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(c)

E. too high or reaction too slow
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@ 9.45%1074 1 Mark is for insertion of
22X0 numbers.

(0.76)(1.22) If upside down, score

only units mark

consequential on their

expression for k

8.35 x10°* t08.4 x10*

mor?dm®s™ ; 1 Any order

[6) 47x10° to 48x10%, |1 Tgnore unfs,

Conseq on their k
muliplied by ((0.76 x 2)
x (V2 x1.22))

ie. k x 0.5656
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@

X "2
Ka = % allow even if followed by [[H;]
Allow HX for HA

12
Butnot M1 aione,
HX]

although this can score
for part (i) if not gained
there.

Penalise () rather than [
Jonce in the question.

I Ka expression wrong
score max 1 for correct
[H']

(i)

A7 = 33(1)x107;
_ o [331x10~*
FX] [0.15]

K,

= 7.3(1)x107 or 7.3(0)x107;

Tgnore units.

I [H']is wrong (apart
from obvious AE) o
missing and the final
answer is wrong, they
can gain the second
mark for either [H//[HA]
or using their numbers,
but not the third mark
ie. they can get 1 out of
three for section i)
Ignore units.

Use of 3.3 x10* gives
7.26 x107
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(b)

M1 Either [Y7]= 0.06 mol dm™ (from 2 x 0.03);

OR

Moles HY =0.125  (from 500 x 10° x 0.250);

4-
M - Kax Y] @65x107)025)

¥ 0.06
OR
pH=pKa — log [[ZI:]] or pH=pKa + log
M3 = 1.1(0) x10%;
OR
pKa= 358
M4 2.96;

[sald]

acid]

If factor of two not used
(or used wrongly except
AE) then lose M1 and
the next mark gained

(ie. max 2)
This gives M3 = 2.21
X107, M4 = 2.66

If wrong method (e.g
addition or subtraction of
moles or use of square
root) score M1 only
Penalise () rather than [
Jonce in the question.
If[HY}[Y"] upside down
in H* expression, lose
M2 and M3, can score
M4 for pH = 4.20

Penalise pH to <2dp>
once in the paper.
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(a) Sodium oxide

Equation .

pH of solution formed .

Sulphur dioxide
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White precipitate formed

3AgNO; + AICI, — 3AgCI + AI(NOs);
(or Ag” + CF — AgCl)

A(aq) reacts with NH;(aq) forming a white precipiate

hence cannot see if AgCl precipitate has dissolved
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() [ [White or steamy fumes

(@) [2NaCl + H;SO; — Na;SO; + 2HCI

OR

NaCl _+ H,S0, - NaHSO, + HCI

Tii) | A proton donor (or an acid)
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(@) [Fe(Hx0)el" is a Bronsted-Lowry acid

Donated protons
NB  mark separately






image13.png
®

(if)

K= [{ Fe(:0)s(OM} JHY [{Fe®:0)}™] MBI ]

essential )
pH=—log[H"] or (H'] = 3.02x 107

Heace [H'] = [{ Fe(E:0)s(0H)} "]
K =[HT/ [{Fe@0)}] (= 3.02 x10%%0.15)
K.= 6.08x10°  (dllow6.0t0 6.1 X 107)

pKy= 222 (3 significant figures needed but ignore units)
NB  allow value of pK, consequentially to value of K,
allow pK, = - logKa (1) if stated but no value of pKacalculated

Mark consequentially to the value of Ksobtained in (3)(3)
New [{Fe(H0)}] = 02504 (=0.0625)
K,= 608 x10™ = [H']/0.0625

wr1= V608 x10° x 00625) <V 380 % 10%)
pH = —10g 0.01949 = 1.71
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NB

@

()

(iii)

Using the given value of Ko=4.50 X10™ and 0.0625
[H'] = 0.0168 and pH = 1.78 (Scores the full 3 marks)

Penalise two marks if [{Fe(H20)}’"] = 0.250/n where n# 4
Allow [H'] = \f(a.oxxur" X 0.250m) (1)

Using Ko = 4.50 X 10° and 0.0833
pH = 1.71 BEWARE of this answer it scores only I mark
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(c) Fe* ion has a smaller charge to size ratio or charge density
Less polarising than Fe* / less weakening effect on O - H bonds or
Hydrolysis equilibrium displace more to the left
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(@) Allows mawee vt pandlive coutradsciions

e s LY
so(m-‘ o Shape

Mok use Use :
shwotely | Vekews  0R Teleds stesd er in

Loes wuiver Kok (_)
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Structure; 2 correct co-ordination

T 0
o ‘.'o\f-/d bonding through six
t correct oxygen
0*%’ L\,o (Score 20 0)
S0

NB Not essential 1o show double bonds Le. C=0 in structure

Explanation;

Substitution produces more molecules or particles or more disorder
Entropy change is positive

M

M

(1)
m
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Cl —2C1*

RCH; + CI* > RCH,® + HCl
RCH,® +Cl, - RCH,Cl + C1°®
(Ignore termination steps and any arrows)
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(®)

(if) Precipitate M dissolved when an excess of concentrated aqueous ammonia was
added. ‘The solution formed was pale brown due to the presence of the cobalt-
containing species P. Identify P.

Ceolnug)1™
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Moles MnO; = mv/1000 = 20.8 x 0.0210x 10™ = 4.368 x 107
Equation or ratio 5Fe? : MO,
Moles Fe™ in 25 cm® = 5 x 4.368 x 10* =2.184 x 10°

Moles Fe?* in 250 cm? 2.184x10°x 10

2184x 107

Mass Fe* = mole Fe? x A, =2.184 x 10x558= 1229

1

1

NB If M, of FeSO; used then last
two marks lost

[

Percentage, by mass, of iron in sample = 1.22 x 100/1.35
=90.3 (to 90.7)
[Fe + H;SO, > FeSO, + H,
PV =mRT
v nRT/P = 2184 x 107 x 8.31 X 298/101000

= 635x10* m®
535 cm®

7

1
1
1

NB Using 1.82 X102 mol Fe gives
446 cm?
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@

CH;CH,COCl + H,0 — CH;CH,COOH + HCl
allow molecular formulae GH:OCI + H;0 — CiHiO; + HCl
Penalise CH;COCl once in the question

(mucleophilic) addition-elimination

M _
Co
v
CH;CHZ—C< —— CHCH— M3 for structure
M1 c T M4 for 3 arrows.
. bl and lone pair
HQ u
H

‘Allow M1 only for attack of water on acylium ion but not M2 separately

(&)

m

[©)
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®
+ CH;CH,COCI

o
allow CgHs + CH;OCl —= CgHypO + HCl
AICL  allow AlBr; FeCls FeBry
+ _
CH;CH)COCI + AICl, —» CH;CH,CO + AICY,

Tgnore arrows except if from Al

Be lenient on position of + in equation

AlCL + H - AICh

+ HCl

O—s-enen - xa

equ(l)

(&)

(&)
(&)

[6)]
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electrophilic substitution

o o
. "
c—crycH;

1 S cocH;CHs
°
e

M1 arrow from within hexagon to C or to +on C

+ must be on C of RCO in mechanism

[}

horseshoe must not extend beyond C2 to C6
but can be smaller

“+ not too close to C1
M3 arrow into hexagon unless Kekule

allow M3 arrow independent of M2
structure

3)
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AH = XAH(formation products) - EAH(formation reactants)
(or cycle with state symbols or numbers or labels and number of moles correct)

=3x111-(-1669) (mark is for either these numbers or the above formula
orcycle)

=+1336  (-1336 scores zero, ignore wrong units)

AS = 3S{(products) - 5S(reactants)

=2x28 +3x198 (51 + 3x6) (mark is for either these numbers or the above
formula)

=+581_(ignore wrong units)

AG=AH-TAS

= 1336 - (298x561)/1000

=1163 (allow 1160 — 1170) (allow conseq but if 1000 omitted CE)

(allow no units, penalise wrong units)

(if answer is 1163000 with no units award 3 marks)

AGis positive (or free energy (G) increases) (mark independently)

W]
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WhenAG=0 OR T=AHAS

= (1336x1000)/581 = 2299 K (allow 2300)

(given data produces same answer)

(allow consequentially, Units of T must be present and correct)
(negative value for T loses second mark)





