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13.1.1Transition Elements /

Your notes
Transition Elements

= Transition metals are elements with anincomplete d-subshell or that can form atleast one stable
cationwithanincomplete d-subshell

= This definition distinguishes them from d-block elements, because scandium and zinc do not fit the
definition

= Scandium only forms the ion S¢3*, configuration [Ar] 3d°
= Zinc only forms the ion ZnZ*, configuration [Ar] 3d10

= The elements of the first transition series are therefore titanium to copper

d—BLOCK ELEMENTS
A

SCITi|V|[Cr|Mn| Fe[Co| Ni | CulZn
s—BLOCK p—BLOCK

—_ ~— )

TRANSITION ELEMENTS

The transition elements and the d-block elements

Electron Configuration

= Thefull electronic configuration of the first d-series transition metals is shownin the table below

= Following the Aufbau Principle electrons occupy the lowest energy subshells first

= The 4soverlaps with the 3d subshell so the 4s s filled first

= Rememberthatyou canabbreviate the first five subshells, 1s-3p, as [Ar] representing the configuration
of argon (known as the argon core)

Table showing the electronic configuration of the first d-series transition elements
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Electronic Configuration

Ti 1s2 252 2p¢ 352 3pé 3d° 4s2
V 1s2 252 2pf 3s2 3pé 3d° 4s2
Cr 1s2 252 2pb 3s2 3ps 3d° 4s'
Mn 1s2 252 2pS 3s2? 3p6 3d° 4s2
Fe 1s2 2g2 2p° 352 3pf 3d° 4s2
Co 1s2 252 2p6 3s2 3ps 3d’ 4s2
Ni 1s2 252 2p® 3s2 3p® 3d° 4s2
Cu 1s2 252 2p¢ 3s2? 3ps 3d™ 4s

From your previous studies in chemistry, you should recall there are two exceptions to the Aufbau
Principle in the first row of d-block, chromium and copper
Inboth cases anelectronis promoted from the 4s to the 3d to achieve a half full and full d-subshell,
respectively
Chromium and copper have the following electron configurations, which are different to what you may
expect:

= Cris[Ar] 3d® 4s' not [Ar] 3d* 452

» Cuis[Ar]3d'0 4s'not [Ar] 3d” 4s?

Thisis because the [Ar] 3d° 4s' and [Ar] 3d'C 4s! configurations are energetically more stable and are
preferred configurations
When forming cations, remove the 4s electrons first
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@ Worked example
Writing electronic configuration of transition elementions
State the full electronic configuration of the manganese(lll) ion
Answer
Step 1: Write out the electron configuration of the atom first:
Mn atomic number = 25
1522522p%3523p%4523d5
2+2+6+2+6+2+5=25¢electrons
Step 2: Subtract the appropriate number of electrons starting from the 4s subshell
Mn(lll) =22 electrons

1522522p%3523p63d4

General properties

= Although the transition elements are metals, they have some properties unlike those of other metals
onthe periodic table, such as:
= Variable oxidation states
= Formcomplexions
= Form coloured compounds
= Behave as catalysts
= Have magnetic properties

Variable Oxidation States

= |Like othermetals onthe periodic table, the transition elements will lose electrons to form positively
chargedions
= However, unlike other metals, transition elements can form more than one positive ion
= They are said to have variable oxidation states

= Because of this, Roman numerals are used to indicate the oxidation state on the metal ion
= Forexample, the metal sodium (Na) will only form Na*ions (nho Roman numerals are needed, as the
ion formed by Na will always have an oxidation state of +1)
= The transition metaliron (Fe) can form Fe2* (Fe(ll)) and Fe3+ (Fe(lll)) ions

Forming Complex lons
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= Another property of transition elements caused by their ability to form variable oxidation states, is their
ability to form complexions

= Acomplexionisamolecule orion, consisting of a central metal atom orion, with a number of
molecules orions surrounding it

= Amolecule orion surrounding the central metal atom orionis called aligand

= Due to the different oxidation states of the central metalions, a different number and wide variety of
ligands can form bonds with the transition element

= Forexample, the chromium(lll)ion can form [Cr(NH3)¢]3*, [Cr(OH)g]3~ and [Cr(H20)¢]3* complexions

Forming coloured compounds

= Anothercharacteristic property of transition elements is that their compounds are often coloured
= Forexample, the colour of the [Cr(OH)¢]3~ complex (where oxidation state of Cris +3) is dark green
= Whereas the colour of the [Cr(NH3)4]3* complex (oxidation state of Cris still +3) is purple

Transition elements as catalysts

= Since transition elements can have variable oxidation states, they make excellent catalysts

= During catalysis, the transition element can change to various oxidation states by gaining electrons
from or donating electrons to reagents within the reaction

= Substances canalso be adsorbed onto their surface and activatedin the process

Magnetic Properties

= Materials are classified as diamagnetic, paramagnetic or ferromagnetic according to theirbehaviour
when placedin an external magnetic field
= Transition metals exhibit these properties depending on their electronic configurations
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13.1.2 Variable Oxidation States

Variable Oxidation States

= Whentransition elements formsions they lose electrons from the 4s subshell first
= Thisis because when the orbitals are occupied, the repulsion between electrons pushes the 4sinto a
higher energy state so that it now becomes slightly higherin energy than the 3d subshell
= The4sisnow the outershellandloses electrons first

= Theloss of the 4s electrons means that +2 is a common oxidation state in transition metals
= Thereasonwhy the transition metals have variable oxidation states all comes down to energy

Table showing the the common oxidation states of transition elements

Transition element Common oxidation states

Ti +2,+3,+4

\ O3, 4, 5

Cr +2, +3,+6

Mn SR R0, -+

Fe +2,+3

Co S

Ni +2, +3,+4

Cu +1,+2
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lonisation energies for the removal of successive electrons in titanium and vanadium

= We cansee from the graph that the first few ionisation energies are relatively small and relatively close
together

= This means that the energy difference associated with removing a small number of electrons enables
transition metals to vary their oxidation state with ease

= The+2and +3 oxidation state is shown by all the transition elements although the +3 state is more
stable up to chromium and the +2 state more stable in the later elements

= Transition metalions with oxidation state +3 and above tend to be polarising and have a degree of
covalent characterin the bonds they form. The ions have a high charge density and pull electrons
towards themselves

= The maximum oxidation state possible corresponds the total number of electronsin the 4s and 3d
which reaches a maximum at manganese

= Anexample youmay be familiar with is the manganate(VIl)ion, MnO 4~ whichis a powerful oxidising
agent

©O Examiner Tip

Common oxidation charges on transition metal ions are givenin section 9 of the data booklet, and
common oxidation states are givenin section 14.
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13.1.3 Complexlons ,

Your notes

Complexlons

= Transition elementions can form complexes which consist of a central metal ion and ligands
= Aligandisamolecule orion that forms a co-ordinate bond with a transition metal by donating a pair of

electrons to the bond
= Thisis also the definition of a Lewis base

= This meansligands have a negative charge or alone pair of electrons capable of being donated
= This definition may seem familiar: aligandis the same as a nucleophile

= Differentligands can form different numbers of dative bonds to the central metalionina complex
= Someligands canformone co-ordinate bond to the central metalion
= Otherligands can form two co-ordinate bonds, and some can form multiple dative bonds

= Co-ordination numberis number of co-ordinate bonds to the central metal atom orion

Common Ligands

= Watermolecules frequently act as ligands. Each water molecule makes a single bond with the metal ion
using one of the lone pairs on the oxygen atom
= Thelone pairis donated to the partially filled d-subshell of the transition metalion

Table showing examples of common monodentate ligands

Name of Ligand Formula of Ligand

Water H,O
Ammonia NH,
Chloride CL

Cyanide CN™
Hydroxide OH™

Representing complexions
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= Square brackets are used to group together the ligands and metal ionin arepresentation of the
geometrical arrangement

= The overall charge onthe complexionis the sum of the oxidation states of all the species present

= [ftheligands are neutral then the overall charge will be the same as the oxidation state of the metalion

4

Your notes

— — 2+
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Examples of complexes with monodentate ligands

Co-ordination number

= The coordination numberis the number of coordinate bonds to the metalions
= Thisnumber can be the same as the number of ligands if they are monodentate, butit could be
differentif bi- ormultidentate ligands are present

Naming complexes

= Complexes are named in the following way
= |fthe overallionis a cation thenthe nomenclatureis:

Prefix for number of ligands/ligand name/element/oxidation number

= The prefixes are the same ones used in organic chemistry: di, tetra, hexa for 2,4 & 6 respectively (3&5
arerarely encountered except in mixed ligand complexes)

Page 9 of 28

©2015-2024 Save My Exams, Ltd. - Revision Notes, Topic Questions, Past Papers



https://www.savemyexams.com/?utm_source=pdf
https://www.savemyexams.com/

= [ftheoverallionis ananion, the name of elementis modified to have the name ending 'ate' and

sometimes Latin word stems are used

= Using the examplesintheillustration above, the names are:

= tetrachlorcuprate(ll)
= hexaaquairon(ll)

= hexaamminecobalt(ll)
= tetracyanonickelate(ll)
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= cuprate(Latin - cuprum)and nickelate are usedin place of copper and nickel as they are anions
=  Ammonia takes the prefixammine as aligand, whichis spelt with a double 'm' unlike the functional

group amine

Bidentate Ligands

= Bidentate ligands can each form two co-ordinate bonds to the central metalion

= Thisisbecause eachligand contains two atoms with lone pairs of electrons

= Examples of bidentate ligands are:

= ],2-diaminoethane (HopNCH,CH,NH>,) which s also written as ‘en’

= Ethanedioateion (C2042-
oxalate)

HZ
¢ /
H(f/HN\ /NH
N N/ T \NH

N

H,

[Culen),1**

C
/ \CHz

\C/CHz

|

2+

o)
(I:I
O/ “;:=o
O: \L :0
NY S
o 1 No
o |
\C/C-‘:o
|
o)
[ColC,0p,1°"

Examples of complexes with bidentate ligands

Multidentate Ligands

= Someligands contain more than two atoms with lone pairs of electrons
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These ligands can form more than two dative bonds and are said to be multidentate or polydentate ,
ligands
An example of a multidentate ligand is EDTA“~, which is a hexadentate ligand as it forms é dative Your notes

covalent bonds to the central metalion
EDTA comes from ethylenediaminetetraacetic acid, which is rather a mouthful so EDTA is easier!

0 1%
0

O. O o /<
O 0
\i Cu2+ N -‘O-

N AN C— I: \\‘Cuf’/

- N | o
o O o

O

L O -
EDTA LIGAND COPPER (I) — EDTA
COMPLEX

Example of a polydentate ligand complex
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Deducing the Charge on a Complexlon /

Your notes
= Youcandeduce the charge onacomplexionif youknow the charges on the ligands and the oxidation

state of the transition metalion

@ Worked example

The three formulas shown are compounds of chromium(lll). What are the charges on the complexions
shown?

I [Cr(H20)6]ICl3
Il [CrCI(H20)5]Cl2.H20
Il [CrCl2(H20)4]1CI.2H0
A 0,0,0
B 1+, 2+, 3+
C 2+, 3+, 1+

D 3+,2+,1+

Answer
The correct optionisD

= The water molecules do not contribute to the charge

= The chlorideion, CI-, outside the square brackets must balance against the charge on the complex

= [Cr(H,0O):]Cls contains three chloride ions, so the charge on the complexis
3+

= [CrCI(H,0)s]Clo.H,0 contains two chloride ions outside the square bracket, so
the charge onthe complexis 2+

= [CrCly(H,0)4]Cl.2H,0 contains one chloride ion outside the square bracket, so
the charge onthe complexis 1+
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13.1.4 Catalytic & Magnetic Properties /

Your notes
Catalytic Properties

= Transition metals are often used as catalysts in the elemental form oras compounds
= The ability of transition metals to form more than one stable oxidation state means that they can
acceptandlose electrons easily
= Thisenables them to catalyse certainredox reactions. They can be readily oxidised and reduced again,
orreduced and then oxidised again, as a consequence of having a number of different oxidation states
of similar stability
= There are two types of catalyst:
= Aheterogeneous catalystisin a different physical state (phase) from the reactants
= Thereactionoccurs at active sites on the surface of the catalyst
= Anexampleisthe use of iron, Fe, in the Haber process for making ammonia

N2 (g) +3H; (9) = 2NH3(9)
= Ahomogeneous catalystisinthe same physical state (phase) as the reactants

Further Examples of transition metal catalysts
= The hydrogenation orreduction of alkenes makes use of a nickel catalyst

CH2=CH2(g) + H2 (9)— CH3CH3 (9)

= Thesamereactionisusedinthe hydrogenation of vegetable oils to form polyunsaturated fats
= The decomposition of hydrogen peroxide isacommon reactionin the study of chemical kinetics and
uses manganese(lV) oxide as the catalyst

2H,0,(g)— 2H,0 (aq) + O, (9)

Catalytic converters

= Catalytic converters are used in car exhaust boxes to reduce air pollution. They usually consist of a
mixture of finely divided platinum and rhodium supported on a ceramic base
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GASES OUT:

GO, Mg 6,
GASES IN: HONEYCOMB
CO,NO,0, STRUCTURE

(#save myexams

Diagram of a catalyst on aninert support medium in a vehicle catalytic converter

= Carbonmonoxide, nitrogen dioxide and unburnt hydrocarbons are sources of pollutionin car exhaust
= Thetransition metal catalysts facilitate the conversion of these pollutants into less harmful products

2NO(9)+2CO(g9)—N2(9)+2C0O2(9)

CH3CH,CH3(g) +502(9) —» 3CO, (9) +4H,0 (g)

= Some of the transition metals are precious metals so they can be very expensive
= |nordertominimise the cost and maximise the efficiency of the catalyst the following measures can be

taken:
= |ncreasing the surface area of the catalyst
= Coatinganinert surface medium with the catalyst to avoid using large amounts of the catalyst

= Thisis achieved by spreading the catalyst over a hollow matrix such as a honeycomb-like structure

Biological catalysts

= Many of the enzyme catalysedreactions in the body make use of homogeneous transition metal

catalysts
= Anexample of thisis haemoglobin, abbreviated to Hb, which transports oxygen around the blood
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HAEMOGLOBIN

* HEME GROUP|

ﬁ CHAIN -

The structure of haemoglobin

o ﬁ/OH HOY o
CH H,C

Ve
H,C CH,

The structure of haem

= Theiron(ll)ionisin the centre of alarge heterocyclic ring called a porphyrin
= Theironhas acoordination number of four, is square planarand can bind to one oxygen molecule
= The Hb molecule contains four porphyrinrings so each Hb can transport four oxygen molecules
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Magnetic Properties /

. . ) ] ] ] . . . Your notes
= Materials are classified as diamagnetic, paramagnetic or ferromagnetic according to their behaviour

when placedin an external magnetic field
= Diamagnetismis a property of all materials and produces a very weak opposition to an applied
magnetic field
= |tarises fromthe repulsion of electrons to the applied magnetic field

= Paramagnetism only occursin substances which have unpaired electrons
= |tproduces magnetisation proportional to the applied field and in the same direction
= Transition metal complexes show paramagnetism

= Ferromagnetism has the largest effect and produces magnetisation greater than the applied field

Diamagnetism

= The atoms of diamagnetic materials have paired electrons

= Spinning electrons create a tiny magnetic dipole

= The paired electrons orientate themselves so that the magnetic field they create opposes the external
field

= Thisresultis avery weak repulsion force

NN NN (N (TN

1s 2s 2p 3s 3p

Argon is diamagnetic with the electron configuration 1s2 2s2 2p% 3s2 3p¢

= Many molecules are diamagnetic since all the electrons are paired up inbonds

= |tisveryhardto demonstrate diamagnetism but it is possible by suspending a sample of the material
from a sensitive force meter and loweringitinto a strong horseshoe magnet - a slight change in the
force should be seen

Paramagnetism

= Paramagnetic materials are attracted to an external magnetic field
= Theunpaired electrons can be temporarily aligned to the magnetic field causing attractioninto the
field

NN INNINS N INININ] N (T
1s  2s 2p 3s 3p 4s 3d
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The electrons in titanium are arranged in their orbitals as shown. The unpaired electrons can be
temporarily aligned in an external field.

= Most of the transition metals and theirions are paramagnetic as they have unpaired electrons

= Paramagnetismincreases with the number of unpaired electrons, so it generally increases across the
d-block up to a maximum with chromium and then decreases

= Zinc hasnounpaired electrons sois not paramagnetic

4s 3d
Sc  [Ar]

Ti A

Vo [Ar] /
crtarl | q

Mn  [Ar] /

Fe  [Ar] /

Co [Ar] Mot

Ni  [Ar] q

Cu tan | 1 ’ NN
zn A | ’ N

Orbital diagrams for the first row d-block showing the number of unpaired electrons increasing up
to chromium

Ferromagnetism

= The metalsiron, cobalt and nickel show the unusual property of ferromagnetism

= The alignment of the unpaired electronsin an external field in ferromagnetic materials can be retained
so the material becomes permanently magnetised

= |f ferromagnetic materials are heated and cooled in a magnetic field, the magnetic field of the
electronsremains

= Magnetic regions within the metal that are aligned magnetically are know as domains
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= Banging orheating a permanent magnet will weaken the magnetism

Ferromagnetic materials are used to make permanent magnets which produce characteristic magnetic
field lines
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13.1.5 Colourin Transition Metals /

Your notes

Crystal Field Theory

Perception of colour

= Most transition metal compounds appear coloured. Thisis because they absorb energy
corresponding to certain parts of the visible electromagnetic spectrum

= Thecolourthatis seenis made up of the parts of the visible spectrum that aren’t absorbed

= Forexample, a green compound will absorb all frequencies of the spectrum apart from green light,
whichis transmitted

= The coloursabsorbed are complementary to the colour observed

YELLOW—ORANGE

The colour wheel showing complementary colours in the visible light region of the electromagnetic
spectrum

= Complementary colours are any two colours which are directly opposite each otherin the colour wheel
= Forexample, the complementary colour of red is green and the complementary colours of red-
violet are yellow-green

Crystal Field Theory (CFT)
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The crystal field theory is amodel based on electrostatic point charges and is used to explain colourin
transition metal compounds

In atransition metal atom, the five orbitals that make up the d-subshell allhave the same energy. The
termfor thisis degenerate

However, whenligands are attached to a transition metal ion, the electric field formed by the lone pairs
of electrons on the ligands repel the electronsin the d-subshell causing the d-orbitals to splitin energy
The dative bonding from the ligands causes the five d orbitals to splitinto two sets

These two sets are not equal in energy and are described as being non-degenerate orbitals

dyeeyr  dy2

3d AE

dy  dyz  dyy dyeye  dys

DEGENERATE 3d ORBITALS

dyz dxz dxy

SPLITTING THE d ORBITALS
TO GIVE TWO SETS OF
NON-DEGENERATE ORBITALS

Upon bonding to ligands, the d orbitals of the transition elemention split into two non-degenerate sets

of orbitals

Splitting in octahedral complexes

In octahedral complexes, there are six ligands arranged around the central metal ion

The lone pairs of the ligands repel the electrons in the x2-y2 and z2 orbitals of the metal ion more

than they repel the electronsin the 3d,,, 3d,, and 3d,, orbitals

Thisis because the 3d,,_,, and 3d,, orbitals line up with the dative bonds in the complex’s octahedral
shape

The incoming ligands are attached to or approaching the central metalion along the x, y and zaxes, and
the 3d,,_,, and 3d,, orbitals have lobes along these axes

The electronsin these two orbitals are closer to the bonding electrons, so there is more repulsion
This means that when the d orbitals split, the 3d,,_,, and 3d,, orbitals are at a slightly higher energy
level than the other three

The difference in energy between the non-degenerate d orbitalsis labelled as AE
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Your notes

Diagram showing the shapes and orientation of the five d-orbitals

Absorption of light

When white light passes through a solution of aqueous nickel(ll) sulfate an electronin the lower energy
d-orbitalsis excited and jumps up into the higher energy d-orbitals

Aphoton of red lightis absorbed and light of the complementary colour (green)is transmitted

This is why nickel(ll) sulfate solution appears green

The energy of the separationis AE corresponding to a wavelength of about 630-700 nm
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NN

N

|

NiZ* (...3d%)

DEGENERATE 3d ORBITALS

Electron promotion in a Ni(ll) complex when light shines on the solution

dxz_yz dzz

AE

NI N

dyz dxz

N

SPLITTING OF THE DEGENERATE

d ORBITALS INTO TWO SETS
OF NON-DEGENERATE ORBITALS

THE COMPLEX ABSORBS ENERGY
WHICH CORRESPONDS TO aE
CAUSING THE PROMOTION OF
AN ELECTRON TO AN ORBITAL
WHICH IS HIGHER IN ENERGY

N
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O Examiner Tip /

Your notes
The colourwheelis givenin Section 17 of the Data booklet, so thereisno need to learnit. There are

different splitting patterns possible but you are only required to know the octahedral splitting pattern
discussed above.
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Factors Affecting Colour
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Your notes

= The size of the splitting energy AE in the d-orbitals is influenced by the following four factors:
= The size and type of ligands
= The nuclear charge and identity of the metalion

= The oxidation state of the metal

= The shape of the complex

N e N o
| — N
[Cr(H,0)1%* [Fe(H,0),1°" [Co(H,0),1*" [Ni(H,0),1%" [Cu(H,0),0%"
[CrOH),1* [CrNH>" | [LCUNH)(H,0,7" | | 1CoCt,1*” [Co(NHZ),12"

The large variety of coloured compounds is a defining characteristic of transition metals

Size and type of ligand

= The nature of the ligandinfluences the strength of the interaction between ligand and central metal ion

= Ligandsvaryintheir charge density

= The greater the charge density; the more strongly the ligandinteracts with the metalion causing
greater splitting of the d-orbitals
= Thefurtheritis then shifted towards the region of the spectrum where it absorbs higher energy
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= Asaresult, adifferent colour of lightis absorbed by the complex solutionand a ,
different complementary colouris observed
= This means that complexes with the same transition elements ions, but different ligands, can have Your notes

different colours
= Forexample, the [Cu(H,0)4]?* complexhas a light blue colour
= Whereas the [Cu(NHz)4 (H,0),]2* has a dark blue colour despite the copper(ll)ion having an
oxidation state of +2 in both complexes

N /

N

[Cu(H,0)1** [Cu(NH,),(H,0,1%*

Ligand exchange of the water ligands by ammonia ligands causes a change in colour of the copper(ll)
complex solution

= Ammonia has a greater charge density than water and so produces alarger split in the d-orbitals

KEY:
— = [Cu(H,0),0*"
— = [CulNH,), (H,00,1**

ABSORBANCE

400 500 600 700 800 900
WAVELENGTH (nm)

Graph showing the replacement of the water molecules with four ammonia molecules causes a shiftin
maximum absorbance towards shorter wavelength

The nuclear charge
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The strength of the attraction between the metalion and lone pairs of electrons from the ligand can ,

vary depending on the effective nuclear charge on the metalion

Forexample, aqueous Mn(ll) and Fe(lll) have the same electronic configuration: Your notes
[Ar] 3d°

Mn(ll) (Z=25) absorbs in the greenregion of the spectrum so appears pink
The higher effective nuclear charge on Fe(lll) (Z= 26) causes a stronger interaction with the ligands, so it
absorbsin the higher energy blue part of the spectrum and appears yellow/orange in colour

Oxidation state

When the same metalisin a higher oxidation state that will also create a strongerinteraction with the
ligands
If youcompare iron(ll) andiron (Ill):

s [Fe(H,0)4]2*+ absorbsinthe red region and appears green

= But, [Fe(H,0)¢]3*absorbs in blue region and appears orange

Shape

The change of colourina complexis also partly due to the change in coordination number and
geometry of the complexion

The splitting energy, AE, of the d-orbitals is affected by the relative orientation of the ligand as well as
the d-orbitals

Changing the coordination number generally involves changing the ligand as well, soitis a combination
of these factors that alters the strength of the interactions
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The Spectrochemical Series /’

Your notes
= The Japanese chemist, R. Tuschida, proposed a ranking of ligands base on their ability to separate the

two sets of d-orbitals

= Thisis known as the spectrochemical series

= The higher the charge density of the ligand; the more strongly itinfluences the splitting of the d-
orbitals so the greater the energy difference between them

Table showing the spectrochemical series for common ligands

Separation Weakest I jf> Strongest
energy, AE field field
Wavelength, A | Longest <Ir* I | Shortest

= Youcansee at eitherend of the series liesiodide ions, I", and carbon monoxide, CO
= |odideions are large (think how many electron shells they have) so they have arelative low charge
density and produce the weakest electric field so the separation energy of the d-orbitals is the
smallestinthe series
= Chlorideions, ClI7, onthe other hand are smaller, have a higher charge density and consequently
produce alarge separation energy
= However, size isnot the only factor as carbon monoxide and cyanide ions produce alarger splitting due
to complexinteractions involving the pi bonds presentin those molecules; those interactions occur
when electronsin the d-orbitals of the transition metal interact with electronsin the p-orbitals of the
ligands
= Youshould be able to see why adding ammonia to aqueous copper(ll) ions results in a darker blue
complex
= Ammoniais astrongerligand than water so the separation energy is larger and the wavelength of
absorbed light shorter
= Shorter wavelength means moving towards to bluer higher energy end of the visible spectrum

O Examiner Tip

You do notneedto learn the spectrochemical series as it is givenin the data bookletin section15. Alist
of polydentate ligands is also given in the data booklet in section 16.
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