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Mark Scheme

Answer 1.
a) The electronic configurations of a Co atom and a Co?" ion are:
+ Co atom = 152 252 2p® 352 3p°® 3d7 452
OR
Co atom = 1s? 252 2p® 3s2 3p 452 3d”: [1 mark]
e Co°*ion = 1s? 252 2p® 3s2 3p® 3d”: [1 mark]

[Total: 2 marks]
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d-orbitals can hold up to 10 el
« With 27 electrons, an atom cobalt will be 152 252 2p® 352 3p® 3d7 4s

EXAM-BAPERS-PRACTICE

CCI ﬁfmber: 4s electrons are lost before 3d electrons

© Zﬁﬁ%ﬁ% ﬁgﬁgﬁgﬂﬁg%ﬁagst this will give 152 252 2p% 352 3p% 3d7

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The structure of the linear complex formed by Co?* ions and CI- ions is:
Cl—Co—Cl
s Cl-Co-Cl [1 mark]
The overall charge of this complex is:

« Zero/ 0/ no charge; [1 mark]

[Total: 2 marks]

* The question tells you th e complex is lin

¢ This means that the Co?* o of ch e ligands / ions arranged in
a linear fashion, 1.e. with 0" bond angle

e One Co?* ion with two Cl s means that there will be no over arge

EXAM PAPERS PRACTICE

Copyright
@ 2024 Exam Papers Practice
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c) The three-dimensional diagram of a [Co(H>0)g)** complex ion including two bond angles is:

Hzo 2+

HzO \\\\OHZ
1800 Co |90°
H>0 OH)

H>O

e Correct structure of the ¢
AND
Correct 2+ charge; [1 ma

The shape of the complex is:

« QOctahedral; [1 mark]

=XAM PAPERS PRACTICE

CCI i)ﬁﬁ:lly labelled on the diagram

© Wde it Sss Gmark

[Total: 3 marks]

« Complexes with 6 ligands form an octahedral shape

¢ The bond angles within an octahedral structure are 90° for adjacent ligands and 180° for
opposite ligands

* Since water is a neutral ligand, the complex will have an overall charge that is equal to the
charge of the metal ion, i.e. 2+

For more help visit our website https://www.exampaperspractice.co.uk/
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d) The observations and equations for reactions 1 and 2 are:
Reaction 1

* Observation = blue / blue-green precipitate; [1 mark]

¢ Equation = [Co(H;0)g]** + 20H~ = Co(H;0)4(0OH); + 2H,0
OR
Co(OH); + 20H™ = Co(OH); + 2H,0; [1 mark]

Reaction 2
* Observation = (straw) yell ion;
¢ Equation = Co(H20)4(OH 6MNH3; = [Co(N 2*
OR

Co(OH}); + 6NH3 = [Co(N
[Total: 4 marks]

o Cobalt(ll) and copper(ll) and substitution with
agueous ammaonia

* You need to be aware that cobali(| dergoes full substitution with 6 ligands being replaced by

EXAM-PAPERS PRAGCTICE

ammonia
Cﬂ@ﬁftghﬂeed to be aware of the colours / states associated with these complexes and

@ MIdnkyam Papers Practice

+ You could also be asked a follow on question about the [Co(NH3)g]?™ as it will readily oxidise
from a straw yellow / brown solution to form a blue solution of [Co(NH3)g]**

For more help visit our website https://www.exampaperspractice.co.uk/
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e)
1) A hexadentate ligand is:

* Aligand that can donate six lone pairs of electrons (to a central metal atom / ion); [1 mark]
« To form six dative (covalent) / coordinate bonds; [1 mark]

ii) The type of reaction is:

* Ligand exchange / displacement / replacement / substitution; [1 mark]

i) The stability constant, Kstap.

[[CuEDTA

stab - [[cutr,0), ]

) The numerical value of the

e (Very) stable
OR
More stable than [Co(H50)g]%*; [1

:e term ligand reLrs toa c!e ical thaéb‘e L ;Eonate lone pairs D‘ electronsto a !entr:a E

Cg‘ﬂﬂ#@@nf ion
@AYo L mes| Pﬁﬁﬁ%bﬁaﬁil@éut mono- and bidentate ligands

+ Since all of the water ligands are replaced by one EDTA ligand, this is a ligand exchange
reaction
* The equation for the reaction is:
o [Co(H,0)g]** + EDTA* = [CoEDTAJ* + 6H-0
# The reaction equation can be used (much like K;) to deduce the K.i5p expression
o Remember: Water does not feature in K5, eXpressions
products _ [[cuEDTARR]
reactants  [TCu(H,0),J?*] [[EDTA]“‘]

« Remember: The greater the value of K;i5, the more stable the complex is

o Kitgp= =

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 2,
a)
i) The equation for the reaction when concentrated hydrochloric acid is added to [Cu(H,0),1%*:
[Co(H20)4]%" + 4CI" — [CoCl4)?" + 6H,0

» [CoCls]* complexincluding correct charge; [1 mark]
e Restof the equation fully correct; [1 mark]

ii) The three-dimensional dia ec i eaction between
[Co(H20)¢]?* (ag) and HCl is:

EXAM PAPERS PRACTICE

AND.

CGE&WQJ—H‘IEFQE 1 mark]
@ 2 sbnaysaddn Esapaks Praciice
AND
Showing the tetrahedral shape of the complex; [1 mark]

[Total: 4 marks]

¢ Intheligandsubstitution reaction, the six water ligands are replaced by four chloride ions

e The shape of the complex formed is tetrahedral asit has four bonding pairs of electrons
around the central metalion

e Asthechlorideionislargerthan waterachange in coordinationnumberis observed

For more help visit our website https://www.exampaperspractice.co.uk/
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b)
i) The oxidation state of cobalt is:

s +3;[Imark]
e The NHzligands are neutral and the Cl- ligands each contribute -1
OR
The NHz ligands are neutral and the Cl- ligands overall contribute -2; [1 mark]

ii) The structures of eachisomer are:;

Cisisomer:

e Sixcorrectligands around Co

EXAM.RARERS PRACTICE

¢ 3-Dbondsused correctly foran octahedral structure; [1 mark]
Cﬂﬁyﬁlﬂlll}gns isomers correctly identified; [1 mark]

@ 2024 Exam Papers Practice

[Total: 5 marks]

¢ Inthe cisisomer, the two CI” ligands are at 90° to each other / next to each other
¢ Inthe transisomer, the two Cl" ligands are at 180° to each other / opposite or across from
each other

For more help visit our website https://www.exampaperspractice.co.uk/
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+

c) Explanation of the ongin of colour in a transition element complex such as [Co{NH3)4Cl>]™

» Complexes have two sets of d orbital(s) of different energy

OR

d-orbitals split into two sets (of orbitals); [1 mark]
* Visible light absorbed (and complementary colour observed); [1 mark]
e Electron(s) are promoted / excited

OR

Electron(s) moves to higher (d-) orbital; [1 mark]

[Total: 3 marks]

* Questions about the origi f colour in transif e typically for these same
three marks
* 50, It is worth taking the ti

Answer 3.

EXAM.RARERS.RRACTICE

CGﬂ}@@hﬂﬂExt forms 2 dative bonds to central metal atom / ion; [1 mark]
@ 2024 Fxam Papers Practice

[Total: Tmark]

¢ Youneedto able to describe what monodentate, bidentate and polydentate ligands are

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The three-dimensional structures for the two optical isomers are:

e Three correctligands ar
AND
Bonds are shown from the N of th -diaminoethane ligand; [ mark]
¢ 3-Dbondsused correctly to show an octahedral shape; [1 mark]

EXAM-PAPERS' PRACTICE

[Tatal 3 marks]

gmo ?ﬁﬁﬁpﬂé‘f’glﬁ,ﬁ &ﬂ%::ﬁable mirrorimages of each other

umustbecon wingthese - questions asking for you to draw the isomers
are common

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The equation for the reaction of [Cu(H>0)s]2* with 1,2-diaminoethane is:
[Cu(H0)4]1%* + 3HNCH>CHaNH; — [Cu(HsNCH2CHsNH2):12* + 6H,0

e [Cu(HsNCH>CHsNH5)z12* complex correct; [1 mark]
¢ Rest of the equation fully correct; [1 mark]

[Total: 2 marks]

e Fachofthel2-diaminocethane ligands canform 2 coordinate bonds to the central metal

ion, as they are bidentate ligands

o So,only 3molecul
ligands

place all 6 of the water

Answer 4.

a)The correctinformationis:

 Oxidationnumber of the platinumi
* Shape of the complexes = Octah

EXAM.RARERS..PRACTICE

platinumion and the same shape
ﬂ@% 1 is the simplest of the four complexes as it contains familiar ligands that you

© 2t rmanse FragesorHractice

[Mmark]

o OH=-1
o Cl=-1
(o] NH3=D

* The overall charge on the complexis zero meaning, which means that:
o Pt+(2x0OH)+(2xCl+(2xNHz)=0
Pt+(2x-1)+(2x-1)+(2x0)=0
Pt+(-2)+(-2)=0
o Pt-4=0
o Pt=4
* Allof the complexes have 6 coordinate bonds, which means that the shape must be
octahedral

o

o

For more help visit our website https://www.exampaperspractice.co.uk/
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b) The stereoisomers of oxoplatin are:

- ?H - : ?H — -CI?HNH-
, .1 Cl PLila
Pt’ a,mi Pt]
| HO'| 'NHs HO' | ClI
. OH | . : L L

The chiral isomers are:

CI?HNH

3

Pt

HO | "NH,
Cl

* Bothenantiomer structures: [Tm

EXAM. RAPERS.PRACTICE

toone nother around the central Pt atom

Copyfdfl!
@ 204 Eéﬁ@lﬂa tﬁ@:ﬂﬁ@tpfﬁtfﬂlﬁﬁrom Fig.1.1as an answer, this will not score a mark
o Whendrawing these isomers, it can be easy to draw the same structure twice but from
adifferent angle
¢ You can see none of the top three sterecisomers are chiral by drawing a dottedline and
flipping the structure
o Foreachof these, youwillbe able to rotate this flipped structure to align with the
originalisomer drawn
o Therefore, they are not non-superimposableimages

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The structure of cis, trans, cis-[PtClo(OCOCHz)2(NH=z)-] is:

Cl. |
. Pt :[Imark]

Cl”|

[Total: 1Tmark]

e There are three pairs of
o CI
o OCOCHsz
is] NH3

s Thecis trans, cisinthe complexformulacis. trans, cis-[PtCl(QCOCH=) fers. in
EXAM-APERS ICE
o Cis-

CCI[] Eﬁ{ -OCOCH3
I5—NH .
© 2024 Pxain Papers Practice

o Cismeans that theligands are adjacent / next to each other

o Trans means thatthe ligands are opposite one another

For more help visit our website https://www.exampaperspractice.co.uk/
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