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QUESTION 11: Answer any two of the parts (a), (b) and (c).

(a) (i) wnAT:  perfectly obeys the gas laws (Boyle’s law, kinetic theory, PV =nRT) under
all conditions of temperature and pressure

intermolecular forces (attractions between molecules, named correct inter-
molecular force) / molecules have volume (molecules take up space, volume
of molecules not negligible) / collisions not perfectly elastic ANY ONE:

(1i1) mores:  0.03 mol

PV =nRT

1x10°x720x10° = nx8.3x283 (2x3)| 1x10°x720 = 1x10°(or 1.013x 10 x V,
283 273

n = 0.03 3) V, = 68510695 2x3)
+ 22400 = 0.03 (3)

[Marks in context of correct operations. Not given correct to one significant figure (—1)]

(iv) MoLECULEs: 1.8 x 107 003x6x10% = 18x102 (3)
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(1i1) MOLES:

2014 Higher Lev...

0.03 mol

2010 higher lev..

R

2009 higher lev..

2007 Higher Lev...

—

2006 Higher lev... x

PV =nRT
1x10°x720x10™°

n

nx83x283 (2x3)

0.03 3)

PxV, =
T
1x10°x 720

PxV,

T,
= 1x10°(or 1L.O13x 109)xV,

283

v, =
+ 22400 =

273
685 to 695 @2x3)
0.03 3)

[Marks in context of correct operations. Not given correct to one significant figure (—1)]

(iv) MoLECULEs: 1.8 x 102

(V) Mass:

(b) STATE:

222¢

0.03x6x 102 =

8x102 (3)

0.03 mol CO, = 0.03 mol Ca(OH), (3)**
[* Addition must be shown for error to be treated as a slip.]

0.03x 74% =

222 (3)

** Can be given for 1 . 1 ratio or for 0.03 mol Ca(OH),

reactions at equilibrium 1/

oppose (minimise, relieve) applied stress(es)*

[*If the word stress(es) is replaced by particular examples (e.g. pressure), all three
(temperature, pressure & concentration) must be given.]
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(b) (i) DEFINE: has as many (same number of) particles* as 12 g (0.012 kg) of carbon-12 /
contains the Avogadro number (Avogadro constant, L, 6 x 1023) of particles* /
the relative formula mass (molecular mass) in grams (g) 7

LIS

[Accept “atoms™, “ions” or “molecules” in place of “particles”]

(i1) STATE: equal (same) volumes of gases contain equal (same) numbers of molecules
(particles, moles) 3)
under same conditions of temperature and pressure (Do not accept "at s.t.p.") 3)

[Allow 3 marks for “one mole of a gas at s.t.p. occupies 22.4 litres”’]

(iii) HOW MANY: 2.4x10%-2.5x10* atoms (12)

10 % (v/v) = 10 em’ per 100 em’ / 10 litres per 100 litres

=> volume of helium = 1 litre
= !ymol /0.0416  mol

6x 10% = 2.4x10%2-2.5x10% atoms

1852
M|

G
21/09/2016
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(C) STATE: equal (same) volumes of gases contain equal (same) numbers of molecules (particles, moles) (3)
under same conditions of temperature and pressure 2)

[Allow ‘I mole of a gas occupies 22.4 1 at stp for 3 marks only’]

(1) perfectly obeys the gas laws (Boyle’s law, the kinetic theory, PV = nRT) 3)
under all conditions of temperature and pressure 2)

(11) polar / intermolecular forces (attractions between molecules, named intermolecular force) /
molecules have volume (volume of molecules not negligible) / collisions not
perfectly elastic ANY ONE: (3)

(i) 0.12 litres (12)

PV=nRT => V= nRL T =20+273 = 293K
P P = 101x 1000 = 1.01x 10° Pa

0.29 = 0.005 mol 3)
58

0.005 x 83 x 293 (3 0.00012m° (3)
1.01x10°

0.12 litres 3)

1851
M|

G
21/09/2016
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()  caLcuLaTE: 0.005 (5 x 107) moles 6)

1.85 x 10° X 6.50 X 10~

1.85 x 105 X 6.50 x 105 =711 x8.3 x 293 /1N =
8.3 x 293

=0.005 (5% 107)

PV PV, * 1.85Xx10°Xx 650X 107°  1.01 X 10° X V, 3
2o 22 s e e T2 p,=111x1070m (3)
Ty T, 293 273

1.11x107%

eyt 0.005 (5 x 107 [*Using standard T & P and molar volume at s.t.p.]

3)

PV =PyVy#%=>185x 10°x 6.50 x 10°=1.01 x 10°x V,=> V> = 1.19 x 10~* m° 3)

1.19x 107%

Tl 0.005 (5 x 10 [**Using room T & P and molar volume at room temperature.]

3)

[1 mark deducted if the answer is not correct to one significant figure.]

1845
M|

21/09/2016
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(b) (i) HOW MANY: 0.05 mol (6)
M, =252 (3 120 0.05 mol (3
=282(3)  ~= = 0.05mol ()
(i) MASS: 7.6¢g (6)

0.05mol — 0.05mol (3) 0.05 x 152 = 7.6g (3)

(ifi) VOLUME: 1.121/1120 em®/ 112 X 107 m® 6)

0.05 mol — 0.05 mol 3)
0.05x 22.4 = 1121/ 0.05 x 22,400 = 1,120 cm’®  (3)

(i) NUMBER: 1.2 x 107 4)

0.05mol — 0.2mol (2) 02x 6x 10% = 1.2 x 10® (2)

HOWMANY: 3.6 X 102 3)

3x12 x 10% = 3.6 x 10% 3)

ENG 1846
21/09/2016 t
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(e)  STATE: The volumes, measured at the same temperature and pressure, of reacting
(combining) gases and their gaseous products //
are in (related by) small (simple) whole number ratios 2x3)

(f)  DEFINE: Minimum energy of / energy required for //
collision of reacting particles for reaction to occur / to initiate reaction / for
effective collision to occur 2x3)

(g) DISTING.: Sigma involves end-on overlap of orbitals //
Pi involves side-on (sideways)overlap of p (d or f)-orbitals 2x3)
[Marks may be obtained from diagrams.]

(h)  WHAT: A gas that obeys the gas laws (Boyle’s law, kinetic theory, PV =nRT)//
at all values of temperature and pressure / all conditions / perfectly (2x3)
[Allow “A gas that obeys the assumptions of the kinetic theory” for 6 mark]

(1)  WHAT: Biological (biochemical, by micro-org., by bacteria, by activated sludge) //
oxidation (decomposition, digestion) of sewage (carbon containing material)(2 x 3)

O O (0] v
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QUESTION 10

(a) STATE: equal (same) volumes of gases contain equal (same) numbers of
molecules (particles, moles) 4)
under same conditions* / at same temperature and pressure 3)

[Allow (3) for ‘the molar volume at s.t.p. is 22.4 litres’. ]
[*Do not accept ‘under all conditions’ or ‘at s.t.p.’ or ‘at constant temp & pressure’]

GIVE: gases made up of particles (molecules, atoms) in rapid, random, straight-line motion //
volume of particles (molecules, atoms) zero (negligible) / molecules (particles, atoms)
take up no (negligible) space // no forces of attraction or repulsion between molecules
(particles, atoms) // collisions between molecules perfectly elastic (involve no energy
loss) // average kinetic energy of molecules proportional to kelvin temperature
ANY TWO: (2 X 3)

DEVIATE: have intermolecular forces {attractions between particles (molecules, atoms, named
correct intermolecular force) / molecules (particles, atoms) have volume (take up
space, volume not negligible) // collisions not perfectly elastic ANY TWO: (2 X 3)
HOW: 1.5 mol 6)

1.8x10* = 2 = 9x10% molecules (3) = 6x10® = I.5moles (3)
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(b)(1)  STATE: equal (same) volumes of gases contain equal (same) numbers of molecules
(particles, moles) 4
under same conditions* of temperature and pressure 3)
[* Do not accept “under all conditions”.] [Do not accept “at s.t.p.”]
[Allow (3) for “the molar volume at s.t.p. is 22.4 litres.]

(i) WHAT 1.069-1.10m’ [Accept 1.1 but not greater] 9)

2000 + 44* = 45.4/45.5 mol
[*addition must be shown for error to be treated as slip.]

= nRT = 45.4/45.5x8.3 x290 [or other correct
P 1.01 x 10° form]

1.069 —1.10

2000 + 44* = 454/45.5mol x22.4=1017/1019 litres
[*addition must be shown for error to be treated as slip.]

1.01325/1.013/1.01/1.0 x 10° x 1017/1019 x 290
1.01x10°x 273
[or other correct form]

1069 — 1100 litres (1.069 — 1.10 m®)
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V. = 1.U1325/1.013/1.01/1.0 X 1U= X 1UL//1U1Y X 290 (3) ~

1.01x10°x 273
[or other correct form]
= 1069 — 1100 litres (1.069 — 1.10 m®) 3)

WHAT: 0.182kg/182 g  [or answers rounding off to these figures] (6)

454/455 x 4 (3) = 182g/0.182kg (3)

(iii) GIVE: stronger intermolecular (London dispersion, Van der Waals’, dipole-dipole)
forces (attractions) / higher mass / bigger molecules / polarity of C to O bond /
has more electrons 3)
[To allow opposite points Helium must be mentioned.]

Marking Scheme ATAL Chemistry 2007 Page 13 of 16

Question 10 continued.

(©)(1) HOW: it decreases

0
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