National 5 Chemistry Question Paper 2017 Candidate 1 - evidence

Candidate 1 Evidence

MARKS
SECTION 2 —60 marks
Attempt ALL questions
1. Asample of argon contains three types of atom.
A BAr BAr
(a) State the term used to describe these different types of argon atom. 1
Totopes
(b) Explain why the mass number of each type of atom is different. 1

ﬂte\\j have dAﬁC&W nurnb &8 DF newddns

s eany e Mol aumbers are  oli fitent

e (4058 auiwber

becc{w&% EA ’HN, MUWber of ra{th)M PWJ
e number of newbons.

() This sample of argon has an average atomic mass of 36-2.

State the mass number of the most common type of atom in the sample
of argon.

K18
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2. Read the passage below and attempt the questions that follow.

Hydrogen Storage

The portable storage of hydrogen (H,) is key to the development of
hydrogen fuel cell cars. While many chemists focus their attention on the
use of metal alloys and hydrides for storing hydrogen, others have
investigated the potential use of carbon nanotubes.

A carbon nanotube is a tiny rolled up sheet of graphite. A reseafch team
has designed a pillared structure made up of vertical columns of carbon
nanotubes which stabilise parallel graphene sheets. Graphene sheets are
layérs of carbon which are one atom thick.

Lithium atoms are added to the pillared structure to increase the
hydrogen storage capacity. Researchers claim that one litre of the
_structure_can—store_41.g_of _hydrogen,—which. comes—close—to—the US|
Department of Energy’s target of 45 g.

Adapted from InfoChem Magazine (RSC), Nov 2008

(@ Name the term used to describe a tiny rolled up sheet of graphite. 1
crbon  nownobucbe,

(b) Name the metal added to the pillared structure to increase the hydrogen
storage capacity.

[,[{{W

(©) Calculate the number of moles of hydrogen that, researchers claim, can -
be stored by one litre of this structure. 2

[-lla "‘LH‘L

Mass :%@g.ou\b
Fm=1

|

ﬂf\dlf/:\ - OOZOSMOL L“\

Stiow your working clearly.

1L =uly
Il = ool4iL
Ml
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3. Chlorine can form covalent and ionic bonds.

(@} Chlorine gas is made up of diatomic molecules.

Draw a diagram, showing all outer electrons, to represent a molecule of
chlorine, Cl, 1

(b) Chloromethane is a covalent gas with a faint sweet odour.
The structure of a chlorométhane molecule i$ showri.

H

e
uf
ct

State the name used to describe the shape of a molecule of chloromethane. 1

Tebvodredsral

SQA | www.understandingstandards.org.uk 3of 21



National 5 Chemistry Question Paper 2017 Candidate 1 - evidence

MARKS

3. (continued)
(c) When chlorine reacts with sodium the ionic compound sodium chloride
is formed.
A chleride ion has a stable electron arrangement.
Describe how a chlorine atom achieves this stable electron afrangement. 1

owwb o~ elechone 0 become
e/j a,ﬁeol so (6 how e Al ouler

fyﬂeobfom sheld

(d) Covalent and ionic compounds have different physical properties.

Complete the table by circling the words which correctly describe the
properties of the two compounds. _ 2

Compound Melting point Conductor of electricity

chloromethane gas high /{ow) . yes /
solid sodium chloride / low yes / @ |
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4, lron is produced from iron are in a blast furnace.

(@ Iron ore, limestone and carbon are added at the top of the blast furnace.
Hot air is blown in near the bottom of the furnace and, through a series’
of chemical reactions, iron is produced. Waste gases are released near
the top of the furnace. A layer of impurities is also produced which floats
oh-top of the iron. The iron and impurities both flow off separately at
the bottaom of the furnace.

(i) Use thisinformation to complete the diagram. 2

iron ore, -
limestone and
carbon
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4, (a) (continued)

(i) Explain why the temperature at the bottom of the blast furnace
should not drop below 1538 °C.

You may wish to use the data booklet to help you.
Becaune that @ the melbng poisk of
Zﬂm—n wol F T wos below™” 153 ¢°C

Wotleln 't be L{‘ZW'OZ o Flow ok oF the

blaab  hwnace.

(b) Rusting occurs when iron is exposed to air and water.

During rusting, iron initially loses two electrons to form iron{ll) ions.
These ions are further oxidised to form iron(llf) ions.

Write an ion-electron equation to show iron{ll) ions forming iron{lll) ions. 1

You may wish to use the data bodklet to help you.

Fr-e"— Fo”
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5. Phosphorus-32 is a radioisotope used in the detection of cancerous tumours. MARKS

(@ The graph shows how the percentage of phasphorus-32 in a sample
changes over a period of time.
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Using the graph, cal¢ulate the half-life, in days, of phosphorus-32. 1

f@dajj

(i) Using your answer to part (a) (i), calculate the time, in days, it would
take for the mass of a 20¢g sample of the radioisotope to decrease to
2-5g. 2
i i% %

200 10 — S, =725
AN
4?0&65

(b) Phaosphorus-32 decays by emitting radiation.
During this decay the atomic number increases by 1.
Name the type of radiation emitted when phaosphorus-32 decays. 1

Getor
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6. A student wanted to investigate whether copper could be used as a catalyst
for the reaction between zinc and sulfuric acid. .

n{s) + H;504aq) — Zn50,a@q) + Hy(g)

Using your knowledge of chemistry, suggest how the student could investigate
this. - 3

VEM& HN« vea hon Witl’hawt the Cwﬂae/ then MWQ
the copper o dee it increased the rateo

reaction,

Exarune  Hhe  opper before the reaction 16 it has
d’mmae,o( ey the reachon thea if (50T @ wfﬂﬁsg

Kq;mxb the MPW_

ot M/ﬁﬂ,a B e

Hﬂ rejulls  more reliable.
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7. Carboxylic acids can be used in household cleaning products.
(@ Name the functional grloup found in alt carboxylic acids. 1
az/bo;fjl Smwf’
(b) Carboxylic acids have a range of physical and chemical properties.

Melting point is an example of a physical property.
The table gives information about propanoic acid and butanoic acid.

Carboxylic acid Melting point (°C)

propanoic acid 21
butanoic-acid : —H— : e
(i) Draw a structural formula for butanoic acid. 1
H H H
[ LR

(if) Explain why butanoic acid has a higher melting point than
propanoic acid. 2

Tt hoas more carbon atomy  which therefive
meamd  moe  bonels. Mo eneqy Y Peiawd
o break He butznaC aod  than e

P pamoc  acid o Herebore  butmno'c acisl

Lw\/J 0 lmt(‘jlw/ m&dy@ pob;/tf,
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8. Ateacher demonstrated the following experiment.

ceramic 'wool

potassium —
permanganate ——C PO

(releases oxygen)

heat  strip of metal

The results are shown in the table.

Metal Observation
zinc glowed brightly ‘

copper dull red glow
silver no reaction

(@) () Describe what would be observed if the experiment was repeated
using magnesium.

Tt whoadd Ve loweol lo“jw andl  react 50@
it He %

(ii} The teacher repeated the experiment using copper powder.

State the effect this would have on the rate of the reaction
between copper and oxygen. 1

1t would inoreshe the coille of
Macthior o Here v o Smaller }M/z‘\oﬂé
SL?,e :

bﬂw

(b} Magnesium also reacts with steam to produce magneswm oxide and
hydrogen gas.

Mg(s) + H08) — » MgOG) + H(@
Identify the substance which is being oxidised. 1

Ma N edivm
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9. The alkanes are a homologous series of saturated hydrocarbons.
(@) State what is meant by the term homologous series. 1
& homoogits Sened © o M of Cavaomdf,f

Wi cha B -
He  Same JM rmuda

o §laud (ar ohe,mcﬂi. propertey

Jmobua/. @L\wﬁb on Fllltjd(m/( P"QPMhM

{b)—The-structural-fo rmula—of-two-alkanes—is—sh own:

| |
H—C—H H—C—H
H H H H H | H H
| | I | |
S A A S
H H H H H H H H
H—C—H
I
N H
2-methylpentane . 2;3-dimethylbutane

State the term used to describe a pair of alkanes such as 2-methylpentane
and 2,3-dimethylbutane. 1

bramohed alkanes o branched l:jolﬂoccwbowi
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9. (continued) MARKS

(c) The alkanes present in a mixture were separated using a technique
known as HPLC. The mixture was vaporised and then passed through a
special column: Different alkanes take different amounts of time to pass
through the column.

The results are shown.

H
H_é_H H H H H
H H H I
| | I | H—C—C—C—C—H
H—C—H H—C—C—C—H ||_| ,]_l ,l_l
H H | ’ | H H
H H H
[
C—C—C—H
R
H H H

\If

Time taken to pass through the column

(i) Write a general statement linking the structure of the alkane to the
length of time taken to pass through the column. 1

The I her Ho aumbe, of cfbon akomy,
bhe OV}jgf 't ook & poss t‘:Lwa/(jlu
H/L& colwmn . '

(i) Propane was added to the mixture and the HPLC technique was
repeated.

Draw an arrow on the graph to show the expected time taken for
propane to pass through the column. 1

(An additional diagram, if required, can be found on Page 27.)
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10. A student set up an electrochemical cell using aluminium and copper
electrodes as well as aluminium sulfate solution and copper(il) sulfate solution.

(@) () Complete the labels on the diagram to show the electrochemical
cell which would give the direction of electron flow indicated. -1

You may wish to use the data booklet to help you.

(An additional diagram, if required, can be found on Page 27.)

./

_ Sl Ftz
Sobut' o

L
/ \
s&’gﬁww
(i) The two reactions which take placein the cell are

Alls) --— ABf(aq) + 3e
Cu*(aq) + 28¢ --—»  Cu(s)

Write the redox equation for the overall reaction. - 1

[ﬁ,[‘sa.t) ¢ Sg’a-Cu,H(qZ)P Je- —3 Rl + CM(;)

(b) Calculate the percentage by mass of aluminium in aluminium sulfate,
Al,(SO,);. 3

Show your working clearly.

ALy = Sk __f_ti—-—-
33 - 76 246

0, =16

17~

x{00
=2aste .
=27/
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11. Sulfur dioxide.is an important industrial chemical.
Sulfur dioxide dissolves in water to produce sulfurous acid.
SO,(g) + H00®) —— H;505(aq)
(a) Explain the change in the pH of the solution as suifur dioxide dissolves. 2

The PH Btpatstss  Jocreones to below T fo become
o am‘d-m [;3 be couse it JM meve H1 "CWLJ
to have mae  HY (ons  then OH™ ifons 0 &4

bewww an  ocedl.

(b) Thegraphshows the solubility of sulfur dioxide at different temperatures.

250 -
200 -
)
% 150-
=
5§ 100-
(=]
vy
50
01— T I ~ - 1
0 10 20 30 40

Water temperature (°C)

Describe the general trend in solubility as the temperature of the water

increases. 1
As the water temperalnt Jncreases, the selubitity#
decrenien |

#of Sulbur olioxide
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12. Geraniol is an essential oil known to have anti-inflammatory properties.
A structure for the geraniol molecule is shown.

HiC _CHIOD

[

(@} Circle a functional group found in the geraniol molecule. 1
(An additional diagram, if required, can be found on Page 28.)
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12. (continued)

(b) One of the compounds used to flavour foods is geranyl propanoate.

Name the family to which geranyl propanoate belongs. 1

Esters

"

(c} A student prepared a sample of geranyl propanoate from geraniol .and
propanoic acid.

geraniol + propanoic aéid — geranyl propanoate + water
@ £ OGHO, . @ + MO
15-4¢g of geraniol was reacted with excess propanoic acid.

Calculate the mass, in grams, of geranyl propanoate which would be
produced. 3

Show your working clearly. . ~

A
EN

[Turn over
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13. The alkynes are a family of hydrocarbons which contain a carbon to carbon
triple bond. Three members of this family are shown.
| RN F
H—C=C—C—H H—C= —(l:—(ll—H H—C= —(|:—(|:—(|1—H
H H H H H H
propyne 4 but-1-yne {, H, pent-1-yne
Gy
. C g H 3
(a) Suggest a general formula for the alkyne family. : -1
Cbyp
(b) Ethyne can undergo polymerisation to form poly(ethyne).
(S
H—C=C—H —0» /C\C/C\C/C\C/
| | I
H H H
(i} Draw the repeating unit in the polymer poly(ethyne). 1

H-cz¢ -H

(iiy Name the type of polymerisation taking place when ethyne is
converted to poly(ethyne). 1

Ao o1 ﬁﬁ@mw{ sotion
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13. (continued) MARKS

'(c) Alkynes can be prepared by reacting a dibromoalkane with potassium
hydroxide solution.

R I
H—clz—clz—c—H + 2KOH — H—CEC—lc—H + 2KBr + 2H,0

H H H H

1,2-dibromopropane propyne

(i) Draw the full structural formula for the alkyne formed when

2,3-dibromobutane reacts with potassium hydroxide. 1
' H
o ‘)
H.—_clz—_glz-—,lc—']cf_H +2kH—» H-CZC~-C- Ck——l-l + 7K
H-H.OH W How  +24,0

2,3-dibromobutane

(i1} The structure for 2,4-dibromopentane is shown below.

H Br H Br H
SRS S
Lokoa b
2,4-dibromapentane

Suggest a reason why 2,4-dibromopentane does not form an alkyne
when it is added to potassium hydroxide solution. 1

Becarae fhare ae oo mwf:j o bon®
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14. (a) A group of students carried out an experiment to measure the energy
produced when 5g samples of different alcohols were burned.

thermometer

glass beaker water

alcohol

The results are shown.

A{cohol Energy released (kJ)
7p|i0p§717n-1-0l 158 ) 1
butan-1-ol 170 4
pentan-1-ol . 179 )
hexan-1-ol 185
(i) Draw a structural formula for hexan-1-al. 1
H H H HH H & (n Hw—ﬂOH

I
H—c-(}—cfg'C”ﬁ‘@‘H
T
o by
" HH H.

(i) Predict the energy released, in kJ, if the same mass of heptan-1-ol
was burned, 1

lgzbﬁ
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14. (continued)

(b} The energy released when an alcohol burns can be used to heat liquids
other than water.

The data below was collected when the energy released, by burning an
alcohol, was used to heat a sodium chloride solution.

Energy released when the alcohol was burned (kJ) 13-3
Initial temperature of sodium chloride solution (°C) 15
Final temperature of sodium chloride solution (°C} 49
Mass of sodium chloride solutibn heated (g) 100

Calculate the specific heat capacity, in kJ kg™ °C™!, of the sodium chloride
solution. 3

You may wish to use the data booklet to help you.
Show your working clearly.

o S S
gh/’~ CV‘ADT M 0( (-‘l%;:;)

. 49-(S
E}L"&'W)@'D@q) DT: 34 |
=)4-212%3 kﬁ"’t“

[Turn over for next question
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15, A student was given two solutions of sodium carbonate, one solution with a
concentration of 0-1 mol ™ and the other with a concentration of 0-2mol ™,

Using your knowledge of chemistry, suggest how the student could distinguish
between the solutions. 3

_ b
*The 0 Zmol 7 solutior would Yz dbnst .
w/wmfed Qf\a//l- 4',1\& O'IMoLL'l solubron
Move.  Cow

S0 codd  add @ Substance Wb~ reaels
wWith socliunnt conbovote 10 cacih Solubi'on
0"21(‘&0[(,4

ind Bme g one b Hee
will (ATCVLORE Elre—rt a@—e)-é—r‘@a-éékm—, E—

ol e A quacikedt
Tive each reachlon o dee Jah one A G

oD, o Citration b Cee  whith one  cowlod

nowbalue  on alkalie  guickedst and te o
thot o %M‘@Wt’ woudd be  bhe O\'ZWW'“'{

[END OF QUESTION PAPER]
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