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Question 1

11 Name the techniques, which are suitable for separating the following mixture:

Situation Separation Technique

Petrol from crude oil

Pure sugar from a solution

Two immiscible liquids

1.2 The diagram below shows the chromatography paper from an experiment that
has been analysed and four pigments identified. The centre of each pigment is
marked and the colour labelled.

solvent front «w i
it w——m OTANQE Pigment

: - yellow pigment

 w— green-blue pigment

e green-yellow pigment

STArt 1N e il we= green-brown pigment

1.2.1 Find the R¢value for each pigment on the diagram:

Orange
Yellow
Green-Blue
Green-Yellow

[9]
(3)

(4)



1.2.2 The table below shows Reference Rf values:

Pigment Rt Value
Carotene 0.94
Xanthopll 0.89
Chlorophy A 0.46
Chlorophyl B 9.22

Identify the four pigments as best you can using the reference Rf values.



Question 2

Titanium and vanadium are consecutive elements in the first transition metal series.
2.1 Describe the bonding in metals.

2.2 Titanium exists as several isotopes. The mass spectrum of a sample of titanium
gave the following data:

Mass number| % abundance
46 7.98
47 7.32
48 73.99
49 5.46
50 5.25

Calculate the relative atomic mass of titanium to two decimal places.

2.3 State the number of protons, neutrons and electrons in the 55Ti atom.

2.4.1 State the full electron configuration of the 48T'i2* ion.

2.4.2 Suggest why the melting point of vanadium is higher than that of titanium.

2.4.3 Vanadium and titanium can form metal complexes with ligands. Describe, in
terms of the electrons involved, how the bond between a ligand and a central
metal ion is formed.

2.5.1 State the type of bonding in potassium chloride, which melts at 1043 K.

2.5.2 Achloride of titanium, TiCls, melts at 248 K. Suggest why the melting point is so
much lower than that of KCI.

[11]

(1)

(2)
(1)

(1)

(1)
(1)

(1)



Question 3

Hydrogen sulfide, given off by decaying organic matter, is converted to sulfur dioxide
in the atmosphere by the reaction:

3.1

3.2

3.3

34

3.5

2HaS(g) +302(g) —  2S02(g) + 2H,0(/)
How many moles of H,S are required to form 8.20 moles of SO,?
How many grams of O; are required to react with 1.00 mole of H,S?
How many grams of water are produced from 6.82 g H,S?
If 12.0 grams of SO; are formed from 7.98 g of H,S, what is the percent yield?

How many grams of SO; are produced starting from 2.66 g H,S and 3.00 g 0;?
Which reactant is the limiting reagent?

[11]

(2)
(2)
(3)



Question 4 [6]
Calcium carbonate reacts with dilute hydrochloric acid:
CaCO0s(s) + 2HCl(ag) = CaClz(aq) + CO2(g) + H20(l)

A student investigated this reaction by measuring the volume of carbon dioxide released
every minute at constant temperature.

4.1 Draw a diagram of the apparatus that the student could use to investigate this
reaction. (2)

4.2 The graph shows the results of this reaction using three samples of calcium
carbonate of the same mass: large pieces, medium-sized pieces and small pieces.

50
40 y 4 —+rismall
¥ 4
A . medium -
30 4 1T -
volume of v
carbon dioxide 4 » -
femd B é large
0 A
10
0 I
0 50 100 150 200 250 300 350
time/s

4.2.1 Which sample, large, medium or small pieces, gave the fastest initial rate of
reaction? (1)

4.2.2 The experiment was repeated using powdered calcium carbonate of the same
mass. Draw a line on the grid above to show how the volume of carbon dioxide
changes with time for this experiment. (2)

4.2.3 At what time was the reaction just complete when small pieces of calcium
carbonate were used? (1)



Question 5 [9]

5l

5.2

5.3

5.4

The table below shows the boiling points of some hydrogen compounds formed
by Group 6 elements:

H,O H2S H,Se H)Te
Boiling point/K | 373 212 232 271

State the strongest type of intermolecular force in water and in hydrogen
sulphide (H2S). (2)

Draw a diagram to show how two molecules of water are attracted to each other
by the type of intermolecular force you stated in part (5.1). Include partial charges
and all lone pairs of electrons in your diagram. (3)

Explain why the boiling point of water is much higher than the boiling point of
hydrogen sulphide. (1)

When H* ions react with H.0 molecules, H3O* ions are formed. Name the type
of bond formed when H* ions react with H,0 molecules. Explain how this type of
bond is formed in the H3O* ion. (3)




Question 6

Lewis (electron dot) structures are useful models.

6.1 Draw the Lewis (electron dot) structures of PF3 and use the VSEPR theory to
deduce the molecular geometry including bond angles.
6.2 Predict whether the molecules PFs and PFs are polar or non-polar.
6.3 The table below gives the values of the first three ionisation energies of
magnesium:
First ionisation | Second ionisation | Third ionisation
energy energy energy
lonisation energy/kimol? | 738 1451 7733
6.3.1 Write an equation to illustrate the process occurring when the first ionization
energy of magnesium is measured
6.3.2 Explain why the third ionisation energy of magnesium is very much larger than
the second ionisation energy of magnesium.
6.3.3 State and explain the trend in the first ionisation energy of the elements Mg to
Ba in Group Il
6.3.4 Thereis atrend in the reactivity of the Group Il metals with H,0. State the
conditions needed for Mg and Ca to react rapidly with H,0. Write an equation for
each of these reactions.
6.3.5 Explain why Aluminium do not fit the expected trends of first ionisation energies

of period 3.

[17]

(3)
(1)

(2)

(3)

(4)

(3)



Question 7 [9]

7.1 Draw a graph to show a Maxwell-Boltzmann distribution of molecular energies
for a gas. Label the axes. On the same axes draw a second curve to show the
distribution for the gas at a higher temperature. Label this second curve W. (5)
7.2 A reaction of nitrogen monoxide is shown below:
2NO(g) + O2(g) - 2NO2(g)
The rate of reaction can be found by measuring the concentration of NO; at
different times. Define the term rate of reaction. Draw a graph to show how the
concentration of NO; changes with time. Indicate how the initial rate of reaction
could be obtained from your graph. (4)
Question 8 [10]
8.1 Define the term standard enthalpy change of formation, AH%. (1)
8.2 Define the term average bond enthalpy. (1)
8.3 Consider the following equations:
3A + 6B - 3D AH =-403 kJ/mol
E +2F > A AH=-105.2 kJ/mol
C > E+ 3D AH = +64.8 kl/mol
Suppose the first equation is reversed and multiplied by 1/6, the second and third
equations are divided by 2, and the three adjusted equations are added. What is
the net reaction and what is the overall heat of this reaction? (4)
8.4 Calculate AH for the reaction: C2Ha (g) + Hz2 (g8) = CzHe (g), from the following

data:

CaHa (g) + 302 (g) > 2C02(g) + 2H,0 (1) AH = -1411. kJ
CaHs (g) + 3% 02 (g) > 2 COz (g) + 3H20 (I) AH = -1560. kJ
Hz (g) + % Oz (g) - H20 (I) AH = -285.8 kJ (4)



Question 9

9.1 Describe how aluminium is manufactured from purified bauxite. Illustrate your

answer by writing equations.
9.2 Reducing agents are used in the extraction of metals.
9.2.1 Interms of electrons, state the function of a reducing agent.
9.2.2 Identify a reducing agent used in the extraction of iron. Write an

equation for the redox reaction in which iron is formed from iron (lll)
oxide using this reducing agent.

[12]

(5)

(1)

(2)

9.2.3 Theiron formed in the blast furnace is impure. It contains about 5% of carbon and

other impurities, such as silicon and phosphorus. Describe how the percentage
of carbon is reduced and the other impurities are removed.

Question 10

Tin (Il) ions can be oxidised to tin (IV) ions by acidified potassium permanganate (VII)
solutions according to the following unbalanced equation:

Sn?*+ MnO*+ H* = Sn**+ Mn?* H,0
10.1 Identify the oxidising agent and the reducing agent from the equation above.
10.2 Balance the equation above.
10.3 Consider the following redox equation:

5Fe?* (agr+ MNO'4(aq) + 8H'(ag) + > 5Fe? (aq) + MN>* (aq) + 4H20 )

Determine the oxidation numbers for Mn in the reactants.

THE END

(4)

[6]

(2)
(3)

(1)



(0]

AHISTING G [EgsM s0) SR AHLSTINGTHOS $ (RaxAg 20 = MY
£01 0L LoL 00k 66 86 16 96 - 56 o ¥6 o a £6 » 26 16 06
AT |ON |PIN jWwd | S3 | JJ | 4g (W Wy :nd 0N £ N | Bd | UL
©92) {gs2! (862} 1252} f2az4 g (52jer is2fer e [274] (38 [Ceed] L (3 620002 {br i 0022
23 0L 69 89 19 > 99 <9 ¥ (4] 19 09 69 85
N LA |wr| 43| of | Ag'| aL’| po|n3 | ws | wd’| PN’ 4d"| 99
a4 L6k {20 g2 fe- ¥e6 991 fer sam | 005 451 { g osesL{e Szt [er STt .. a5161 {20 03 fer [ 2220 2060 [€ 207
QAOQE pUER 2/ SIUBWOLD Jo}
‘O¥dNi Aq seweu [eia jo (eaoidde ay) jpun pasn aq |im (-g-2) jo @oussesd ay) sajouaq..
60} 2A0QE SIOGUNU JWOIR JO SIUBWS(D 10} SIOQUIAS pue seuleu dpewe)sAs eyl.
6g1-Ce8l-| 2861281+ 1-BBL-ZCAL
biL 48 LLL 601 201 0L 0L S0l P01 68 98 8
bn) gnui|nnpjunn | YA | SH | ud | BS | qq | #d |9V ey | 4 |-
(621 L {212} tea2 (£32) (532 132} 109z 1232} O32fsr Wz fa sweziir e
epl-zegy]  Lebzent-]  oanzesi|  sekeesil  val2esl  eatzosl] 2 a_.nn.ﬁ Lebzeglel  b4i2esl|  ZGLeesl|  Trl-zeBi] TSRl Z202eRtel  TaL8le 2002E8l. 0 Z681RL19) T-8-BLeleZ] 1-8-8L-8192
58 8 €8 28 I8 a 6L 8L 9L SL 174 €L 2L L5 9 SS
ug’| W [O0d | g |.ad | IL | BH Ny | 3d |4 |.SO -8 | M | BL | H | eT1|ed | sy
0 {$224] {012 §2 {eozt jo* 86800121 T4 —. mmm.v\ €5 002 _. 296381 | 2T 33661 C* 22261 |8 2061 Kt 202381 |9 SEEEL S Sre03tir a-dt—m- B bad SCLEL] T SO L
[ SS B AC S 4 IR TRCTRCR B2 TR T R4 B BT 4 (R TS 24 333 N 1-81-91-8:2 cI:.w 2| 1-oL-gi 2 1Sigige  LFEBIRYl  LEIg182] LBl 201-BI9 268197 XS 2 186182
i €8 4] K 0s 6V m 44 £F (44 34 ov 68 18 s
mx ¢ ] oL kus US| ul'| py | By | pd| Y | ny |- 9L | ON AN 1z A|4S | oY
6Zistji~ 5069242 oo 2zt fe- crizifer Leifer PERat C a1 322 Zreorfer 236204 Je+ 2001 fot (o 656/ 306 26{1+ [l G0t eafze =201 1 9437'58|
+812-C] 4-81-8-g) 98182 5818 2182 £+ E.a m 24182 L8182 291 w 2| 6182 g e8¢ €182 ey eoLg-2 58 o8 18504
9€ 1 ¥t 11 2€ 0e 62 12 92 s G2 L4 s €2 r44 12 02 6L
M -9 |9 | SY |89 | 9| uz | ng ?z n.oo 94 FUN ) A 1L IS (B ) |
0 oeefi- $0662[2- senzfe- 9z rfr- 6520t~ 2oz [ s ee 2 & 200695 |2 Lss|e 0805 152" %5 15] 2 §1r6 35[0 edarfe: [ kad 24 ao7fit £H0EE
28 482 98| 582 (230 £ 21 LL ol 6 ] A 9 ] v £ «‘w N 192
8L L 9l 18 13 €l (33
- dnoun
WV ERD S £d IS ]IV ms_ BN |
0 ErEEs i Pridd bl NS QLE267C] ¢ ssesgiger L2637 non—.u it 2265622
2] 2 22T 52 2 K| 2
0l 6 8 [ L 9 ] v €
m z L c w, z " u m *8d0]0S] UOWIWIOY 1O BIGES V-0 | = uopeinbyuon uoyss3 w m _ l— a
o [ e e ree6sH| &= 500 |\~ 1oL LS SO ayj Jo s1equinu ssew aJe 2 51210610 168
8l LL oL st vl €l sesayualed U s1equINy SSEl :aioN 9 [ - soqumy spicry Z L
dnoin 000°2 = Dy U0 ” dnoun
= paseq aJe Sasseuws Jwole aAjejay 2+ ~—— |oquiAS .
m I y SIVIS UONICPIXO POIORISS —a- | p— LLOQ)| = SseW dwoly —.— — L
1 09205 A3 V 62001
8L L ]
S
sjusawia|g ayj Jo ajqel d1poliad 2
- L] —J




