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Unit 1 Foundation Chemistry

Friday 27 May 2016 Morning Time allowed: 1 hour 15 minutes

Materials

For this paper you must have:

s the Periodic Table/Data Sheet, provided as an insert (enclosed)
e a ruler with millimetre measurements

« a calculator.

Instructions

» Use black ink or black ball-point pen.

Fill in the boxes at the top of this page.

Answer all questions.

You must answer the questions in the spaces provided. Do not write outside the box around each
page or on blank pages.

All working must be shown.

* Do all rough work in this book. Cross through any work you do not want to be marked.,

Information

The marks for questions are shown in brackets.

The maximum mark for this paper is 70.

You are expected to use a calculator, where appropriate.

The Periodic Table/Data Sheet is provided as an insert.

Your answers to the questions in Section B should be written in continuous prose, where appropriate.
You will be marked on your ability to:

— use good English

— organise information clearly

— use scientific terminology accurately.

Advice
¢ You are advised to spend about 50 minutes on Section A and about 25 minutes on Section B.
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Section A

Answer all questions in the spaces provided.

1 Mass spectrometry is a technique that can be used to separate isotopes of an
element in order to determine relative atomic mass.

1 (a) Give the meaning of the term relative atomic mass.
[2 marks]
Ave,(aqe, mass ofF 4 odom |
/12 mass of one atom of C* |
1 (b) In a spectrometer, isotopes are converted into ions that are separated by deflection and
are then detected.
1 (b) () lons are deflected using
[1 mark]
Tick (v’) one box. Lo
an electric field |j ok @o\
' e S G
¢ k& Wy
] X W
an electron gun L \Q \ . ‘5 o
r\ *
_ N\
a magnetic field 2
a potential difference |_
1 (b) (ii) Describe how the ions are detected.
[2 marks]

/n'\l’:‘. onS lni#— ‘H\(/V\E"rﬁ‘ \lnlal-c of ‘H\: de-{-co-fof cad.
electrons Flow From the ,0'6.41 fo e ﬂo.ri‘h'vcim
uhere they are accepbed . s cuks G cutrent s |
be qc/\cm{-ca(,
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1 {c) Table 1 gives the relative abundance of each isotope in the mass spectrum of a sample
of silicon, recorded using a high-resolution mass spectrometer.

Table 1

mjz Relative abundance /
27.976 92.23
28.976 467
29.973 ' 3.10

Use the data to calculate a value for the relative atomic mass of this sample of silicon.

Give your answer to 3 decimal places.

= [2 marks]

@2'25 « 27 G H46T x28-196)+310x259%3)
. Tole
= 2%C%%

1 {d) A second mass spectrum was recorded for the same sample of silicon.
The energy of the electrons from the electron gun was higher for this second spectrum. |

State and explain one similarity and one difference between the two spectra.
[4 marks]

Similarity pealcs woulé be of 4l Scme M)z
Explanation [+;S te fc.me ﬁ:mlﬂg‘.’ .

Difference._304; Ysne.| peallS ut swelle/ mlr valees
Explanation ‘mo"(, ‘f'l'\f{r\ ore electrn Gn ])t rcmalfc(/{—,
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I
2 {a) Van der Waals' forces exist between all molecules.

Explain how these forces arise.
[3 marks]

AS eleChrons Gt Q‘WC&%I Ihoumq qf‘ Gmu' e
rovert 1a tve o tem Qf}iy/"\ dw‘e Coulé Occod. /lmS
femporam_d' ' cod tha indvee o dipele in ¢

(\LIQ\"CVII\%U\ mo(f.cute, /che ﬂa({'ncl s and!. -Ve
Clnafc_x( c.'Hrqc'I* each 0+Lf / gr\&i—m" s>e+c.

2 (b Table 2 shows the boiling points of methanol (CH:;OH)'énd-methanethiol {CH3SHj).

Table 2
Compound Boiling point/ °C
Methanol 65
Methanethiol : 6

2 (b) (i) Explain, in terms of their intermoiecular forces, why the boiling points of these
compounds are different.
[3 marks] .

/V\drkano\ \naS \/\qbroqen lo(mémq whereas e j’hvnquj-
(nter thoheelar {;ﬂ.‘:s mcé“ﬁﬂcék.ol hes ;5 O fole- 00",
Hqéf0q3n bonding_is StrrGer then Jﬂd rj,ffld‘f

.. kaS‘ G kdcc’bo-hﬁ\oj ﬂosnE

2 (b) (ii) Suggest how a mixture of methanol and methanethiol could be separated.

ion
D] 5"'!“5|’h0ﬂ/ , (j pam\fp_\tﬂ‘\ \n()gn'}\ q

{1 mark]
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c uggest why methaneseleno 33eH) has a higher boiling point than
2 (c}) S t wh th lenol (CH3SeH) h higher boili int th
methanethiol (CH3;SH).
[2 marks]

fV‘eéLo‘ncsclqno\ s Q larﬁcr molecle as Je 1o

a l?ﬁﬁ« GAran with wmon electrag- flis 'FO/MS
~}mnq¢,~ Von der Wagl s %r@; beFaen the |
mo(eo/lqg,

2 (d) Sulfur forms many molecular compounds with the halogens.

2 (d) (i) Draw the shape of an SFg and of an SF4 molecule.
Include any lone pairs that influence the shape.
State the bond angle(s) in SFs and in SF4
Name the shape of SFg

[6 marks]
SFg SF,
Y0 s 9P houls §
(6 + 6)52 7 Ceutwn | (64 4)52 =5 i
NOLW f‘-:’l. 1“"&‘)&?‘
_p/////, ] \\\\{ ‘p \\\\‘F s-}lvu.ﬂ

Shape ‘ 5
‘p/ I)P .F/wfm.
%0t

. §5-854°
Bond angle(s) 0‘ O 160 - 1\ q°

Name of shape OC-{-ghc})ml
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2 (d) (if) SCl; reacts with NaF to form SF, and S;Cl, and one other product.
Write an equation for the reaction.
[2 marks]
|
35CL7. #Naf Sty 4+ 92CL, +TNaCl
6% 17

X yoo \ X |

:

|

!
[Vl
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3 (a)

3 (a) (i)

3 (a) (1)

3 (b)

3 (b) (i)

3 (b} (ii)

Compounds containing Cu?*, OH™~ and CQO4%" ions are sometimes described as
basic copper carbonates.

Solid Cup{OH),CO; is added to an excess of dilute hydrochloric acid.
A solution of copper(ll) chloride is formed, together with two ather products.

y ',u‘i
il ¥ lv a(:‘d ﬁ \.\-
":.-_. A .. ._‘\«1‘

Write an equation for the reaction.
[2 marks]

L l- o ..1 k - .

CU1COH>1C03 L ——"Z(,uCtz + CO2 +.3|'|'LO

Suggest one observation that could be made during the reaction.

[1 mark]

ep'(\'e(VCJCCI\Ce ‘FfOM CO’LﬁQf fC(CCiJEO(;.

A 5,000 g sample of a different basic copper carbonate contains 0.348 g of carbon,
0.029 g of hydrogen and 1.858 g of oxygen.

State what is meant by the term empirical formula.
[1 mark]

ZOWCSP whale number vaho.

Calculate the empirical formula of this basic copper carbonate. ) _7-’-"9

Show your working. Cos 59 .@.o;q-p o.024+ 155§
C H o cE:Lmarks]
C-34% - 0029 - poza  I'§S8 - gllees - HS
peth T - = =
12 il 1§ 6%-S
L 0-029 * 0-026 + 0028 0029

= 2 2 ) 3
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4 (a) Octane {CgH4g) is an important compound in petrol.

4 (a) (i) Identify the homologous series to which octane belongs.
[1 mark]

A or.
f1 is

Alkcan

V.
b}

®
L%

4 (a) (i) Write an equation to show the complete combustion of CgH1s
[1 mark]

C% His 4 1250, — BC0O2 4 4H,0

4 (a) (iii) An isomer of octane used to improve the performance of car engines is shown.

e
HaC—C—CHp—C—H
| |

CH, CHa

Give the IUPAC name of this isomer,
[1 mark]

A 2, 4 -+rimeth3(.?cn’rane

4 (b) Compound X is produced when an alkane is cracked.

H_ CHCH
c=C
Ve N
H H
X

4 (b) (i} Give the IUPAC name for compound X.
[1 mark]
2 |
uk-l-ene

4 (b) (i) One molecule of an alkane is cracked to produce one molecule of compound X, one
molecule of octane and one molecule of ethene.

Deduce the molecular formula of this alkane.

CiaHzo

[1 mark] |

I
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4 (b) (iii) Name the type of cracking that produces a high yield of compound X.

Give two conditions required for this process.
[2 marks]

Type of cracking /( l’\zfmc\L
Conditions Hiﬁl\- 'cem'pem&ure an(l, L\‘gh P(CSS "e .

Question 4 continues on the next page

Turn over
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4 (b) (iv) Compound X has several isomers. The structure of X is repeated here.
H\ /CHQCH3
c=C
/ N\
H H
X |
|
Draw the displayed formula of a chain isomer, a position isomer and a functional group
isomer of compound X,
[3 marks]
i Type of isomer ?\Displayed fprmula of isomer of compound X
i o< v
L -~ K A
~ Ve \ N o
- \WN\e
Chain c=C M N A
! o .
i4 \ »‘u - “‘ ‘:?‘,.I s
'
H
H H oo
' ! 1 i
Position u - |
i |
: ) "
- .
H H |
i i
H
: Functional group { {
b 2
] |
g A
|
I —
10

L
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Section B

Answer all questions in the spaces provided.

5 This question is about the periodicity of the Period 3 elements.

5 (a) State and explain the general trend in first ionisation energy across Period 3. |
[4 marks]

Increases  aeross ‘pc_n'od, 3.

1t AcrealeS O Nuclear Churye ncreaSeC GCiosS
G pcnoA bA b has Similar Oh: clduf'cn This means
'an"' C,mcrql(.»\ the W Q ﬁ‘/?mqer‘ C,H"’(CLo.q
from nuctwj \:fn ovter ¢lectronS .

5 (b) Give one example of an element which deviates from the general trend in first ionisation
energy across Period 3.

Explain why this deviation occurs.
[3 marks]

Alominum is lower than Modresionn as Hese- i

Now & Sub orbitsl C“\&ngcd (fem 35 P ?P)’ﬂt

3ps higher eNergy So is &\:?h‘l\h) easier
remove .
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5 {c) Table 3 shows successive ionisation energies of an element Y in Pericd 3.
Table 3
| lonisation | ! | | '
i humber §1|2|3§4 5!67.!8
i lonisation energy | | i !
0 ot | 1000 | 2260 | 3390 | 4540 | 6990 ‘ 8490 | 27100 | 31700
v i %
Identify element Y. Lt"w ;Q,\ g sho” \
no- ALt
Explain your answer using data from Table 3. o;‘ba" gt
o (’ 4
L alf [2 marks]
Y = ol {UC /ﬂ\ RS bcmuq- ’H‘m 10n156hoA
ene f‘\t\ vielue: \UM’IUA )u‘}heer\ £ + :f Thot, nq
G orb, ¥s | wai‘ Cl\anqt
5 (d) identify the Period 3 element that has the highest melting point.

[

Explain your answer by reference to structure and bonding.

[4 marks]

O i con . H’ ‘NZ(S G Oi}an+ Cvelnt Stachoe  with

many  Sxrong (‘ovq%—dr bond ¢ «hich g

J |
lors ¢ srgunds oF emm + bresic.

WMPHun18/CHEM1

Do not write
outside the
hox




13

Turn over for the next question
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6 Phosphoric(V} acid (H3POQ,) is an important chemical. It can be made by two methods.
The first method is a two-step process.

6 (a) In the first step of the first method, phosphorus is burned in air at 500 °C to produce
gaseous phosphorus(V) oxide.

Pa(s) + 502(g) —> P,044(q)

220 g of phosphorus were reacted with an excess of air.

Calculate the volume, in m®, of gaseous phosphorus(V) oxide produced at a pressure of
101 kPa and a temperature of 500 °C.
The gas constant R = 8.31 J K-! mol-! |
Give your answer to 3 significant figures.

[4 marks]

|
- of 220_ = ‘q’gmole,s +em'p - Soocc or ?53_3 K |

v vy -TQ(-‘- 'ﬂchUi't = lO( OOO(’a,;
PVzaRT __ V:a@T

Ve A< B3l 33 - O 113%m3 ‘
ICi0cE

6 {b) In the second step of the first method, phosphorus(\_/) oxide reacts with water to form
phosphoric(V) acid.

P4010(s} + 6H0() —— 4H3PO4(aq)

Calculate the mass of phosphorus(V) oxide required to produce 3.00 m? of

5.00 mol dm™3 phosphoric(V) acid solution. s 4.3
/ gaaih-cai [3 marks]
C=m 500 %(Bxi066) = [SOCOmotes of ¢
% Halog ;\rﬂeo(
— 7
[SC00 = 33SOmoles Moy =masS  3750= 254

e o
)

gf ] of ¢ 4 Ohro e - lOGSOOO
or {0685 kﬂ :

QTQ

L
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6 {(c) In the second method to produce phosphoric(V) acid, 3.50 kg of Caz{PO4), are added to
an excess of agueous sulfuric acid.
Cag(PO4)a(s) + 3H;804(aq) —— 2H3PO4(aq) + 3CaSOy(s) |
|
1.09 kg of phosphoric{V) acid are produced. |
Calculate the percentage yield of phosphoric(V) acid.
Mcr“:; (o A [4 marks]
3501000 = 356Cq  35CC /. |[I-28moles of |
. oF 12 J Cuglf04)2
(atio 2 ~— - 3103 e09)
fflu-.’m""
“237<2 22 SGMO(QS /256 x 93¢ = 22‘0883
Hap0 or
of H3p0y 2.2 lcq
achust ‘.clll -Hweowhu. )
{u : \, ‘1"- Id
)
0dky . 443 % yield .
=i ——. U
o 2-21 lca
Wﬁcu’
dJ t.‘-d"
6 (d) Explain whether the first method or the second method of production of phosphoric acid

L

has the higher atom economy.

You are not required to do a calculation.
[1 mark]

/“c%at L heause thee was Oﬂ‘ﬁ one ﬂxwvo'l—
onil, heace 106 %k atom tcmom

END OF QUESTIONS
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