-—C/ |L\c|;/ f!l c” H
Ve \ I 7o\ pentane (1 mark)
H H H H H
(1 mark)
H
H<d-H
s H
H— C/ l \ !'l C/ _H 2-methylbutane (1 mark)
— 0
HT] P87 TTH
H (1 mark)
H h H
\(|:/
b
Na TN~
H™/ C \ H dimethylpropane (1 mark)
H ~
H /N H
H (1 mark)
Question 10 (9 marks)

a. i. Silicon is a continuous covalent iattice of Si atoms (1 mark).
Each Si is bonded to 4 other Si atoms (1 mark) in a tetrahedral arrangement (1 mark).

ii. Graphite is a continuous layer lattice (1 mark).
There is an hexagonal arrangement of C atoms in each layer with each C bonded to only
three C atoms (1 mark). Each C atom has one spare electron which contributes to a
delocalised cloud across each layer (1 mark). The layers in graphite are held together
by weak dispersion forces (1 mark).

b.  Silicon atoms are larger than carbon atoms (1 mark). This makes the Si to S1 bond length

longer than the C to C bond length and the bonds are not as strong (1 mark). Hence it has
a significantly lower melting point to diamond which actually sublimes.

END OF SUGGESTED SOLUTIONS



