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Candidate 2 Evidence

SECTION 2 —60 marks
Attempt ALL questions

1. A sample of argon contains three types of atom.

36 38 40
BAr s Ar 1Al

(a) State the term used to describe these different types of argon atom.

isoMmey

(b) Explain why the mass number of each type of atom is different.

becowse @i cacin Isomey NS oo
cifferent NMumber OFf ot onts.

(c) 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.
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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 patential use of carbon nanotubes.

{A carban nanotube s a tiny rolled d up sheet o_fgraph1te7A research team
has designed a pillared structure made up of vertical columns of carbon]
£nanotubes which stabilise” parallel graphene. sheets ?Graphene sheets—are—

A ILSE pardilel |
layers of carbon which are one atom thick.

[I_"th toms are Elded to the “pillared : structure “to increase the |

Lot fet=one titredof the
—strocture—carr—store 41g of hydrogen, which comes close to the US

Department of Energy’s target 6f 458.

Adapted from InfoChem Magazine (RSC), Nov 2008

evidence

MARKS

(a) Name the term used to describe a/tiny rchT&i@EE_fﬁgg{ of graphite. ] 1
X covbonn  gaplobt Novoficbe.
(b) Name the rqeg@[;added ta the pillared structure to ° 1ncrease se the hydrogen nf
~ Lrendum
() Calculate the number of moles of hydrogen that, researchers claim, can
be stored by one litre of this structure. 2
Show your working clearly. A% | =10
_m G ok H : — O U
ofm VT - L (xl=%]
|
0 ﬁaf |
cOL
h mo ldﬁ 6 f‘— Jo{ma e,
-—-—-————_,__.
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3. Chlorine can form covalent and ionic bonds.
(a) Chlorine gas is made up of diatomic molecules.
Draw a diagram, showihg 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 chloromethane molecule is shown.

H \\\‘\y ™~ H

Cl

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

P:jv’a—W\znchx_{
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3. (continued)

(c) When chlorine reacts with sodium the ionic compound sodium chloride
is formed. :

A chloride ion has a stable electron arrangement.
Describe how a chlorine atom achieves this stable electron arrangement. 1

Thue are enen nauumbers of  electons
OV eccin eergyY Levell

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

Complete the table szCifEﬁ'ﬁ"g the words which correctly describe the
properties of the two compounds. 2

Compound Melting point Conductor of electricity

chloromethane gas high / yes /(o
solid sodium chloride @ low / no

[Turn over
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Iron is produced from iron ore in a blast furnace.
(a) Iron ore, limestone and carbon are added at the top of the blast furnace.
{Hot air 1s-btuwn-m-n'ea1-the-buttcm-cﬁth9'furna'cem—throug:ﬁéi series'
of “Themical react101'|s—11'o1'r is produced Z'ﬂaste gases are-reteggegj@
the urmacef A tayerof-imprites s a TeetwitcTfloats
: rom—armd—mpar ] —eparately at [/
(the bottom of the furface.
(i) Use this information to complete the diagram. 2
jron ore, B
limestone and
carbon
' "The. ivon cvvdd
T”u_rmn C's"ld fﬂ’\pu_whes t;,w'iﬂ )
(Mpunitiey e, ' '
OfH seperatiy ot 5 ey
Vg bottom of ofF Y fuvnace .
Tl fFuvinbce,
50f 23
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4. (a) (conﬁnued)

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

You may wish to use the data booklet to help you.
beccuse ©Chevioise L e

W(L( \(Y\Q,L“t .

(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(l!l) ions.

Write an jon-electron equation to show iron(Il) ions forming iron(ll)-ions. 1

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

Fells) ———= tedylagyt 2=

[Turn over
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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 phosphorus-32 in a sample
changes over a period of time.

100

|4
I

90 -Hy
= 80 )
[
b ]
S 70 :
Hum
=]
¥ 60 \
=
Y Y
2 50
g
& 40
[ 2]
5 :
g 3
z 20 T

10 2

0 : e

0 10 20 30 40 50 60 70 80 90m100
Time (days) |
(i Us1ng the graph, calculate the half-life, in days, of phosphorus- 32% ‘L
O T N
(. Se2S G oA Ufed -
2 X

(ii) Using ybur answer to part (a) (i), calculate the time, in days, it would
take far the mass of a 20 g sample of the radioisotope to decrease to

258, 2
rote = O Srondiy
B AT v la -5 e O
b TP
ee 22 =

== 8 ooy

(b) Phosphorus-32 decays by emitting radiation.
During this decay the atomic number increases by 1.

Name the type of radiation emitted when phosphorus-32 decays. 1

ﬁ bete—
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6. A student wanted to investigate whett_\_erEoppér could be used. as a catalyst
for the reaction between(zing and/Sulfuric acid. - R

-

In(s) + H,S0,(aq) —— ZInSO,aq) + Hy(@)

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

T e shagent coudd <ex Lp O-N
expertnanst ik Zanc avd "Dmuﬁ‘.
cectet. ha cocild put a-tumb ot 2nC
MM 112 ccrpl eng iV Vow toryg ie
o lees for the reacfion T occcwr. He

cowld repeat trat ol few tinus o Mol
St s ceCeante He cowuol e n i
e copper TN as oo Cofolyst and
repeede v experemant, (feeeping ol Vorisdes
A2 same) ond  «nen i o sex t
cop AN vecefion s Gustlcss OV NG -

wCEHC N | weles
mol ol 2] eases
' | Buluie — Coppv
ceL-Ci = C cofelyy=t
z:nQLu_mp 2ina Cunmpe.

Su!fwg-
[T
The shwdent cowkd oloo vy S
zinc powder ang see AL e Cf7on
(s ou’Ud Ol)u'ctcay, Noweraw, tine Shwolont
WUDE  remombpers thout LIvtin powioley

the ecchon turtl be O[/uwcﬁaz/ a,n,U Loy
S Poww Vi srractcre N Dean
hroten wp e_ingd Ve Favr Tlhe iRa cfion ¢ g

Quitlcer

[Turn over
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7. Carboxylic acids can be used in household cleaning products,
(a) Name the functional group found in all carboxylic acids. 1

Cov/ bory)

(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 Metlting point (°C)

propanoic acid -21
butanoic acid -5
(i) Draw a structural formula for butanoic acid. 1
H

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

becoouse 1IN ?VDPC‘“”D‘-C' cecio!
Yhere e (ess Ccourbons o
Inveccl. g -
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8. Ateacher demonstrated the following experimenf:
ceramic wool
pe??::flzi:rgte ——C \ g‘}é | g‘l_%
(releases oxygen) AL = <O
T N

heat heat  strip-of metal

The results are shown in the table.

Metal " Observation
zZinc glowed brightly
copper dull red glow
silver no reaction : .

(a) () Describe what would be observed if the experiment was repeated
using magnesium. 1

Ahese Luourd be co vﬁﬂj
Drignt gt -

(i) 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

the yade of reacfion wWald

(b) Magnesium also reacts with steam to produce magnesium oxide and
hydrogen gas.

Mgis) + H 0@ ——= Mg + Hy®

ldentify the substance which is being oxidised. 1

[Turn over
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9. The alkanes are a homologous series of saturated hydrocarbons.

(a) State what is meant by the term homologous series. 1

o Pouruly of com poUNcs

e Ve soceme generodl
Lorvudon Bt cunol Srauar
chrent col 'ompe-/’f‘f ey,

(b) The structural formula of two alkanes is shown.

| |
H—C—H H—C—H
H H H H H H H
| 1] | |
H—C—C—C—C—C—H H—C—C—C—C—H
[ . I l
H H H H H H H H
’ H—C—H
.
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

Ve driger

 Sotope -
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9. (continued) MARKS

(©) 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.

=X
-

H
I
c
I
H
H

I—0—I

I—0O—I

II—0—I

I—0O—I
!

¥

Time taken to pass through the column

@i} Write a general statement Llinking the structure of the alkane to the
length of time taken to pass through the column. 1

e  Lopgey Eie biMe Ealn,
C Ve nwee Coubong In the
St viuctwere .-

(ii) 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.)

SQA | www.understandingstandards.org.uk 12 of 23
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10, A student set up an electrochemical cell using aluminium and copper
electrades as well as aluminium sulfate solution and copper(il} sulfate solution.

(8 (@ 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.)

@ e
>——(A)—>
ol wuvuindam i 7

Llectroo ion bridge elechoele
WAL S N coppevls
o SuApeFe s gluction S wlpedte

3 o Loy
(3i) The two reactions which take placein the cell are

Als) —» APYag) + 3e
Cu*taq) + 26 ——  Cu(s)

Write the redox equation for the overall reaction. 1
) ——> A1PNagy + 3o
<35 CuF lag) +2e” ~ Cul®)
2406 ——> (A1), + e
U, bop +be- > 2.CUR)
DA18) + coudt > (), )

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

Show your working clearly. Clia 5
Al S 3R T N
-_ — S {
\ N < TF =
—_ 1o =1E2 G

DH2

—

v
‘/.fY\.Ot.b‘b'-?._s____ w | OC,

342
= IR-1P4. ..
= 1s-T°.

r—————

—
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11, Sulfur dioxide is an important industrial chemical.
Sulfur dioxide dissolves in water to produce sulfurous acid.
SO,(8) + HO0®) ——  H,50,(aqQ)
S 2

(@ Explain the change in the pH of the solution as sulfur dioxide dissg

Qdcw ‘

(b) The graph shows the solubility of sulfur dioxide at different témperatures.

250+

200 -
‘?“N

E/” 150 -
=

:;‘ 100
O
vy

50

O ] ] ] ]
0 10 20 30 40
Water temperature (°Q)

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

increases. .
The sowbility decreases 6
The (uodes temPe/amr& ingcases |

14 of 23
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12. Geraniol is an essential oil known to have anti-inflammatory properties.
A structure for the geraniol molecule is shown.
(@) Circle a functional group found in the -geram'ol molecule. 1

‘(An additional diagram, if required, can be found on Page 28.)

SQA | www.understandingstandards.org.uk 15 of 23
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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
A bcp)(\/fc, C
>
(¢) A student prepared a sample of geranyl propanoate ‘from geraniol and
propanoic acid.
geraniol + propanoicacid ——» geranyl propanocate + water
CioHigO  + C3He0, — Ci3H3,0, + H0
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. (S b so0c
. = G OISH
44" A C ” o
13 22 2
™M= o oISY¥ N2 O L—'Z_X[b
. 2%
o= % L 9 ESES
210
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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.
| T T
H—C= —|C—H- H—C= -—cl.:—?—H H—C= —(l:—?—(l:—H
H H H H H H
propyne but-1-yne . pent-1-yne
(@ Suggest a general formula for the alkyne family. 1
Chiz e -
(b) Ethyne can undergo polymerisation to form poly(ethyne).
H :H
B ol
H C=C—H — /C%C/C§C C%c/
I | I
Hi H H
(i) Draw the repeating unit in the polymer poly(ethyne). 1
+
|
- O
@ii) Name the type of polymerisation taking place when ethyne is
converted to poly(ethyne). 1

oddiion Pdl@m Lvisation
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13. (continued) MARKS

(@ Alkynes can be prepared by reacting a .dibromoélkane with potassium
hydroxide solution.

Br Br H H

H—C—C—C—H + 2KOH —= H—C=C—C—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
RN '
H—?—?—?—?—H + KOH —» | — C— &= C —Hiz2kber
l .
H H H H L 2+, O

2,3-dibromobutane

(i) The structure for 2,4-dibromopentane is shown below.

H Br H Br H

I O I
H—C—(—(—C—C—H

[ T

H H H H H

2,4-dibromopentane

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

bQCOu./L.De e Pdt-aﬁ:aruu\/\
h,@obm)\-‘ote S Aldron brecdes b ing
Evipia- borad ound twarerr counnot

be mumbers of the ferviy
[Turn over
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14. (@) A group of students carried out an experiment to measure the energy
produced when 5 g samples of different alcohols were burned.

thermometer
glass beaker water
alcohol
The results are shown.

Alcohol Energy released (kJ)
propan-1-ol 158 L)- @
butan-1-ol: 170 \

nl
pentan-1-ol 179 Y .
hexan-1-ol 185 IZ ©
3
18 .Z
(i) Draw a structural formula for hexan-1-o!. 1

(i1} Predict the energy released, in kJ, if the same mass of heptan-1-ol
was burned. 1

152 K)
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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 wher; the alcohql was burned (kJ) 13-3
Initial temperature of sodium ‘chloride solu_tion °C) 15
Final temperature of sodium_chloride solution (°C) 49
Mass of sodium chloride solution heated (g) 100

Calculate the specific heat capacity, in kJkg™' °C’", of the sodium chloride
solution. 3

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

G CbDT 4q-p=34

chh= 418% 133 % 34
= |8QO°IQUK§I€3—‘°C:'
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15. A student was given two solutions of sodium carbonate, one solution with a
concentration of 0-1 motl™ and the other with a concentration of 0-2 mol I”%.

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

The student could do a
TitvodtTon grperemone witwn
Pooi thvi. sowdvons oord
Ve OYee ugdEy ok df\mnges
QL Clrene (B Kt O o

UNIversef
inolicoder.| .
‘ - PiplettR. tiviey,
‘ Crorui ok
. floose

[END OF QUESTION PAPER]
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ADDITIONAL SPACE FOR ANSWERS AND ROUGH WORK
H OL’) Tho pH HUYS e Sanne.

QS when Luoter s el ect
Y‘\g‘hfuﬂg LIl ng ppen o its
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