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& Cadmium lons form complexes with primary amines and with 1, 2-dfaminoetharns.

Co*(aq) + 4CHNH,(ag) == [CA{CHNH,),"(aq) Kop=38x 100 equilibum |
Cd*(aq) + 2H,NCH,CHNH,{aq) == [CA{H,NCH,CHNH,}1*(aq) Ky =42x10° equilibrium II

{ad (i) Write an expression for the stability constant, K., for equilibrium |, and state its units,
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Cadmium lons are poiscnous and need to be removed from seme water supplies. This is often
dane by adding a complexing agent.

(i} Inasample of ground water the concantration of Cd®{aq) iz 1.00 = 10~4moldm.

Calculate the concentration of CH,NH,(ag) needed fo reduce the concentration of Cd*{aq)
in this dilute solution by a factor of one thousand., s w00 —F Ix |1p=F
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(a)(i) K., = [CA(CH,NH,), 2]
[Cd*] [CH,NH,*
units: mol* dm™
[2]
(a)lii) Cd** + 4CH,NH, =[Cd(CH,NH )4]*
at start: 1 x 17 0
ategm: 1x 107 vy 1x10*-1x 107
or 9.99 x 10° or 1.0 x 10
9.99 x 10°% (y* x 107)= 3.6 x 10°
andy = 4+/(9.99 x 10 / (1 x 107 x 3.6 x 10% = 0.129 / 0.13
[2]
(b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
breaking (6 x) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking
(1]
(b)(ii) AS = (AH - AG) /T = (60.7 - 56.5) x 1000 /298 = (+)14/ (+)14.1
(1]
(b)(iii) | fewer moles (of solutes) are forming (one mole of) the
complex (so less loss of disorder)
or one en displaces two H,0 whereas one CH,NH, only
displaces one H,0
[1]
(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more

stable) because:

. . 6 . .
either K__ is greater or AG® is more negative.

[1]
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EXAMINER MARK

SCHEME

COMMENTS




{b) Values for AH® and AG* for equilibria | and II, and the value of 45* for equilibrium 1, are given
in the table balow: All values-are at'a temperature of 2881,

AG* [k mok!

equilibrium | AH® /kJmol AS* 1JK-"mot*
1 573 -37.4 | -ess
I Y -60.7 o be calculated

(i} Suggesta reascnwhy the AH* values for the two equilibria-are very similar,
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{iii) Suggesta reasonfor the difference between the AS* you have calculated for equilibrium I

and that for equilibrium | given-in the table.
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(a)(i) K., = [CA(CH,NH,), 2]
[Cd*] [CH,NH,*
units: mol* dm™
[2]
(a)lii) Cd** + 4CH,NH, =[Cd(CH,NH )4]*
at start: 1 x 17 0
ategm: 1x 107 vy 1x10*-1x 107
or 9.99 x 10° or 1.0 x 10
9.99 x 10°% (y* x 107)= 3.6 x 10°
andy = 4+/(9.99 x 10 / (1 x 107 x 3.6 x 10% = 0.129 / 0.13
[2]
(b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
breaking (6 x) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking
(1]
(b)(ii) AS = (AH - AG) /T = (60.7 - 56.5) x 1000 /298 = (+)14/ (+)14.1
(1]
(b)(iii) | fewer moles (of solutes) are forming (one mole of) the
complex (so less loss of disorder)
or one en displaces two H,0 whereas one CH,NH, only
displaces one H,0
[1]
(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more

stable) because:

. . 6 . .
either K__ is greater or AG® is more negative.
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E  Cadmium ions form complexes with primary amines and with 1,2-diaminoethane.
Cd™(aq) + 4CHNH,(aq) =* [Cd{CH,NH,},]*(aq) aquilibrivrm |
Cd*(aq) + 2H,NCH,CH,NH,(aq) = [CA(H.NCH,CHNH,},"(aq) K., =4.2x 10" equilibrium Il

(a) (i) WWrite an expression for the stability constant, K., for equilibrium |, and state its units.
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Cadmium ions are poisonous and need to be removed from some water supplies. This is often
-

dane by adding a complexing agent. .
(1} Ina sample of ground water the concentration of Cd™(aq) ks 1.00 = 10~*maldm™.

Calculate the concentration of CH,NH,(aq) neadad to reduce the concentration of Cd™(ag)
in this dilute solution by a factor of one thousand.
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(a)(i) K., = [CA(CH,NH,), 2]
[Cd*] [CH,NH,*
units: mol* dm™
[2]
(a)lii) Cd** + 4CH,NH, =[Cd(CH,NH )4]*
at start: 1 x 17 0
ategm: 1x 107 vy 1x10*-1x 107
or 9.99 x 10° or 1.0 x 10
9.99 x 10°% (y* x 107)= 3.6 x 10°
andy = 4+/(9.99 x 10 / (1 x 107 x 3.6 x 10% = 0.129 / 0.13
[2]
(b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
breaking (6 x) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking
(1]
(b)(ii) AS = (AH - AG) /T = (60.7 - 56.5) x 1000 /298 = (+)14/ (+)14.1
(1]
(b)(iii) | fewer moles (of solutes) are forming (one mole of) the
complex (so less loss of disorder)
or one en displaces two H,0 whereas one CH,NH, only
displaces one H,0
[1]
(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more

stable) because:

. . 6 . .
either K__ is greater or AG® is more negative.

[1]
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(b) Values for AH® and AG* for equilibria | and JI, and the value of AS® for equilibrium I, are given
In the table below. All valuas are at a temperature of 208K,

equilbrium | AH* TkJmot AG® Ikdmal AS® 1] K-'mott
1 573 374 6.8
[] =56.5 =507 to be calculated

{i) Suggesta reason why the AH®values for the two equilibria-are very similar.
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{iil) Suggest a reason for the diffierence between the AS® you have calculated for equilibrium I
and that for equilibrim | given in the table. .
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(a)(i) K., = [CA(CH,NH,), 2]
[Cd*] [CH,NH,*
units: mol* dm™
[2]
(a)lii) Cd* + 4CH_NH, =[Cd(CH_NH_)4]*
at start: 1 x 17 0
ategm: 1x 107 vy 1x10*-1x 107
or 9.99 x 10° or 1.0 x 10
9.99 x 10°% (y* x 107)= 3.6 x 10°
andy = 4+/(9.99 x 10 / (1 x 107 x 3.6 x 10% = 0.129 / 0.13
[2]
(b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
breaking (6 x) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking
(1]
(b)(ii) AS = (AH - AG) /T = (60.7 - 56.5) x 1000 /298 = (+)14/ (+)14.1
(1]
(b)(iii) | fewer moles (of solutes) are forming (one mole of) the
complex (so less loss of disorder)
or one en displaces two H,0 whereas one CH,NH, only
displaces one H,0
[1]
(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more

stable) because:

. . a . .
either K__ is greater or AG® is more negative.
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& Cadmium.ions form complexes with primary aminas and with 1, 2-diamincethane.
Cd™(aq) + 4CH,NH {aq) == [Sd(CHNH,), T (=q)
Cef*(ag) + ZHNCH,CHNH,(aq) = [Ca(H,NCH,CHNH,).*(2q)

{a) (I} ‘Writa an exprassion far the stability-constant; k... for equilibfivm 1, and state its units.

- C Cd(CH3 NHi)L:J
= [cdJ [ CHsVHy]S

Koo = 36 108 equilibriurn |

Ko = 4.2 x 10" equilibrium Il
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Cadmium lons are poiscnous and need to ba removed from somea water supplies. This is often
«dong by adding a complexing agent.

(i) Inasampleof ground water the concentration of Cd**(ag)is 1.00 » 10~ moldmr.

Calculate the concentration of CH,NH,{ag) needed to reduce the contentration of Cd™(ag)
in this dilute solution by a factor of one thousand,

COR
T o%0 ~ (k™)
(3 -6x Iﬁé)

concantration of CHNH (ag) = 0’36 maldm [2]
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(a)(i) K., = [CA(CH,NH,), 2]
[Cd*] [CH,NH,*
units: mol* dm™
[2]
(a)lii) Cd** + 4CH,NH, =[Cd(CH,NH )4]*
at start: 1 x 17 0
ategm: 1x 107 vy 1x10*-1x 107
or 9.99 x 10° or 1.0 x 10
9.99 x 10°% (y* x 107)= 3.6 x 10°
andy = 4+/(9.99 x 10 / (1 x 107 x 3.6 x 10% = 0.129 / 0.13
[2]
(b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
breaking (6 x) O-Cd bonds
or same types of / similar bonds forming / breaking
or same number of bonds forming / breaking
[1]
(b)(ii) AS = (AH - AG) /T = (60.7 - 56.5) x 1000 /298 = (+)14/ (+)14.1
[1]
(b)(iii) | fewer moles (of solutes) are forming (one mole of) the
complex (so less loss of disorder)
or one en displaces two H,0 whereas one CH,NH, only
displaces one H,0
[1]
(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more

stable) because:

. . 6 . .
either K__ is greater or AG® is more negative.
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(b} Values for AH* and | AG*for equilibeia | and 1, and the value of AS® for equilibrium ], are given
in the table below, All values are at a temperature of 288K,

equilibrium | AH* Hkdmalt aG_'rkJmuI" A-E'WJK Tmot? K;I):r:( Q5 Mark scheme
I 513 -37.4 _ 688 (@)(i) K., = [CA(CH,NH,) >]
11 ~56.5 50,7 to be calculated 5(a)(i) WHJ\‘HJ‘
(iy Suggesta reasnn-why.lhganalues for ﬂ:emaqmlima are very similar. units: mol™ dm 2]
al(i) | Co* + 4CH,NH, =[Cd(CH,NH,)4]
’éy@??ﬁféw?? .?"’?'@ Z&dj 7?'[’;9;{‘/‘5{[ e 4] at start: 1 x 1 0
-49200 5(a)(ii) ategm: 1x 107y 1x10%-1x107

{ily Calculate AS* for equilibrium Il — 2 ?g

W - ‘“1 ) f or 9.99 x 10° or 1.0 x 10*
9.99 x 109 (y* x 107)= 3.6 x 10°
-~ 60,100~ -56500- (29566 %) Iy and y = 4v(9.99 x 10%) / (1 x 107 x 3.6 x 10°) = 0.129 / 0.13
JK-mob [1]

-4200= -29%x as*=.. - 21
(Fiy E’:ﬁﬁ:?ﬂ?jﬁ:&;:'ﬁ :F::mfﬂmmnme 45" you have calculated for equiliorium (b)(i) (each complex is formed by) making (4 x)N-Cd bonds and
E j l‘? i J breaking (6 x) O-Cd bonds
q ik ld.. ?’;Hj"f 5 LIRVE.. or same types of / similar bonds forming / breaking

Wi A Yyl 0e . ?? é 227, .-"éS or same number of bonds forming / breaking
Seackant. wside..w il p?}— rore. o 5(b)(ii) : g

u,f.-f: R et (b)ii) | AS = (AH-AG) /T = (60.7 - 66.5) x 1000/ 298 = (+)14/ (+)14.1
{iv) mmdu*!u% t'gc%{é%!&-f;ﬁ ia ﬁ% miore stable? Give g reasocn for your ans.wer

. Ed&fﬁzﬁ@ﬂ;ﬁﬁﬂﬂﬁtjﬂ 7 begause o | 1]

fewer moles (of solutes) are forming (one mole of) the

dis.order 4

‘[: , f iE .I’},l' b@? K 5&4 1 complex (so less loss of disorder)
e ; .ﬁ‘ é? - 1 5(b)(iii) or one en displaces two H,O whereas one CH,NH, only
[Tatal: 8] displaces one H,0

(1]

(b)(iv) | The [Cd(H,NCH,CH,NH,),I** / equilibrium 2 complex (is more
stable) because:

. either K__ is greater or AG® is more negative.
5(b)(|V) stab [1]
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