Form V Chemistry

SYDNEY GRAMMAR SCHOOL

B

Chemistry

General Instructions

Working time — 2 hours

Board-approved calculators may be used
Write using blue or black pen

Draw diagrams using pencil

A Data Sheet and Periodic Table are
provided at the back of this paper

Write your name and Master’s initials at
the top of the Multiple Choice Answer
Sheet and the first page in Parts B to F

Collection

Remove central staple and collect in
ONE bundle

Hand in all parts of the paper, including
the multiple choice questions

2015 Half-Yearly Examination

2015

FORM V
HALF-YEARLY EXAMINATION
1:00pm 13 May 2015

Working time 2 Hours

Total marks (88)
This paper has six parts, Parts A to F

Part A

Total marks (18)

e Attempt ALL Questions

o Allow about 15 minutes for this Part.

PartsBtoF

Total marks (70)

e Attempt ALL questions

e Allow about 1 hour and 45 minutes for this
Part.

CHECKLIST

Each boy should have the following:

1 Question Paper

1 Multiple Choice Answer Sheet

5CY201 - AKBB

5CY202 - MRB

5CY203 - TW

5CY204 - Z1

5CY205 - EJS

5CY206 - CRMR

5CY207 - TW

EXAMINERS: AKBB/CRMR/MRB/MTK/TW
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Part A

Total marks (18)

Attempt ALL Questions

Allow about 15 minutesfor thisPart

Use the multiple-choice Answer Sheet.

Select the alternative A, B, C or D that best answers the question. Fill the response circle
completely.

Sample 2 + 4 =

® ® © ©®

If you think you have made a mistake, put a cross through the incorrect answer and fill in
the new answer.

® X © ©

If you change your mind and have crossed out what you consider to be the correct answer,

then indicate this by writing the word correct and drawing an arrow as follows.
correct

-
= X © ©
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1 Which alternative most accurately lists metals in order of their discovery and use?
(A)  aluminium, copper, iron, sodium
(B)  silver, silicon, sodium, gold
(C)  gold, copper, iron, aluminium
(D)  silver, magnesium, gold, iron
2 Which of the following elements comprise a triad as observed by Ddbereiner?
(A) Na, Mg, Al
(B) Ne, Ar Kr
(C)  Mn, Fe, Co
(D) ClL,Br,l1
3 2 L of an unknown gas has the same mass as 0.5 L of bromine gas at the same

temperature and pressure. What is the gas?

A)  CO;
(B) Ne
© F
(D) Ar
4 Moving from left to right across Period 3 of the Periodic Table, which of the

following does Not increase?

(A)  The number of electron shells
(B)  The total number of electrons
(C)  The number of valence electrons
(D)  The charge on the nucleus
5 Which of the following elements has the highest electronegativity?
(A)  helium
(B)  francium
(C)  fluorine
(D)  nitrogen
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6 Which statements are correct for the alkali metals Li to Cs?

1 Melting Point increases
II  First ionisation energy decreases
III  Ionic radius increases

(A) Tonly

(B) I only

(C) Il andIII only
(D) L 1Iand I

7 Which of the following iron-containing minerals has the greatest percentage of
iron by mass?

(A) magnetite, Fe304(5)
(B) hematite, F6203(S)
©) siderite, FeCOs()
(D)  goethite, FeO(OH)s)

8 Approximately how many atoms are there in 1.00 g of water?

(A)  3.34x10%
(B)  1.00x 10%
(C)  6.02x10%"
(D)  1.81x10*

9 Which of the following substances has the smallest molar mass?

(A)  sodium oxide

(B)  magnesium oxide
(C)  potassium oxide
(D)  calcium oxide

10 When comparing a more reactive metal with a less reactive metal:

(A)  The less reactive metal is more likely to be found as an uncombined
naturally occurring element.

(B)  The more reactive metal is more spontaneous in losing electrons than is the
less reactive metal.

(C)  More energy is required to extract the less reactive metal from one of its
compounds.

(D)  More reactive metals absorb more heat than less reactive metals when they
react.
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11  What is the electrolysis of water?

(A) A physical process that separates hydrogen and oxygen molecules from
water molecules.

(B) A physical process that weakens intermolecular forces releasing hydrogen
and oxygen atoms.

(C) A chemical process that weakens intermolecular forces allowing the more
volatile oxygen and hydrogen molecules to boil off.

(D) A chemical process that breaks covalent bonds within water molecules
producing hydrogen and oxygen molecules.

12 Nitrogen trifluoride can be decomposed to form nitrogen and fluorine gas. Which
of the following balanced equations correctly represents this reaction?

(A)  NF3g = N + Fs
(B)  2N3F3g — 3NaFyg

(C)  2NF3g — Nayg + 3Fyq
(D) NF3g — Ny + 3Fg

13 Which of the following shows elements in increasing atomic mass?

(A) ClAr, K, Ca,

(B)  Zn, Cu, Ni, Co
(C) Cs,Rb,K, Na

(D) I, Te, Xe, Cs

14 In which of the following substances do strong chemical bonds NOT extend
throughout the crystal lattice in the solid state?

(A)  mercury

(B)  iodine

(C)  silicon dioxide
(D)  sodium chloride

15 Using the solubility rules, determine which of the following combinations of
solutions would form a precipitate.

(A)  Magnesium sulfate and barium nitrate
(B)  Barium chloride and sodium hydroxide
(C)  Sodium carbonate and lithium nitrate
(D)  Silver nitrate and potassium nitrate
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16

17

18

Which of the following contains the same number of ions as 1 mole of aluminium
chloride?

(A) 3 mole of sodium hydroxide
(B) 2 mole of barium carbonate
© 1 mole of ammonium nitrate
(D) 0.5 mole of ammonium sulfate

Consider the following atom, 'JO. This atom contains:

(A) 8 protons, 8§ electrons and 17 neutrons.
(B) 8 protons, 8 electrons and 9 neutrons.
(C) 9 protons, 9 electrons and 17 neutrons.
(D) 17 protons, 17 electrons and 8 neutrons.

Which of the following is the correct [UPAC name for FeP?

(A)  iron monophosphide
(B)  iron monophosphate
(C)  iron(III) phosphide
(D)  iron(III) phosphate
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Part B
Total marks (19)

2015 Half-Yearly Examination

Master’s initials

Attempt ALL Questions Name
Writeyour name and your Master’sinitialsin the space provided above.
Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.
Question 19 (3 marks) Marks
Complete the following table.
Alloy Use Property related to use
Brass
Joining metals together
High tensile strength
3
Question 20 (3 marks)
Complete the table below, identifying from everyday life examples where heat, light
and electricity are involved in chemical reactions. Indicate also whether the energy is
released or absorbed by circling the appropriate response.
Enerav type Example of Energy absorbed or
Yy hyp Everyday Reaction released
Electricity absorbed/released
Heat absorbed/released
Light absorbed/released
3
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Question 21 (3 marks) Marks
Write balanced chemical equations for the following reactions, including states:
(a) Magnesium oxide with hydrochloric acid.
1
(b) Sodium hydrogen carbonate with sulfuric acid.
1
() Sodium with water.
1
Question 22 (3 marks)
Pentane and water are immiscible liquids that have the properties below.
Boailing Point (°C) Density (g cm™)
Pentane 36 0.6
Water 100 1.0
Assess the relative suitability of distillation or a separating funnel as techniques to
separate pentane and water.
3
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Master’s initials

Name

Marks
Question 23 (3 marks)
Complete the following table.
Name of Electron
Element or lon Protons Charge Configuration
12 2.8
Phosphorus 0
1 2.8.8
3
Question 24 (4 marks)
Draw Lewis electron dot diagrams for the following materials.
H, 0O,
H,O OH
4
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Master’s initials

Part C |
Total marks (18) Name

Attempt ALL Questions

Write your name and your Master’sinitialsin the space provided above.

Question 25 (3 marks) Marks

A sample of processed meat was placed in a container of known mass and dried
in an oven until the mass no longer reduced. The various masses were recorded
in the table below.

ltem Mass ()
Container 21.3
Container and undried meat sample 24.2
Container and dried meat sample 234

Determine the percentage water by mass in the original sample of processed meat.

3
Question 26 (3 marks)
(a) Write a balanced equation for the reaction of aluminium with sulfuric acid.
1
(b) Write and identify the reduction and oxidation half equations for the reaction
of aluminium with sulfuric acid.
Reduction: 2

Oxidation:
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Question 27 (4 marks) Marks

Potassium is ductile while potassium chloride is brittle. Explain the difference in
these properties in terms of the structure and bonding of the two materials.

4
Question 28 (2 marks)
A pupil was given three metal samples (lead, silver and magnesium), but they forgot
to label the samples. The pupil then conducted the following tests.
Metal Reaction with H,O Reaction with acid | Reaction with
oxygen
1 No Visible Reaction No Visible No Visible
Reaction Reaction
2 White coating formed in near- | Reacted vigorously | Burned readily as a
boiling water with cold H,SO4 thin foil
3 No Visible Reaction Reacted slowly Formed a
with warm H,SO4 | red/brown layer
when heated 1n air
Identify the metals 1, 2 and 3.
Metal 1: 2
Metal 2:
Metal 3:
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Master’s initials

Name
Question 29 (6 marks) Marks
Five consecutive elements in increasing atomic number have first ionisation energies
as shown in the table below.
Element W \% X Y Z
First ionisation
energy (kJ/ mol) 1260 1520 418 590 632
(a) Define First lonisation Energy
1
(b) Identify which element/(s) (W-Z) would be most likely to:
(1) be a noble gas.
1
(i1) form an ion with a 1+ charge.
1
(iii) be metals.
1
(iv) exist as a diatomic molecule.
1
) react most vigorously with dilute hydrochloric acid.
1
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Part D
Total marks (15)
Attempt ALL Questions

2015 Half-Yearly Examination

Master’s initials

Name

Write your name and your Master’sinitialsin the space provided above.

Question 30 (4 marks)

Explain why atomic radii decrease as you move along a Period of the Periodic Table

but increase as you move down a Group.

Question 31 (3 marks)

Complete the table below by using the physical properties in the table to classify the
following elements as metals, non-metals or semi-metals and solids, liquids or gases.

Melting | Boiling | Density Electrical Metal/Non- | Salid/Liquid/
Point Point | (gcm™) | conductivity | metal/Semi- | Gasat 300°C
(°C) (°C) (MSm™ metal

A 63 760 0.86 14

B | 44 280 1.82 10"

C -39 357 13.5 1.0

D | 937 | 2830 5.3 10"
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Question 32 (5 marks) Marks

A 31.08 g sample of lead was placed into a 100 mL solution containing
16.99 g silver nitrate and left until the reaction had gone to completion.

Complete the table. Show relevant calculations in the space below the table.

Chemical 2 )
species Pb™ g Pbg Ag ) Agps) NO; ag)

Moles in final
mixture

Balanced
chemical
equation
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Master’s initials
Question 33 (3 marks) Marks ‘

Name

In 1813, shortly after Gay-Lussac published his “Memoir on the Combination of
Gaseous Substances with Each Other”, Jons Jacob Berzelius published an account of
2 volumes of ammonia reacting with 2 volumes of oxygen to produce 3 volumes of
water vapour and 1 volume of phlogisticated nitrous air.

(a) Write a balanced chemical equation for this reaction.

(b) What is the [IUPAC name for phlogisticated nitrous air?
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Master’s initials

Name

Part E

Total marks (3)

Attempt ALL Questions

Write your name and your Master’sinitialsin the space provided above.

Question 34 (3 marks) Marks

Discuss the advantages and limitations of the below model of calcite, CaF,.
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Master’s initials

Name

Part F

Total marks (15)

Attempt ALL Questions

Write your name and your Master’sinitialsin the space provided above.

Question 35 (7 marks) Marks

Chromium is often found in the Earth’s crust as chromite, FeCr,O4. The production
of chromium metal from chromite involves a series of chemical reactions:

4 FeCry04s) + 8 NayCOs3) + 7 Oz(g) — 8 NayCrOys) + 2 FeyO3(5) + 8 COxg)
2 NayCrOys) + H2SO4(aq) — NayCryO7s) + NazSOyaq) + H2O(

NayCry075) + 2 C(s) = Cr203(5) + NayCOj5) + COyq)

Cr203(5) + 2 Als) = ALOj3() + 2 Cr(s)

A 210.0 g ore sample containing 75.40% chromite by mass is processed through this
series of chemical reactions.

(a) Calculate the mass of chromite, FeCr,Oy4, present in the 210.0 g ore sample.

(b) Calculate the mass of carbon dioxide gas produced when chromium is
produced from the 210.0 g ore sample by this process.

Question 35 continued on next page.
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Question 35 continued. Marks

(©) Calculate the mass of chromium metal produced in this process using the

210.0 g sample.
2
(d) Calculate the number of aluminium atoms consumed in this process.
1
Question 36 (3 marks)
In 1962, the synthesis of the first binary compound of a noble gas was reported in the
Journal of the American Chemical Society. Decomposition of this colourless solid
compound was reported to give rise to 0.2507 g xenon and 0.1435 g fluorine by mass.
Calculate the empirical formula of this compound.
3
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Master’s initials

Name

Marks
Question 37 (5 marks)

Wegscheiderite is an evaporite mineral found at the Green River Formation in
Wyoming, USA. Elemental analysis shows wegscheiderite to contain four different
elements. When 10.000 g of wegscheiderite is treated with excess hydrochloric acid,
4917 g of carbon dioxide is given off. In a separate experiment, 0.1000 g of
wegscheiderite is dissolved in water and treated with a solution of uranyl zinc acetate.
A precipitate of (UO,)3;ZnNa(CH;COO)y-6H,0 with a molar mass 1537.9 g mol™! is
produced which after purification has a mass of 2.148 g.

Calculate the empirical formula of wegscheiderite, showing all working and logic.
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ChemIStry Name
Data Shegt
Avogadro’s constant, Na ......ooooiiniiiiiiiiii e 6.022 x10* mol™
Volume of 1 mole ideal gas: at 100 kPa and
at0°C (273K) v 2271 L
at 25 °C (298K) .o 2479 L
Ionisation constant for water at 25°C (298 K), Ky «vvvvviiiiiiniinini, 1.0x 10
Specific heat capacity of Water ...........c.ovviiiiiiiiiiiii e 4.18x10° Jkg’lK’1
Some useful formulae
pH =—logo[H'] g=mCAT
Standard Potentials

K'+e N K -2.94V
Ba™ +2e . Ba, 291V
Ca*" +2¢” — Cag,) 287V
Na'+e — Nag 271V
Mg> +2e” . Mg 236V
AP+ 3¢ — Al -1.68V
Mn** +2e” . Mny, ~1.18V
H,0+¢ N Y5 Hyggy + OH —0.83V
Zn* +2¢ — Zng, —0.76 V
Fe*' +2¢” — Fe( 044V
Ni*" +2¢ — Nig, 024V
Sn** +2e” . Sng -0.14V
Pb> +2e — Pby,) -0.13V
H+e — Vs Hygg 0.00 V
SO +4H" +2¢ N SOy + 2H,0 0.16 V
Cu* +2¢ — Cug 034V
Y5 Oy + HyO + 2¢ — 20H 0.40 V
Cu'+e — Cug,) 0.52V
Vo lyg + € — I 0.54V
Yo ey + € — I 0.62V
Fe''+e — Fe?* 0.77V
Ag'+e — Ag) 0.80 V
i) Brz(l) +e S Br 1.08 V
Va Brz(aq) +e . Br 1.10V
Y0, +2H +2e N H,0 123V
Y Cr,0- + TH' + 3¢ — cr'+ 1 H,0 136 V
P Clz(g) +e —_ ClI” 1.36 V
Va Clz(aq) +e — ClI 140V
MnO, + 8H" + 5¢" — Mn** + 4H,0 151V
1/2F2(g)+67 _ F 2.89V
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SYDNEY GRAMMAR SCHOOL

2015
FORM V
MAY EXAMINATION
Wed 13* May 1.00 pm

General Instructions

e  Write your Master’s initials and Name
in the space provided.

e Attempt all questions 1 — 18

» Use a blue or black pen

o Select the alternative A, B, C, or D that
best answers the question.

e Fill in the response circle completely.

Master’s initials

Q,Q\\i

Name

CHEMISTRY
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Part B Master’s initials
Total marks (19)
Attempt ALL Questions Name

Write your name and your Master’s initials in the space provided above.

Answer the questions in the spaces provided.
Show all relevant working in questions involving calculations.

Question 19 (3 marks) Marks

Complete the following table.

Property related to use

Alloy Use
- N eoellas - arch
Brass . ,\% - sl

i» chade PL}«S s orows | F€5 OJ(J
ma ahe. |5 oou «&L&T

o LY
Soldar | sommmeas e |7 52 TN il

- malleaola cb &sm ;
» Comdvtneh
S\‘Q& ar Sw - bu\.'.\o(.bﬁ :C- High tensile strength

%)('O(\'%— &M_g_ = Wl oAy
e o

Question 20 (3 marks)

Complete the table below, identifying from everyday life examples where heat, light
and electricity are involved in chemical reactions. Indicate also whether the energy is

released or absorbed by circling the appropriate response.

] Example of Energy absorbed or
Energy type Everyday Reaction released

Electricity &03&' QD absorbed@

i, o0 Syoua
Heat absorbe@

Ko oo kTS0 ]
Light ‘«f\\nw S\‘\m v ﬂ@%@
had e hawe o~ de.d %Li-\—’/ 3
-& daled :»bm\, s < Pm ot aiue/\_

Qar Bt Anard ‘W{“ a-dl 2Ry o
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Question 21 (3 marks) Marks

Write balanced chemical equatiops for the fo]] eactppng, including states
Dne ‘5\-&)&% WLIS\-%Q‘* ‘»"“Fgl“ neorre im.l-v_ °\w-b~

() Magnesium oxide with hydrochloric acid.

Maofs\ *—’-’Hu@q\ ~=2 mb\qz@m’r H, 4y 1

(b) Sodium hydrogen carbonate with sulfuric acid.

C
1 NA“CDQ Gy + Ma80q @\.«\ == NOH.SO& (wf +2\1-._,0(|) +7’ 107(3)
@h'\‘

(¢ Sodium with water.

.U\)O»m&- 1\’(105_\ — ZMO\OHM - qum .
&) &) ; @
Question 22 (3 marks) T L Oy (3 goud "(4,5 &vaw F¥ U%_O_

Pentane and water are immiscible liquids that have the properties below.

Boiling Point (°C) Density (g cm™)
Pentane 36 0.6
Water 100 1.0

Assess the relative suitability of distillation or a separating funnel as techniques to
separate pentane and water.

\N\\w G\’k‘\*‘*—'\ SQPO"OJ\M QMM_,( would wark 3
et )~ ¥ =

“Js

D

/‘at‘o ) = ass ecsnek Sredenad.

2 Jod
Ob - - SQO@«LM or cushillabier or bofte
\_WJ&' a rRASoON .

Ouaroll\ubelikicalty moteed
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Master’s initials

Name
Marks
Question 23 (3 marks)
Complete the following table.
Name of Electron
Element or Jon SOton Charge Configuration
WV orope0h 12 L 2.8
Phosphorus \S 0 2.8 5

\\\or'\mn. Y

5 T 1 2.8.8
ﬁon\vl' - 3enadss 28 rigek = = Vhnadly 3

L-5 r~t§~*" Loty o\ eIk = O s arks
Question 24 (4 marks)

Draw Lewis electron dot diagrams for the following materials.

H2 02

=
+*o
s want
(6]
R &
00
o
o

H,O OH™
o0 (X
1% of \o
wels SO
®O ®O0

i P 1 {
e Bous shouwld mole QUFPLA CAZCHE
Clese owd pC\a{re—d 4

o Ve 3 ek Vi,\c’ Page90f26 Qo.r C’\PQH{‘
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Form V Chemistry

Part C
Total marks (18)

Attempt ALL Questions

Write your name and your Master’s initials in the space provided above.

Question 25 (3 marks)

2015 Half-Yearly Examination

AR

Master’ §initials

Name

Marks

A sample of processed meat was placed in a container of known mass and dried
in an oven until the mass no longer reduced. The various masses were recorded

in the table below.
Item Mass (g)
Container 21.3
Container and undried meat sample 24.2
Container and dried meat sample 23.4

Determine the percentage water by mass in the original sample of processed meat.

292 -23.9=0- S?’q/% Lodle (7) 3

7

G curdieit a7

%

- -

Z-2

X 22 b

0,

Question 26 (3 marks)

(a) Write a balanced equation for the reaction of aluminium with sulfuric acid.

/‘//%%7/4/5& 77///50)%?// 1

SNloLn

(b) Write and identify the reduction and oxidation half equations for the reaction
of aluminium with sulfuric acid.

Reduction:

Oxidation:

2 A7 4

 Ze =2 H

/:/ —O//”%fe
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Question 27 (4 marks) Marks

Potassium is ductile while potassium chloride is brittle. Explain the difference in
these properties in terms of the structure and bonding of the two materials.

OVK’SAMLD‘/&.//V@&@@//&?&/JQ@¢ 4

X V hblrar 0 i DGLEY W/\/ P ab-/ B\é\é/

NG % /VWS Zrt Mm/ac Se %JA{Y«-} /4‘4\) =
N ol 1 iVt Vit st 2 WYt oY,
\, )(//(//-— /S sz el /4%_ &/3444 W*‘ff 75

/WS ZMM‘;\

N
X vl ;A\M%,@/ /,/,D/M
ﬂ/%f? 1184 N s 7 rrons /v'%a:m,émg L2ors ,74/ /K

Question 28 (2 marks) — ¢ %, ﬁ/d

A pupil was given three metal samples (lead, silver and magnesium), but they forgot
to label the samples. The pupil then conducted the following tests.

Metal Reaction with H,O Reaction with acid | Reaction with
oxygen
1 No Visible Reaction No Visible No Visible
Reaction Reaction
2 White coating formed in near- | Reacted vigorously | Burned readily as a
boiling water with cold H;SO4 thin foil
3 No Visible Reaction Reacted slowly Formed a
with warm H,SOq4 red/brown layer
when heated in air |

Identify the metals 1, 2 and 3.

Metal 1: { /%e,/ 2

Metal 2: // MS‘,
Metal 3: Z—éa
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Master’s initials

Name

Question 29 (6 marks) Marks

Five consecutive elements in increasing atomic number have first ionisation energies
as shown in the table below.

Element \Y \% X Y Z
First ionisation
energy (kJ / mol) 1260 1520 418 590 632

(a) Define First Ionisation Energy

Wrdé’a//v‘—/(‘ﬂ{i"-e Fea1 .z,/m.-, Cen s dt‘ﬁf&/
Zoi 7

(b) Identify which lement/(s) (W-Z) would be most likely to:

(1) be a noble gas.

[y

V
X |

LY

(11) form an ion with a 1+ charge.

(i11) be metals.

X*}/’/'Zz' 1

(iv) exist as a diatomic molecule.

(v) react most vigorously with dilute hydrochloric acid.

X 1
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Part D

Total marks (15)
Attempt ALL Questions
Write your name and your Master’s initials in the space provided above.

Question 30 (4 marks)

2015 Half-Yearly Examination

CRIB - MTK

Explain why atomic radii decrease as you move along a Period of the Periodic Table
but increase as you move down a Group.

Marks

Marks Description
e Discusses that across a period: increased numbers of electrons go into same
4 shell; more protons yet same shielding; hence smaller radius.

e Discusses that down group; new shell; even though more protons and
electrons, also more electron shielding from inner shell electrons, hence larger
radius,

e Gives logical, clear progression and uses good scientific language.

3 o As per 4 marks, but with one item incorrect / missing
2 e Provides 2 items listed for 1 mark
1 e  Mentions any chemistry principle correctly from 4 marks list.

Question 31 (3 marks)

Complete the table below by using the physical properties in the table to classify the
following elements as metals, non-metals or semi-metals and solids, liquids or gases.

Melting | Boiling | Density Electrical Metal/Non- | Solid/Liquid/

Point | Point | (gcm™) | conductivity | metal/Semi- | Gas at 300°C
(0 (°0) (MS m™) metal

A 63 760 0.86 14 M L

B 44 280 1.82 107 NM G

C -39 357 13.5 1.0 SM or M i

D | 937 | 2830 | 53 10" SM 5

<4 — 0 mark

4-5— 1 mark

6-7 — 2 marks

8 — 3 marks 3



Question 32 (5 marks) Marks

A 31.08 g sample of lead was placed into a 100 mL solution containing
16.99 g silver nitrate and left until the reaction had gone to completion.

Complete the table. Show relevant calculations in the space below the table.

Chemical 2+ + :
. Pb 7 Pb g A A NO -

species (aq) ®) & (aq) &) 3 (aq)

Moles in final

mixture 0.05 0.10 0 0.10 0.10

Equation Pbgy + 2 AgGNOj3 () — 2 Agry + Pb(NO3); )

Working

Initial values:

n(Pb) =31.08/207.2 = 0.15 moles

n(AgNOs) = 16.99/(107.9 +14.01 + 3 x 16) = 0.099994 or 0.10 moles
From equation, AgNOj3 is limiting as lead would require 0.3 moles.

Therefore after complete reaction:

n(dg") =0

As nitrate is spectator: 0.10 moles before and affter.

From equation:
n(dg) = initial n(Ag") = 0.10 moles

n(Pb**) =

% xn(Ag') = 0.05 moles

n(Pb) =0.15 % xn(Ag") = 0.15—0.05 = 0.10 moles

OR:

Initial
Change
End

Pb Ag* Ag Pb** NO;
0.15 0.10 0 0 0.10
-0.05 -0.10 +0.10  +0.05 0

0.10 0 0.10 0.05 0.10

NOTE: Ticks do not equal marks

Marks Description
»  Calculates initial moles of lead as 0.15 and silver nitrate as 0.1 (or 0.09999)
5 *  Provides a correct balanced chemical equation

e Determines that silver nitrate is the limiting reactant and sets Ag" to zero.
e  Recognises that nitrates are spectator ions and sets final concentration to 0.1
*  Calculates Pby, Pb”" and Ag, correctly showing full, well set-out working,
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4 e As per 5 marks, but with one item incorrect / missing. (Clear setting out must
allow error to be tracked.)
e  Calculates initial moles of lead as 0.15 and silver nitrate as 0.1 (or 0.09999)
3 e Provides a correct balanced chemical equation
e  Determines that silver nitrate is the limiting reactant and sets Ag' to zero.
OR
¢ Recognises that nitrates are spectator ions and sets final concentration to 0.1
OR
e Provides working that can be followed to allow CE (carry error) marks.
2 e Provides 2 items listed for 1 mark
e Calculates initial moles of lead as 0.15
OR
1 e  Calculates silver nitrate as 0.1 (or 0.09999)
OR
e Provides a correct balanced chemical equation
OR
e  Determines that silver nitrate is the limiting reactant and sets Ag' to zero.
Question 33 (3 marks) Marks

In 1813, shortly after Gay-Lussac published his “Memoir on the Combination of
Gaseous Substances with Each Other”, Jons Jacob Berzelius published an account of
2 volumes of ammonia reacting with 2 volumes of oxygen to produce 3 volumes of
water vapour and 1 volume of phlogisticated nitrous air.

(a) Write a balanced chemical equation for this reaction.

ZNHj(g)+202(g) —)3[120(g)+N20(g) 2
2 marks — correct balanced equation

1 mark — recognises that gas volumes relate to molar quantities and writes a
balanced chemical equation with the relevant molar quantities.

(b) What is the [IUPAC name for phlogisticated nitrous air?

Dinitrogen monoxide - or CE from part (a) 1
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Master’s initials

Name

Part E

Total marks (3)

Attempt ALL Questions

Write your name and your Master’s initials in the space provided above.

Question 34 (3 marks) Marks

Discuss the advantages and limitations of the below model of calcite, CaF,.

D6 dv Q~\-0-&{ .

H\_/\Qli\é . Toung wed nduotad ol ons 3

Q—Qw\_%\d:\ﬁ .

> pMads Al adddbieno) o\ofda~+aga
oa—d  dieadtvo.~ 408@__‘
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Master’s initials

T _CKIR

Name

Part F
Total marks (15)

Attempt ALL Questions
Write your name and your Master’s initials in the space provided above.

Question 35 (7 marks) Marks

Chromium is often found in the Earth’s crust as chromite, FeCr,O4. The production
of chromium metal from chromite involves a series of chemical reactions:

4 FeCr2Q4(S) + 8 NayCOj3(5) + 7 Oy(g) — 8 NapCrOy) + 2 FeyOs(sy + 8 COxy
2 NaQCré;;(;) + HySO4(aq) — NaxCroOr(s) + NapSOyaq) + HaOqy

Na,CryO7) + 2 C(g) — CrO3(5) + NazCOs(s) + CO)

Cry03) + 2 Als) — AlyOs3() + 2 Crg

A 210.0 g ore sample containing 75.40% chromite by mass is processed through this
series of chemical reactions.

(a) Calculate the mass of chromite, FeCryOy, present in the 210.0 g ore sample.

(b) Calculate the mass of carbon dioxide gas produced when chromium is
produced from the 210.0 g ore sample by this process.

Question 35 continued on next page.
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Question 35 continued. Marks

(c) Calculate the mass of chromium metal produced in this process using the

210.0 g sample. 2 \52:00
MR = 15830 K 235 ="T135b, :
J J
DR =~
\

(d) Calculate the number of aluminium atoms consumed in this process.

! @0: l'(l'({)-md{ - 1
M&M = [T i ¥ 602 x10"° wel
= 519 xp** .

Question 36 (3 marks)

In 1962, the synthesis of the first binary compound of a noble gas was reported in the
Journal of the American Chemical Society. Decomposition of this colourless solid
compound was reported to be give rise to 0.2507 g xenon and 0.1435 g fluorine by
mass. Calculate the empirical formula of this compound.

[:{Q}: 0-33%72{__‘_1 = |90 mg::{,w{ @ i
(F)= Z28r = 7503 v .
%Utug ? (E)-_._. 6@;’;' = 37 xmlo"BM @
st
Thea a(F) 395( o ﬂ(Fz)_'.qqg

n{e) ~ . n ()

]

&,
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Master’s initials

Name
Marks

Question 37 (5 marks)

Wegscheiderite is an evaporite mineral found at the Green River Formation in
Wyoming, USA. Elemental analysis shows wegscheiderite to contain four different
elements. When 10.000 g of wegscheiderite is treated with excess hydrochloric acid,
4917 g of carbon dioxide is given off. In a separate experiment, 0.1000 g of
wegscheiderite is dissolved in water and treated with a solution of uranyl zinc acetate.
A precipitate of (UO,)3ZnNa(CH3COO)9'6H,O with a molar mass 1537.9, is
produced which upon filtration and drying has a mass of 2.148 g.

Calculate the empirical formula of wegscheiderite, showing all working and logic.

2 ((0,)= Toppbrr = Jw 0117 i 5
U0),Z N (M 000) - 6H '

“all U= 2:060q |38700
i 15379, ._
in 0 Jorhe) = I-3"1?xw’m{

;" i - .
l ' AYWLS Y . N ™ ‘ QLM Wi wj ;
\l
1 ~ 10 f
' ‘4' N AG AKX A\ lf‘) ‘ _" /] au d‘i— s %’L’ a .

: l

Such a'maM MTV, : w\u‘ (H)
5o () n©Q:n0):H)> 54873
'I.Q. r\)ag(ngB(,DB ©). Page 23 of 26
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