UNIT 5 AP2 MARK SCHEME
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3(d)

buffer minimises pH changes v
DO NOT ALLOW pH is constant

HA discussion is OK here

CeH:COOH reacts with added alkali

1 CaHsCOOH + OH™ — H,0 + CiH:COO™ /
added alkali reacts with HY/H* + OH" — H,0 v

— CsH:COOTCsHsCOOHT  H* + CsH:COO" —» right (counteracts
change)v’

CeHsCOO" reacts with added acid or H* v/

— GeHsCOOH/ CsHsCOOH T H* + CsHsCOO™ — left (counteracts.
change) v’

L [cH.coom
* " [C,A,c00" 17
0%, 0.105 105

H]

= 6.30x1 OR 5292x10% v

pH =—log (5.292x mr5) 4.28 v (calculator: 4.276380164)
ALLOW4.3

OR ALTERNATIVE APPROACH USING H.H. EQUATION
pK,=—og630x10°=420v

EXPL

CALC
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4@

0.1 moldm™ v

4(a)(ii)

Tinal pH (approximately) 11/equivalence poit <7 ¥

ALLOW correct reference to shape of curve:
ie No vertical part after 7/starts to curve at 7

()i

NH,NO; v/
ALLOW N;H.05

4(a)(iv)

resazurin v’

4(a)v)

sharp rise after addition of 12.5 crihalf the volume of NF; ¥
final pH higher v

For ‘sharp rise’, ALLOW neutralisation/equivalence/end point

4(b)(i)

Mg + 2HNO; — Mg(NOs); + H v
Mg + 2H —s Mg® + H, v

IGNORE state symbols

DO NOT ALLOW 2NO;" added to both sides of ionic equation

4(b)(i)

With dilute HNOy. _H (reduced) from +110 0 ¥/
With conc. HNOy: N (reduced) from +5 to +4 v
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buffer minimises OR resists pH changes v

HOCH,COOH = HOCH,COO™ +H' v’

For explanation below, accept HA and A OR other weak acid
‘added alkali reacts with H' / H' + OH™ — H,0 v
> HOCH,COO" / Equil -» right (to counteract change) v

HOCH,COO reacts with added acid or H v
> HOCH,COOH / Equil —» left (to counteract change) v

[H]=10"=1044=398x10° v

[HOCH,COOH] _ 1]
[HOCH,CO0®] ~ K,
s
oR HOCHCOO*) K,
[HOCH,COOH]  [H']

-
IHOCH,CO0H)_398x10% o5 57
[HOCH,COO®] ~ 1.48x10°
OR

[HOCH,COO®] _ 1.48x10%

_148x10°% v
[HOCH,COOH]  3.98 x10% OR37

QWC: Buffer explanation includes discussion of equilibrium shift v
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afi)

(Enthalpy change of) formation (of barium
oxide)v’

(Enthalpy change of) atomisation (of barium) v*
First ionisation energy (of barium) v’

E) Ba”(g) and 07(q) ¥ State symbols
essential
Latiice enthalpy = —180 — 503 — 965 — 248 —

bi) 650 — 554 v
=-3,100 (kJ mol") v*

B Lattice enthalpy of BaO is less exothermic than Not bigger or
that of MgO / lattice enthalpy is smaller in smaller lattice
magnitude / ORA enthalpy
Mg?* (has a) smaller (ionic radius) than Ba>* /

MgZ" has a higher charge density than Correct

Ba®"/ORAY particles must
be used e.g.
not Mg has a
smaller radius

So stronger attraction between the positive and

negative ion / ORA v ALLOW so has
stronger ionic
bonds

c High melting point / (very) large lattice enthalpy

1AW v
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Unless otherwise stated, marks are for correctly
calculated values.
Working shows how values have been derived.

AS = 5S(products) - S(reactants) /
=(2x192)- (191 + 3x131) ¥
200 (J K- mol-') OR ~0.200 (kJ K" mol) v

Use of 298 K (could be within AG expression below) v

AG=AH-TAS
OR

AG=-92 — (298 x~0.200)
OR

AG=-92000 — (298 x ~200) v

= —32.4 kJ mof' OR-32400 J mof v/
(Units must be shown)

For feasibility, AG <0 OR AG is negative v

ANNOTATIONS MUST BE USED

See Appendix 1 for extra guidance for marking Se(i) and 5e(ii)

NO UNITS required at this stage
IGNORE units

ALLOW —32.4 kJ OR -32400 J (Units must be shown)
Award all 5 marks above for correct answer with no working

IF 25 °C has been used instead of 298 K, correctly calculated
AG values are = —87 kJ mol"' OR —87000 J mol”

4 marks are still available up to this point and maximum
possible from (e)(i) is 5 marks
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As the temperature increases, 2 | ALLOW TAS > AH (1.e. assume no sign at this stage)

TAS becomes more negative ALLOW ‘entropy term’ s altemative for TAS
OR TAS becomes more negative than AH ALLOW ~TAS becomes more positive
OR TAS becomes more significant v ALLOW -TAS decreases

Eventually AH— TAS becomes positive v~ ALLOW AG becomes positive OR AG > 0
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Activation energy is too high 1 | ALLOW ncreases the rate OR more molecules exceed
OR reaction too slow activation energy OR more successful collisions
ALLOW rate constant increases
IGNORE comments on vield
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2(a)(i)

OH™
When [OHT increases by 2.5, rate increases by 2.5 v/,
S0 order = 1 (with respect to OH) ¥

cio;
When [CIO,] increases by 3, rate increases by 9132,
S0 order = 2 (with respect to CIOz) v/

For both OH- and CIO;, explanation and order to be marked
independently

2@ rate = KOH ] [CIOT
ALLOW r= KOHT [CIO;F
ALLOW ECF from (a)(i)
rate = is essential
@)

e op  6.00x10%
[OH][CIO,F 0.0300 x 0.0100*

v

=200

200 without working scores the first 2 marks

ALLOW ECF from an incorrectly rearranged equation

units: dm® mol? s~ v

ALLOW ECF from rate equation (a)(ii) but the units must be derived
from the rate equation
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2(a)(i)

Time for half a reactant to react v

2@ Evidence from graph, either drawn or stated with 2 half-ives v
Half-life 52+ 2 s (50-54)

2@ | Noefiect v

2(b)(i) Rate = IN.O(g)] ¥/

ZBI@) | Evidence of tangent on graph al 705 V.
rate = 0.00524 v mol dm 5" (dependent on tangent)
(ALLOW 0.0005 i.e. values in range 0.0047-0.0058 mol dr® s~')
ALLOW ECF on tangent drawn

2B k=00131 v 5+ (from 0.00524/0.4)
ALLOW 2 significant figures up to calculator value
ALLOW answer to (ii) / conc. used in get answer in (ii)

%) Rate determining step OR rafe equation has 1 molecule of N0 ¥

(overall) equation shows 2 mol N;O reacting ¥
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1@ ),
©HP
BN |[HE0287
Hy: 041 v
(o) Use of K, = % to generate a calculated value v

=0.15 v (2 significant figures) (calc. value: 0.154336735)
no units v
There must be some response here, not left blank.

1f [HI] = 0.39 mol dm™ (common mistake),
K. =0.07955292571 (calc value) = 0.080 to 2 sig figs
Do NOT accept 0.08 mol dm™ (1 significant figure)

© K. doesn't change
Composition stays the same OR equilibrium does not move
(@) K. increases

(forward) reaction is endothermic OR reverse reaction is exothermic v





image4.png
(Ko=) INAE
] HI

Must be square brackets

dm? moF? v

ALLOW mol ™~ dn
ALLOW ECF from incorrect K. expression

Unless otherwise stated, marks are for correctly
calculated values. Working shows how values have
been derived.

_12 o
INJ= &5 OR 12 (moldm)

AND [H] = % OR 2.0 (mol dm) v

INH5] = (K, xIN;I < [H,])
(800107 x12x20%) v

=0.876 OR 0.88 (mol dm™) v

amount NH; = 0.876 x 6 = 5.26 OR 5.3 (mol) ¥

ANNGTATIONS MUST BE USED
For all parts, ALLOW numerical answers from 2 significant
figures up to the calculator value

1st mark is for realising that concentrations need to be
calculated.

Correct numerical answer with no working would score all
previous calculation marks

ALLOW calculator value: 0.876356092 down to 0.88, correctly
rounded

ALLOW calculator value down to 5.3, correctly rounded
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Equilibrium shifts to right
OR Equilibrium towards ammonia v

Right hand side has fewer number of (gaseous) moles v

ALLOW ‘moves right’ OR ‘goes right’ OR "favours right'
OR ‘goes forwards’

ALLOW ‘ammonia side’ has fewer moles
ALLOW *there are more (gaseous) moles on left

K. does not change

Increased pressure increases concentration terms on
bottom of K. expression more than the top

OR

system is now no longer in equilibrium v

top of K, expression increases and bottom decreases
until K, is reached v

ANNOTATIONS MUST BE USED
Any response in terms of K. changing scores ZERO for Part (ii)
ALLOW K. is temperature dependent only OR K. does not
change with pressure

ALLow _INF o jonger equal to K.
IN] [H]
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3(a)

CeHsCOOH I H' +CeHsCOO™ v

Accept CsH:COOH + H,0 1 H;0" + CeH:COO™ v/

Accept molecular formulae, ie CsH:COOH T H + CsHsCOO™
Equilibrium sign essential

30 ; s
(b) K [HICH,COOT]
[C,H,COOH]
3(e) 340

concentration = 371 ¥ =0.0279 (mol dm)

Accept 0.028 up to calculator value of 0.027868852(46)
(first mark for M, of benzoic acid — incorrect answer here will give ecf
for remainder of question)

1] = (K, <[C;H.COOH]) OR |[(6.30x 10 00279 )

=1.33%10° (mol dnv) v/
pH=-log[H] = -log1.33x10° = 2.89 v’

answer = 2.8 if no rounding

DO NOT ALLOW 2.9 unless more d.p. shown elsewhere
pH must be greater than 1 and less than 7

1f no square root, pH = 5.76 4 marks
If g dm used instead on mol dm™, pH=183-184 3 marks
Watch out for evidence of correct I, as there may be another mark





