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(c) Cobalt({Il) forms a six co-ordinate complex containing three water molecules and three chioride
ions.

(i) Write the formula of this complex showing the overall charge, if appropriate.

(i) Explain, with the aid of diagrams, how many isomers of the complex in (i) exist.

Uo - cl -
'3 B
2,V ol CJ,,,'I Lol
Co A Co
dd | $c.c 4 | \Son
Lo h0Y ¢y B

(2]

(d) Platinum{ll) forms a four co-ordinate complex containing two ammonia molecules and two
chloride ions.

(i) Write the formula of this complex showing the overall charge, if appropriate.

......... P:\'(N“Q;,(Cﬁl [1]

(ii) This complex exists as two isomers.

Draw the structure of these isomers and give their names.

(3]
(iii) One of the isomers in (ii) is an important anticancer drug.

State which isomer this is and explain why this isomer is effective.

Draw diagrams showing the structure of Co(R,P).I, and the two isomers of Ni(R,P),L..

Ni(R,P).1,

R, P

3

NG
1_4 vPR

—
/,// L

N\

Ni(R,P),1,

3

kP

3

—

s
l
—_ C.é Wy A

A
PR,

GD{R].P:'EIE

(b) There are two isomers with the formula Ni(R,P).I,, but only one structure with the formula
Co(R,P)L. (R = alkyl, R,P is a monodentate ligand)

[3]



(d) (i)

(ii)

(e) (i)

(ii)

In the presence of chloride ions, [V(H,O).]** reacts to form a mixture of isomeric octahedral
complexes.

[V(H,0)J* + 2Cl- = [V(H,0),CL]' + 2H,0

Complete the three-dimensional diagrams to show the two isomers of [\V(H,0),CL)]".

C} W ¥ "‘LO *
l")_o £ - I 10‘-"‘" @) ql q’; O A e, ‘ -.\"":"\'O l—\ L
ll)ﬁ)/l\ol_ll C}/‘\CJ
cl g Lo
isomer 1 isomer 2

[2]
State the type of isomerism shown by isomer 1 and isomer 2 in (i).

The complex [V(H.O)J* also reacts with ethane-1,2-diamine (en), H.NCH,CH,NH., to
form a mixture of isomeric octahedral complexes.

[V(H,0),** + 3en = [V(en)J* + 6H,0

Complete the three-dimensional diagrams to show the two isomers of [V(en),]*.

You may use NJ *N to represent en.
( BN .4/\\
Nf&m I 1\""“ n N 'f'r‘r-f.*; | ..1.1-":"1'l N
I LTS
N I “‘ o | N
L N \/ L N
isomer 1 isomer 2

[2]
State the type of isomerism shown by isomer 1 and isomer 2 in (i).

(iii) Adding a limited amount of en to [Ni(H,O).J** forms the complex [Ni{H.O).(en).]**.

Suggest the number of possible sterecisomers of [Ni(H,O),(en),]**. Explain your answer.

You are advised to include three-dimensional diagrams in your answer.
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(ii) There are three isomeric complex ions with the formula [Cr(en),CL]".

Complete the three-dimensional diagrams of the isomers in the boxes.

You may use p,

N to represent en.

e semey )

[3]
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(c) Hexaaquairon(lll) ions are pale violet. They form a colourless complex with fluaride ions, F-,
equilibrium 1, and a deep-red complex with thiocyanate ions, SCN-, equilibrium 2.

[Fe(HO)F* + F- = [Fe(HO)F]* + HO equilibrium 1 K, = 2.0 x 10°mol" dm?

violet colouress

[Fe(H,0).F* + SCN- = [Fe(H,0),SCNP* + H,0 equilibrium 2 K, = 1.0 x 10°mol'dm®

violet deep-red

(i) Predict and explain the sequence of colour changes you would observe in each of the
following experiments.

« Afew drops of KSCN(aq) are added to 5cm?® of Fe*(aq), followed by a few drops of

»a (6&0"& M CoO\’(\(SS o> KsL-L \CCCHP;O §¥_§*

« A few drops of KF(aqg) are added to 5cm?® of Fe*(aq), followed by a few drops of

[Total: 9]

\)suM»J qier

WA comPMESd\. ‘-o
Do(ugoos tel

<>'l So el

.1

Copper is a transition element and has atomic number 29.

(a) Complete the electronic configuration for the copper atom and the copper ion in the +2 oxidation

state. ‘
\ (=]
« copper atom [Ar]) He g;\ ............................................
q
« copper ion in the +2 oxidation state [Ar]) 5 ......................................................

(b) The following equilibrium exists between two complex ions of copper in the +2 oxidation state.

[Cu(H,O)J + 4CI- == [CuCLF- + 6H,0

oy
~Moe 5"‘% N ‘0"‘%” (i) MName the type of reaction occurring here.

g 1)

(i) State the colours of these two complex ions.

[CaHOVP oSy . .. o\ ... [CuCLJ* 19\‘)5 ................................. [1]

(iii) State the shape of the [CuC1* jon.

...... QJ((JQ&((,& [1]

(iv) Write the expression for the stability constant, K, for this equilibrium.

Ay [ [ ¢ H}*LW
UCOC”»O\(;T]W ol ()

(c) Copper also forms the complex ions [Cu(NH,),(H,0),F and [Cu(en){H,0) where en is the
bidentate ligand ethane-1,2-diamine, H.NCH,CH_NH,.

[Cu(H,O)F" + 2NH, == [Cu(NH,),(H,0)J" + 2H,0 equilibrium 1

[Cu(H,0)J* + en === [Cu(en)(H,0) " + 2H,0 equilibrium 2

(i) What is meant by the term bidentate ligand?

s conining 2 Vg s Lk 4 Mtk s o bt

(i) The table lists the values of stability constants for these two complexes.

stability constant, K,

[Cu{NH, ),(H,0),F 7.94 x 107
[Cu({en)H,0)F 3.98 « 10"
What do these K__, values tell us about the relative positions of equilibria 1 and 27

L)JL ¢ J\‘(Z:h{?wl\ PmLoA& e Low'(gb i L}\I\W\D s‘«Qew\S



(b) Copper forms complexes with NH, and en according to equlibria 1 and 2.
equilibrium 1 Cu**(aq) + 4NH,(aq) = [Cu(NH,),J**(aq)
equilibrium 2 Cu?*(ag) + 2en(aq) = [Cu(en),]**(aq)

(i) Write the expressions for the stability constants, K., and K, ,, for equilibria 1 and 2.
Include units in your answers.

Keor = (IC 5 (). QfJeﬂ“
\)2* L(
[C -Bu(w\ [ N“5] CG\W\

N (¥ A R e
02{&7"" [e*"‘]i\wx M*Q"\&M%Lumts=&%€w\0\-)—

[3]

JC
T ()

units = DV'\V"\O\

I<<’73 < )ﬂ'\é "\b\ *
NN

&MGJ)— " M‘\
Ly el

24H

-
=

1

[Cu(NH,),F*(ag) + 2en(aq) = [Cu(en),]**(aq) + 4NH,(aq)

N\ /e

Cun(w‘\«\— )?//\ + L‘N"\S
4,0(2 —\‘OO = —%

(ii)

(i)

An equilibrium is set up when both en and NH, ligands are added to a solution containing
Cu®*(aq) as shown in equilibrium 3.

equilibrium 3 [Cu(NH,),J**(aq) + 2en(aq) = [Cu(en),)**(aq) + 4NH,(aq)

Write an expression for the equilibrium constant, K., in terms of K., and K.

The numerical values for these stability constants are shown.
K . = Thdfx 104 K,y = 5.3 x 10™

Calculate the value of K. stating its units. C

2 -
e L'L( \ unrt‘-YY\o\D/"\ [2]

(c) AS®values for equilibria 1 and 2 differ greatly, as can be seen in the table. All values are at a

temperature of 298 K.

(ii)

(iii)

(iv)

(v)

equilibrium | AH®*/kJmol™" | AS®*/JK'mol" | AG*/kJmol™
-92 —60 74
Z =100 +40 -2z

Explaln why AS3.: is so different from AS ;..
€49 o). ... Ge,»«)w _____ neled Y zwveg to ng)vce ( ol
% P{o& c)( J«a\a AN e J\M\\Mo«(e ﬂ\o‘eb (eaj’z&

Calculate AGZ,z at 208 K.
/;Cq T AT
). -\ 22
G‘OO>’ )’Q%Cacx\o> - \\\

ﬁGqu = ’\\)’ kJ m{igi

What conclusion can be made about the relative feasibility of equilibria 1 and 27

Explaln your answer.

Tu' \0('0‘ 2 WSonofe Q@b\li’la N gvmo& B\JeJW‘\ \\’\ov'\ eT» \ofwm

Using data from the table, suggest a value of AH# for equilibrium 3.

State the type of reaction that is occurring in equilibrium 2.

LanJ\QaJ\M\J@ [1



(c) The table shows numerical values of the stability constants for the following equilibrium where
M can be one of the metal ions listed and L one of the ligands which replaces one H,O
maolecule.

[M{H,0)L]"(aq) + L(aq) == [M{H,0).L]"™"(ag) + H,O()

metal ion, ligand, L | stability constant, K__,
Fe™ F- 1.0 x 10 =N cor-\{’o«'\w‘J”>
Fe* CE 2.5 x 10" 4 1o
Fe™ SCN- 9.0 x 10°
Hg* Cl- 5.0 x 10°

(i) What is meant by the term stability constant, K7

(ii) Use the data in the table to predict the formula of the complex formed in the greatest
amount when

# a3 solution containing equal concentrations of both F- and SCN- ions is added o
Fe*(aq), +)

& a3 solution containing equal concentrations of both Fe** and Hg* ions is added to
Cl-(aq). +

(b) Six different compounds or complexes, H, J, K. L, M and N. are formed when an excess
of aqgueous NH,, aqueous NaOH and concentrated aqueous HCI are separately added to
separate solutions containing Cu**{aq) or Co™(aq).

reagent
solution an excess of an excess of :Snifnﬁ;;
NH,(aq) NaOH(aq) HCl{aq)
Cu*(aq) H J K
Co**(aq) L M N

(i) State the colours of the following compounds or complexes.

H E‘Ue

w blo <@y £  —7
[£]

(il) Write the formulae of the following compounds or complexes.

[£]

(iiiy State the appearance of compound J.

...... Q{qa «c,u{)\u'e [1]

[Total: 7]
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(b) (i) Complete the diagram to show how the presence of ligands around an isolated transition
metal ion affects the energy of the d orbitals.

I
-/ 117
———) D
L [(TTTT]
degenerate
d orbitals
octahedral isolated transition tetrahedral
complex metal ion complex

[1]

(ii) Explain why transition metal complexes are cnlﬂured

/_Yv'\ LONLL.Com [cx) ‘H~¢ & va \ \\/\Av 2 \eNeQA CJ—VOKS _
e \0\»‘@( MQ{; |e/~/e)\ qﬂaso((o VicHe s [/\)f ’é cw@fa\D@ 0/\@(7(7

-\0 )UMGD][D LA Ce-\wﬂ (’gf’/“& k. wv\lee,«}M
Aot elewt. o&% ;QQ p-

(iii) [Cu(H,O)J* is pale blue but [Cu(NH,),(H,O).}*" is deep purple-blue.

/rv;, ca((e)>fo Q Awe,(e/lkce N 6{\9{77 Lg)wee/\, 'w\{, @/’/JA e
B TN, 93 alle Sy 8

el 4 bl spechroot -

Suggest a reason for this.

(iii) Octahedral complexes of Cu®* with different ligands can have different colours.

Explain why.

Te, &'(Lpele,/ue N edefe (156) deoeej\ ’H*Q, 2 @f\efj le»'@OA
QW@(&J’ Q,/ if e//eJ’ 39«\95 /r\uueg)(e_ £ Y suv&

- CO°U‘( ‘S J?Hze/eﬁj o &Wﬁ’/{@"} CO_?Q".(Q’.\Q{&?’(.E&....C?.Q&!.’E...?.".C.._

- [2]

{(b) Copper(l) and silver(l) salts are colourless.

Suggest why.

Ca . @«\9 Az\ 9 QJL JA ov/e_ -C°‘“()IJL3 Qu\/ﬂ:t C)&u\b "
J&@— \ovw( CANEA. jJ of‘a w/\ cw\'\o )uwxﬂ) 119 ij/
W{TJ Mcowfle?@ 09 Lkl

o 9

(c) When water is added to concentrated aqueous cobalt(ll) chioride the colour of the solution
changes from blue to pink. Explain this observation.

Mo equation is needed, but you should include reference to electron movement between
orbitals in your answer.
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