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Mark Scheme

Answer 1.

a) In terms of energy, degenerate orbitals are:

e QOrbitals that are all at the same energy level
OR
Orbitals that are equal in energy; [1 mark]

[Total: 1 mark]

e Although this questionis
and non-degenerate or

tu notabout degenerate
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b)
i) The difference between the shape of a d,, orbital and the shape of a d,z_,2 orbital is:

e The lobes of a dy, orbital are between the x and y axes
AND
The lobes of a dyz_z orbital are on the x and y axes; [1 mark]

il) The three-dimensional diagram to show the shape of a d,z orbital is:

7=

EXAMEZARERS PRACTICE

(i3S |
@- %%%r%%ﬁ%@%%kgc[@)%%he shapes of different orbitals or identify the

orbital from a diagram
o But,ifyouare able to describe the difference (as seenin part (i), thenyou have a clear
understanding of orbital shapes

z
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c) The change of d-orbitals in a transition metal ion from degenerate orbitals to non-degenerate
orbitals is caused by:

» Dative (covalent) / coordinate bonding to ligands
OR

Ligands causing the transition metal ion to not be isolated; [1 mark]

[Total: 1 mark]

¢ The splitting of degenerate d-orbitals into non-degenerate d-orbitals is caused by the
dative covalent / coordi i ali
e The number/type/size

erate d-orbitals split

d) The completed table is:

Higher energy wer energy
dxy
dy2_y2 AND
Octahedral AND dyz

Copyright AND dee_ye
© 2024 EXEMAP&hers Rractice o2 o
Oy

» All d-orbitals correctly assigned for octahedral; [1 mark]
» All d-orbitals correctly assigned for tetrahedral;

[Total: 2 marks]

e Youonly needtoremember the energy levels of either the octahedral non-degenerate d-
orbitals or the tetrahedral non-degenerate d-orbitals because they are the opposite of
each other

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 2.

a)Atransition element is:

¢ (Anelementthat can)form / has one ormore stable ions with anincomplete d subshell; [1
mark]

[Total: 1mark]

e Thisis astandard definition that you are required to know

b)

i) The term monodentate lig

e dative f coor ar
rons to form a dative / coordinat

e (Aspeciesthatcan)for
¢ Thatusesalone pair of
[Tmark]

ndtoa(metal)atom /ion:

i) The formula of this complex, includin chargeis:

o [Ag(NHz)z1": [Tmark]

mAM PAPERS PRACTICE

CD Fﬂtate ligands can form only one dative bond to the central metalion
of mo dentate li nde)r
ff?:f,-f ICe

ater ﬁrﬂ} mg‘g [:.'s rat
o Ammonia (NHz) molecules
o Chloride (Cl")ions
o Cyanide(CN7)ions
e |faskedtodrawthecomplexdon't forgetto show the coordinate bond by using arrows
which point to the metal ion as this is the direction of donation
e You should also know examples of bidentate and polydentate ligands
* The most common examples of alinearcomplex are a copper(l)ion, (Cu*), or asilver () ion,
(Ag*), as the central metal ion with two coordinate bonds formed to two ammonia ligands
o Theyhave abond angle of 180 ® and have two coordinate bonds
e NHzdoes not have acharge, so the overall charge of the silverion, Ag*, will remain

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) The type of isomerism shown by these two complexions is:

e Cis-trans
OR
Geometrical; [1mark]

ii) These two complexions are coloured and have different colours because:

The d orbitals are splitinto 2 / different levels; [1 mark]
(Colouris due to) absor
When an electronprom
The energy gap is differ

n/ excited: [1mark]
orthetwoco

[Total: 5 marks]

e [Cr(NHz)4Cls]* canform
o Thedottedlinerepr

isomers

+ m—

Copyright

@ 2024 Examﬁaperﬁ“Pragﬂce o
cis trons

Vo it J ________

L

EXAM“"RAPERQFQ

): [1 mark]

ACTICE

3

e Part (ii)is avery common question and so it is worthwhile learning this thoroughly - the

marking points will be the same!
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d) Three-dimensional diagrams to show the sterecisomers of [Ni(en)s]%* are:

<\qu HEN/?
HEN.H;, m"‘ ;; f:,,_ N

Hng \N J \ H l “’N Hy
&7 LN

s Firststructure correct; [
* Secondcorrect

AND

Mirrorimage of the first

[Total: 2 marks]

s Ethane-12-diaming, H-
simply
o Eachendofthe moleculeha amine group with two carbon atoms in the middle
o Bidentate Ilia nds can each form two dative bonds to the central metal ion

EXAM. PAPERS. PRAGTICE

Cﬂ%fb? tr.'odﬁeremlsomerswhenyou have only bidentate ligands, simply draw the

gnOF’p‘% ers Practice

h|s IS GD Erism

e You are also allowed to use en as abidentate ligand (instead of H;NCH;CH;NH5) as long is
itcorrectly represented

canbe drawnrelatively

WA

NORN
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e)

i) The amino groups in ethane-1,2-diamine allow the molecule to act as a Brensted-Lowry base
because:

e The nitrogenlone pair; [1 mark]
« Acceptsaproton/isaprotonacceptor; [1mark]

ii) Anequation for the reaction of ethane-1,2-diamine with an excess of hydrochleric acid is:
¢ H;NCH;CHzNH3 + 2HCI — CIHzNCH;CHaNH3 Cl: [1mark]

[Total: 3 marks]

* Youneedtoknowthed

o Brensted-Lowry aci

o Brensted-Lowryba

e Asethane-1,2-diamine
accepted

o Youcanalsouse the ionic equa

o H;NCH;CHzNH; + 2HY — (Hz

se and examples of each

lectrons

wo amine groups there are two pl sinwhich protons canbe

to score the mark
2CHsNHz)2?

EXAM PAPERS PRACTICE
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f)

i) The structure of polymer Z, showing two repeat units

D

o)
H H, | H M.
71{ S \ L N L }‘5
‘f  §
2

N
| Hz H |
0 o

OR

Q H

N
/IY\/'\N
o H

¢ Amidebond/CONH: [1Tmark]
¢ Restof the molecule with continuation bonds: [1 mark]

EXAM-PAPERS-PRACTICE

e Condensation; [1mark]
Cr::pyngh
BaPudafelam Papers Practice

¢ Polyamides are also formed using condensation polymerisation

¢ We know the structure of ethane-1,2-diamine and ethanedioic acid so start by drawing
these out

e Youmustshow the correctamide link / bond and continuation bonds

e Double-checkyourpolymeronce youhave drawnit asitis easyto miss out onthe C=0, an
H atom or even have an extra O atomin the polymer chain

LY
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a) Transition metals exhibit variable oxidation states in contrast to the elements in group 1 as:

Transition metals:

« (Contain) d and s orbitals which are close in energy
OR

(Successive) ionisation energies increase gradually; [1 mark]
In group 1 elements / alkali metals:

e The second electron is re
OR
The removal of the secon ctron requires AgSigai i ionisation energy; [1
mark]

[Total: 2 marks]

* You should be able to des
terms of successive ionisation energi

e This is in contrast to the s-block me hich have only one fixed oxidation state
o For example, calcium is an alkaline earth metal and occurs with a +2 oxidation state in its

EXAM-RARERS RRACTICE
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b) Complex ions such as [Cr(H,0)s]** are coloured as:
Alternative 1:

+ Ligands cause the splitting of 3d orbitals into two energy levels; [1 mark]

« Energy from visible light promotes an electron from a lower energy level to a higher energy
level:
OR
Colour is due to an electron transition between (split) d orbitals; [1 mark]

* The energy absorbed is in the visible region of the spectrum
AND
(50) the complementary
wavelengths; [1 mark]

the remaining frequencies /

Alternative 2:

» Complexes have two se orbital(s) of different energy
OR
d-orbitals split into two sets (of orbita

* Visible light is absorbed

EXAMWPM ERS.RPRACTICE

[Tatal\d mgrks]
© 2024 Fxam Fapers Practice

uestions a colodrin ran5|t|0n metal complexes are typically for these same
three marks
* 5o, it is worth taking the time to learn these points
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c)
1) Water can act as a ligand because:

» \Water has a non-bonding / lone pair of electrons; [1 mark]
o (Which it) donates to the metal ion
OR
(Allows it to) form a co-ordinate / dative (covalent) bond with the metal ion; [1 mark]

i) The shape of [Co(H20)s]*" would be:

o Octahedral; [1 mark]
[Total: 3 marks]

* You should be able to de dinate bonds within a
complex ion

» Alewis base is a specie electrons

o We can describe liga

¢ Since [Co(H>0)s]*" has 6 water liga

ordinate / dative covalent bonds a

its shape has to be octahedral to spread the co-
apart as possible

EXAM PAPERS PRACTICE
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d) Solutions containing [Co(H-0)s]?* are coloured but solutions containing [Zn(H>0)4]°* are not due
to:

* |n transition metal complexes the d orbitals / levels are split (into two levels of different energy);
[1 mark]
« [n cobalt, the d levels are partially filled
AND
In zinc, they are completely filled; [1 mark]
* \isible light is absorbed when electrons move from lower to higher energy levels / transition
between d orbitals (in cob
« Transmitted light is the co

[Total: 4 marks]

* You should know that zin ot a transition
o It has a complete d-sublevel, [Ar]3d194s?
o ltsion, Zn®*, has the
» Zinc will, therefore, not display the pro
coloured compounds
o Compounds of zinc(ll) are usually colourless

EXAMGARERS HRACTICE

electromagnetic spectrum
Copyright e
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ransition metals such as forming
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Answer 4.
a)Ni¢*(aq)is greenbut Sci*(aq)is colourless because:

e (The colour of transition elementsis) due to partially filled /incomplete d sub-levels /
orbitals; [1 mark]

s Thedsub-level/orbitalsis/are split; [1 mark]

» Ni?*(ag) hasincomplete 3d sub-level / orbital
AND
Sc3t(ag) has no 3d electrons / empty d sub-level; [1mark]

[Total: 3 marks]

* Youshould know scandi s not a transitio
o |tonly forms oneion

o |thasthe electronic figuration of [
¢ Scandiumwill, therefore, display the properties associate@lith transition metals such
as forming coloured co

bshell

EXAM PAPERS PRACTICE
(% pghﬂs cause splitting of d-orbitals

B fisdxam bapars Lract

e movement ot electrons between the d orbitals; [1 mark]
e (Fourof the)waterligands are replaced by ammonia ligands
AND
The splitting of orbitals depends on the ligand present; [1 mark]
e Ammonia ligands increase the splitting of the d orbitals
OR

Ammonia ligands cause a greater splitting than water ligands: [1 mark]

[Total: 3 marks]

e We must first recognise that the addition of ammonia willmean that water ligands in the
copper(ll) complex are replaced with ammonia ligands
e The questionrelies onunderstanding that the ligand present affects the colour of the
transition metal complex
o Differentligands cause different amounts of splitting of the d-orbitals

For more help visit our website https://www.exampaperspractice.co.uk/
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d)
i) The oxidation number of ironin [Fe(CN)]*" is:
o +2;[Imark]

i) The abbreviated orbital diagram for the ironionin [Fe(CN)]*~ should look as follows:

o B |

[Total: 2 marks]

+ [ronwill have an oxidatio berof +2
o Fe+(6xCN)=-4
o Fe+(6x-11=-4

e The abbreviated orbital diagram f

EXAM PAPERS, PRACTICE
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Ironwill lose electrons from the 4s orbital

Asthe question has asked forthe abbreviated orbital diagram it isimportant to include [Ar]
to show the noble gas configuration for part (ii)

Full or half-arrows are acceptable for part (i)

The 3dlabelis notimportant for the mark in part (i)
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