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Mark Scheme

Answer 1.

a) Atransition metal is:

+ A metal / element which forms one or more stable ions with an incomplete / partially filled d-
orbital / d-subshell; [1mark]

[Total: 1Tmark]

¢ Transition metal chemistry has several key terms that yvou need to be able to define,
including transition met

b)
1) The electronic configuration

o 1522522pB3523pf3d2
OR
[Ar]3dZ; [1 mark]

on has a complete 3d subshell

COAND T
© QW%W%ﬁWFﬂ}%@ﬁ@HDn is 1522522p53523p%3d"0: [1 mark]

[Total: 2 marks]

» Atransition metal is defined as an element that has an incomplete d subshell either in the
element or in one of its ions, therefore:
o Scandium(lll} ion has no electrons in its d subshell
o Zinc(ll) ion has the electronic configuration of [Ar]3d'?, meaning the d subshell is complete
and is also not classified as a transition metal

For more help visit our website https://www.exampaperspractice.co.uk/
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c) The completed table is:

Shape of orbital X

Type of orbital d;[1mark] s; [1 mark] p: [1mark]

[Total: 3 marks]

o Thedorbitalasd,, asthelobesareint
o Theporbitalasp,a lobes are on the z-axis

EXAM PAPERS PRACTICE
Cﬂ pmgh;‘plexes ! complex ions; [1 mark]
C4 Xaradeloxiddton dalee i Enaiaclice

+ Behave as catalysts; [1 mark]
[Total: 2 marks]

* You need to know the characteristic properties of transition metals
» Exam questions will often go into further detail about these characteristic properties

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

a)
i) The full electronic configuration of a Cu atom and a Cu?* ion:

e 1522522p%3523p%3d7%4s™ [1 mark]
e 1522522p%3523p%3d%; [1 mark]

il) Four characteristic features of the chemistry of copper and its compounds:

» Variable oxidation state; [1
« Form coloured ions/comp

 Form complexes / comple
» Act as catalysts; [1 mark]

[Total: 6 marks]

* Forthe copper atom 3d a
» Remember: Copper has

sub-shells
* The characteristic features are co to all transition metals

EXAM PAPERS PRACTICE
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ility of filled and half-filled
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b)
1) The term monodentate ligand means:

» Aligand that forms one coordinate bond / donates one lone pair of electrons to a metal atom or
ion; [1 mark]

i) The equation for the reaction when concentrated hydrochloric acid is added to [Cu(H>0)g]%* is:
e [Cu(H>0)g]*" + 4CI" — [CuCly]* + 6H20: [1 mark]

iii) The structure of the comple

L _
|
Cu_

a” l o

Ci

EXAM PAPERS PRACTICE

Cﬂwqgh'prge; [1 mark]
@ AR PARHEARES Practice

) The change in coordination number is:

« 6104 [1 mark]

[Total: 5 marks]

¢ Ligands allhave atleast one lone pair of electrons to form a coordinate bond
o Theterm ‘mono’ specifically indicates that one lone pair of electrons are involved
¢ |ntheligandsubstitution reaction, the six waterligands are replaced by four chloride ions
o The original shape of the complex was octahedral due to the six bonding pairs to the
waterligands
o The shape of the complex formed with chloride ligands is tetrahedral as it has four
bonding pairs of electrons around the central metalion
o Asthechlorideionislarger than water a changein coordination numberis observed

For more help visit our website https://www.exampaperspractice.co.uk/
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i) The overall equation for the reaction:

- 502 +]f2D2 — 503
OR
250, +05— 2S0=: [1mark]

i) V205 is acatalyst because:
e [ttakespartinthe reactionbutitis reformed/notusedup; [1mark]

iii)V-0Osisabletoactasaca

* |t hasvariable oxidation es: [l

[Total: 3 marks]

ld be combined

¢ Togenerate the overall r@a@¢tion equationt
o 802+V205+V25z a—* SD3+V204+V255
o Anything present o t- V2;05andV;04
e Catalystsspeeduptherateofare n by providing an alternative pathway with lower
activationenergy - whilst they ta rtthey are notused up, usually because they are
regenerated

EXAM PAPERS"PRACTICE
Copyright
ICTHie i dleEtoniriqopfiggation dPamirehn(ifHon:
e 1522522p53523p83d5: [1 mark]
ii) The shape, and the bond angle of the hexaaquairon(ll) complex:

* Octahedral; [1 mark]
e 907 [1 mark]

[Total: 3 marks]

* The iron(ll) ion will have lost two electrons from the atom configuration, losing the two electrons
from the 4s subshell

* The complex is octahedral as there are 6 bonding pairs of electrons around the central atom
which repel each other equally

* The bond angle within an octahedral molecule is 90°

For more help visit our website https://www.exampaperspractice.co.uk/
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Answer 3.

a) Transition metals exhibit variable oxidation numbers in contrast to the elements in Group 1 as:

Transition metals:

e (Contain)d ands orbitals which are close in energy
OR
(Successive)ionisation energies increase gradually; [1mark]

In Group 1elements/ alkalimetals:

e The secondelectronisr (m
OR
The removal of the seco lectron requir inionisation energy: [1
mark]

[Total: 2 marks]

* Youshouldbeabletod rm variable oxidation

numbers in terms of successiveio ion energies
e Thisisincontrasttothe s-block s, which have only one fixed oxidation number
o Forexample, calciumis analkaline earth metal and occurs with a +2 oxidation number

EXAM-PEARPERS.PRACTICE
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b) The completed table is:

ion [Cr(Hz0)g]** [Co(NHz)6]*" [Cr(OH)e]* Mn;O3
oxidation
+3;[1mark] +2; [ITmark] +3;[1mark] +3;[1Tmark]
number

[Total: 4 marks]

* Youshould be able to deduce the oxidation number of a transitionelement in acomplexion
given the overall charge
o Careful: Examiners willd
s For[Cr(H;0)4]**
o Cr+(6xH;0O)=+3
o Cr+(6x0)=+3
o Cr=+3
s For[Co(NHz)s]**
o Co+(6xNHz)=+2
o Co+(6x0)=+2
o Co=+2

EXAM -PAPERS PRACTICE

o Cr+{6x-1)=-3

Copyaght
@ ?ﬂﬁﬂ?‘&mm Papers Practice

o (2xMn)+(3x0)=0
2xMn)+ (3x-2)=0
(2xMn)+(-6)=0
Mn=+3

ctoften marks for writing 2+ rath n+2 forexample

[ s B =]

For more help visit our website https://www.exampaperspractice.co.uk/
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c)
i) The full electronic configuration for the metal ions are:

o [Zn(H>0)61%" : 152 252 2p® 352 3p® (459) 3d'9: [ mark]
o [Co(H;0):1%* 152252 2p% 352 3p® (459) 3d” : [1 mark]

i) Znis not classed a transition element because:

e Italsoforms only oneion, Zn?*
OR
Zn?*ionhas a complete

[Total: 3 marks]

e Remember
o Whenwriting the fu
o The 4sshellnot onl
e Eventhoughzinc forms

e Thisis becauseitcanonly formon and the 3d shellis full, not partially full

EXAM PAPERS PRACTICE

Answer 4.
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a) The completed table should look as follows:

lon [Cu(Cl)1? [Fe(H;0)4]3" Cr, 072

Oxidation state +2:[1 mark] +3: [Tmark] +6: [1mark]

[Total: 3 marks]

* Youshouldbe able to deduce the oxidation number of a transition element in a complexion
giventhe overall charge and ligands present
* Be careful asexaminers m rthan +2 forexample
s ForCry072
(2xCrn+(7xQ)=-2
2xCrn+(7x-2)=-2
(2xCr+(-14)=-2
(2xCr)=+12
o Cr=+6
e For[Cu(Cl4)]?
o Cu+(4xCh=-2
o Cu+(dx-1=-2

EXAM PAPERS PRACTICE

o o o o

Cﬂp:yﬁg-lrﬁangD} =+3
© 2078 TYai Papers Practice
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b)
i) The electron configuration of the manganese(lll)ion in EUK-134 is:

o 15225%2p3523po3d*
OR
[Ar]3d*: [1mark]

ii) The name given to species that bond to a central metalion and the type of bond present are:

e The name givenis ligand; [1 mark]

e Thetypeof bond prese rdi

[Total: 3 marks]

134 is
is in the +3 oxi
f manganese is [Ar]3d°4s?

¢ We aretoldinthe questi anese (lll)
e This means that mangan
e Theelectron configurati
¢ Bothelectronsarelostf
¢ The bondformed is a dative/coordj

the ligand

EXAM PAPERS PRACTICE

@W@h@perties that are involved in EUK-134 rapidly decreasing the concentration of

BYIPAEYEAT Papers Practice

o Avariable oxidation state/number
OR
Acts as areducing agent; [ mark]
e Catalytic properties; [ mark]

rom the 3d orbital
e bond as both the electrons in the bond come from

[Total: 2 marks]

+ ‘Youshould be able to apply the properties of transition metals rather than just memorising
them

¢ Having avariable oxidation state allows transition elements to act asreducing agentsin
redox reactions with the oxidising agents mentioned above

e The catalytic properties of transition elements will allow EUK-134 to speed up the reaction
and decrease the concentration of oxidising agents rapidly
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