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13.1.1 Transition Elements

Transition Elements

Transitio n metals are elements with an inco mplete d-subshell o r that can fo rm at least o ne stable

catio n with an inco mplete d-subshell

This de�nitio n distinguishes them fro m d-blo ck elements, because scandium and z inc do  no t �t

the de�nitio n

Scandium o nly fo rms the io n Sc , co n�guratio n [Ar] 3d

Zinc o nly fo rms the io n Z n , co n�guratio n [Ar] 3d

The elements o f the �rst transitio n series are therefo re titanium to  co pper

The transition elements and the d-block elements

Elect ron Con�gurat ion

The full electro nic co n�guratio n o f the �rst d-series transitio n metals is sho wn in the table belo w

Fo llo wing the Aufbau Principle electro ns o ccupy the lo west energy subshells �rst

The 4s o verlaps with the 3d subshell so  the 4s is �lled �rst

Remember that yo u can abbreviate the �rst �ve subshells, 1s-3p, as  [Ar] representing the

co n�guratio n o f argo n (kno wn as the argo n co re)

Table sho wing the electro nic co n�guratio n o f  the �rst d-series transitio n elements

3+ 0

2+ 10
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Fro m yo ur previo us studies in chemistry, yo u sho uld recall there are two  exceptio ns to  the

Auf bau Principle  in the �rst ro w o f d-blo ck, chro mium and co pper

In bo th cases an electro n is pro mo ted fro m the 4s to  the 3d to  achieve a half full and full d-

subshell, respectively

Chro mium and co pper have the fo llo wing electro n co n�guratio ns, which are di�erent to  what

yo u may expect:

Cr is [Ar] 3d  4s no t  [Ar] 3d  4s

Cu is [Ar] 3d  4s no t  [Ar] 3d  4s

This is because the [Ar] 3d  4s  and [Ar] 3d  4s co n�guratio ns are energetically mo re stable and

are preferred co n�guratio ns

When fo rming catio ns, remo ve the 4s electro ns �rst

5 1 4 2

10 1  9 2

5 1 10 1 
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Worked example

Writing electro nic co n�guratio n o f  transitio n element io ns

State the full electro nic co n�guratio n o f the manganese(III) io n

Answer

Step 1: Write o ut the electro n co n�guratio n o f the ato m �rst:

Mn ato mic number = 25

1s 2s 2p 3s 3p 4s 3d

2 + 2 + 6 + 2 + 6 + 2 + 5 = 25 electro ns

Step 2: Subtract the appro priate number o f electro ns starting fro m the 4s subshell

Mn(III) = 22 electro ns

1s 2s 2p 3s 3p 3d

General propert ies

Altho ugh the transitio n elements  are metals, they have so me pro perties unlike tho se o f o ther

metals o n the perio dic table, such as:

Variable o xidatio n states

Fo rm co mplex io ns

Fo rm co lo ured co mpo unds

Behave as catalysts

Have magnetic pro perties

Variable Oxidat ion St at es

Like o ther metals o n the perio dic table, the transitio n elements will lo se electro ns to  fo rm

po sitively charged io ns

Ho wever, unlike o ther metals, transitio n elements can fo rm mo re than o ne po sitive io n

They are said to  have variable o xidatio n states

Because o f this, Ro man numerals are used to  indicate the o xidatio n state o n the metal io n

Fo r example, the metal so dium (Na) will o nly fo rm Na  io ns (no  Ro man numerals are needed, as

the io n fo rmed by Na will always have an o xidatio n state o f +1)

The transitio n metal iro n (Fe) can fo rm Fe  (Fe(II)) and Fe  (Fe(III)) io ns

Forming Complex Ions

2 2 6 2 6 2 5

2 2 6 2 6 4

+

2+ 3+
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Ano ther pro perty o f transitio n elements caused by their ability to  fo rm variable o xidatio n states,

is their ability to  fo rm co mplex io ns

A co mplex io n is a mo lecule o r io n, co nsisting o f a central metal ato m o r io n, with a number o f

mo lecules o r io ns surro unding it

A mo lecule o r io n surro unding the central metal ato m o r io n is called a ligand

Due to  the di�erent o xidatio n states o f the central metal io ns, a di�erent number and wide

variety o f ligands can fo rm bo nds with the transitio n element

Fo r example, the chro mium(III) io n can fo rm [Cr(NH ) ] , [Cr(OH) ]  and [Cr(H O) ]  co mplex

io ns

Forming coloured compounds

Ano ther characteristic pro perty o f transitio n elements is that their co mpo unds are

o ften co lo ured

Fo r example, the co lo ur o f the [Cr(OH) ]  co mplex (where o xidatio n state o f Cr is +3) is dark

green

Whereas the co lo ur o f the [Cr(NH ) ]  co mplex (o xidatio n state o f Cr is still +3) is purple

Transit ion element s as cat alyst s

Since transitio n elements can have variable o xidatio n states, they make excellent catalysts

During catalysis, the transitio n element can change to  vario us o xidatio n states by gaining

electro ns fro m o r do nating electro ns to  reagents within the reactio n

Substances can also  be adso rbed o nto  their surface and activated in the pro cess

Magnet ic Propert ies

Materials are classi�ed as diamagnetic, paramagnetic  o r f erro magnetic  acco rding to  their

behavio ur when placed in an external magnetic �eld

Transitio n metals exhibit these pro perties depending o n their electro nic co n�guratio ns

3 6
3+

6
3−

2 6
3+

6
3−

3 6
3+
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13.1.2 Variable Oxidation States

Variable Oxidation States

When transitio n elements fo rms io ns they lo se electro ns fro m the 4 s  subshell �rst

This is because when the o rbitals are o ccupied, the repulsio n between electro ns pushes

the 4 s  into  a higher energy state so  that it no w beco mes slightly higher in energy than

the 3d  subshell

The 4 s  is no w the o uter shell and lo ses electro ns �rst

The lo ss o f the 4 s  electro ns means that +2  is a co mmo n o xidatio n state  in transitio n metals

The reaso n why the transitio n metals have variable o xidatio n states all co mes do wn to  energy

Table sho wing the the co mmo n o xidatio n states o f  transitio n elements

Ionisation energies for the removal of successive electrons in titanium and vanadium

We can see fro m the graph that the �rst few io nisatio n energies are relatively small and relatively

clo se to gether

This means that the energy di�erence asso ciated with remo ving a small number o f electro ns

enables transitio n metals to  vary their o xidatio n state with ease

The +2 and +3 o xidatio n state is sho wn by all the transitio n elements altho ugh the +3 state is mo re

stable up to  chro mium and the +2 state mo re stable in the later elements

Transitio n metal io ns with o xidatio n state +3 and abo ve tend to  be po larising and have a degree

o f co valent character in the bo nds they fo rm. The io ns have a high charge density and pull

electro ns to wards themselves

The maximum o xidatio n state po ssible co rrespo nds the to tal number o f electro ns in the 4s and

3d which reaches a maximum at manganese

An example yo u may be familiar with is the manganate(VII) io n, MnO which is a po werful

o xidising agent

4
- 
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13.1.3 Complex Ions

Complex Ions

Transitio n element io ns can fo rm co mplexes which co nsist o f a central metal io n and ligands

A ligand is a mo lecule o r io n that fo rms a co -o rdinate bo nd with a transitio n metal by do nating a

pair o f electro ns to  the bo nd

This is also  the de�nitio n o f a Lewis base

This means ligands have a negative charge o r a lo ne pair o f electro ns capable o f being do nated

This de�nitio n may seem familiar: a ligand is the same as a nucleo phile

Di�erent ligands  can fo rm di�erent numbers o f dative bo nds to  the central metal io n in a

co mplex

So me ligands can fo rm o ne  co -o rdinate bo nd to  the central metal io n

Other ligands can fo rm two  co -o rdinate bo nds, and so me can fo rm multiple  dative bo nds

Co -o rdinatio n number is number o f co -o rdinate bo nds to  the central metal ato m o r io n

Common Ligands

Water mo lecules frequently act as ligands. Each water mo lecule makes a single bo nd with the

metal io n using o ne o f the lo ne pairs o n the o xygen ato m

The lo ne pair is do nated to  the partially �lled d-subshell o f the transitio n metal io n

Table sho wing examples o f  co mmo n mo no dentate ligands

Represent ing complex ions
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Square brackets are used to  gro up to gether the ligands and metal io n in a representatio n o f the

geo metrical arrangement

The o verall charge o n the co mplex io n is the sum o f the o xidatio n states o f all the species

present

If the ligands are neutral then the o verall charge will be the same as the o xidatio n state o f the

metal io n

Examples of complexes with monodentate ligands

Co-ordinat ion number

The co o rdinatio n number is the number o f co o rdinate bo nds to  the metal io ns

This number can be the same as the number o f ligands if they are mo no dentate, but it co uld be

di�erent if bi- o r multidentate ligands are present

Naming complexes

Co mplexes are named in the fo llo wing way

If the o verall io n is a catio n then the no menclature is:
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Pre�x f o r number o f  ligands/ligand name/element/o xidatio n number

The pre�xes are the same o nes used in o rganic chemistry: di, tetra, hexa fo r 2, 4 & 6 respectively (3

& 5 are rarely enco untered except in mixed ligand co mplexes)

If the o verall io n is an anio n, the name o f element is mo di�ed to  have the name ending 'ate' and

so metimes Latin wo rd stems are used

Using the examples in the illustratio n abo ve, the names are:

tetrachlo rcuprate(II)

hexaaquairo n(II)

hexaammineco balt(II)

tetracyano nickelate(II)

No tice in these examples that

cuprate( Latin - cuprum) and nickelate are used in place o f co pper and nickel as they are

anio ns

Ammo nia takes the pre�x ammine as a ligand, which is spelt with a do uble 'm' unlike the

functio nal gro up amine

Bident at e Ligands

Bidentate  ligands can each fo rm two  co -o rdinate bo nds to  the central metal io n

This is because each ligand co ntains two  ato ms with lo ne pairs o f electro ns

Examples o f bidentate ligands are:

1,2−diamino ethane (H NCH CH NH ) which is also  written as ‘en’

Ethanedio ate io n (C O ) which is so metimes written as ‘o x’ (co ming fro m the co mmo n

name o f o xalate)

2 2 2 2

2 4
2− 
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Examples of complexes with bidentate ligands

Mult ident at e Ligands

So me ligands co ntain mo re than two  ato ms with lo ne pairs o f electro ns

These ligands can fo rm mo re than two  dative bo nds and are said to  be multidentate  o r

po lydentate  ligands

An example o f a multidentate ligand is EDTA , which is a hexadentate ligand as it fo rms 6 dative

co valent bo nds to  the central metal io n

EDTA co mes fro m ethylened iaminetetraacetic acid, which is rather a mo uthful so  EDTA is easier!

Example of a polydentate ligand complex

4−
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Deducing the Charge on a Complex Ion

Yo u can deduce the charge o n a co mplex io n if yo u kno w the charges o n the ligands and the

o xidatio n state o f the transitio n metal io n

Worked example

The three fo rmulas sho wn are co mpo unds o f chro mium(III). What are the charges o n the co mplex

io ns sho wn?

I   [Cr(H O) ]Cl

II   [CrCl(H O) ]Cl .H O

III   [CrCl (H O) ]Cl.2H O

A    0 , 0 , 0

B   1+, 2+, 3+

C   2+, 3+, 1+

D   3+, 2+, 1+

Answer

The co rrect o ptio n is D

The water mo lecules do  no t co ntribute to  the charge

The chlo ride io n, Cl , o utside the square brackets must balance against the charge o n the

co mplex

[Cr(H O) ]Cl contains three chloride ions, so the charge on the complex is

3+

[CrCl(H O) ]Cl .H O contains two chloride ions outside the square bracket, so

the charge on the complex is 2+

[CrCl (H O) ]Cl.2H O contains one chloride ion outside the square bracket, so

the charge on the complex is 1+

2 6 3

2 5 2 2

2 2 4 2

-

2 6 3  

2 5 2 2

2 2 4 2
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13.1.4 Catalytic & Magnetic Properties

Catalytic Properties

Transitio n metals are o ften used as catalysts in the elemental fo rm o r as co mpo unds

The ability o f transitio n metals to  fo rm mo re than o ne stable o xidatio n state means that they can

accept and lo se electro ns easily

This enables them to  catalyse certain redo x reactio ns. They can be readily o xidised and reduced

again, o r reduced and then o xidised again, as a co nsequence o f having a number o f di�erent

o xidatio n states o f similar stability

There are two  types o f catalyst:

A hetero geneo us  catalyst is in a di�erent physical state (phase) fro m the reactants

The reactio n o ccurs at active sites o n the surface o f the catalyst

An example is the use o f iro n, Fe, in the Haber pro cess fo r making ammo nia

N  (g) + 3H  (g) ⇌ 2NH  (g)

A ho mo geneo us  catalyst is in the same physical state (phase) as the reactants

Further Examples o f  transitio n metal catalysts

The hydro genatio n o r reductio n o f alkenes makes use o f a nickel catalyst

CH =CH (g) + H  (g) → CH CH  (g)

The same reactio n is used in the hydro genatio n o f vegetable o ils to  fo rm po lyunsaturated fats

The deco mpo sitio n o f hydro gen pero xide is a co mmo n reactio n in the study o f chemical

kinetics and uses manganese(IV) o xide as the catalyst

2H O (g) →  2H O (aq) + O  (g)

Cat alyt ic convert ers

Catalytic co nverters are used in car exhaust bo xes to  reduce air po llutio n. They usually co nsist o f

a mixture o f �nely divided platinum and rho dium suppo rted o n a ceramic base

2 2 3

2 2 2 3 3

2 2 2 2
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Diagram of a catalyst on an inert support medium in a vehicle catalytic converter

Carbo n mo no xide, nitro gen dio xide and unburnt hydro carbo ns are so urces o f po llutio n in car

exhaust

The transitio n metal catalysts facilitate the co nversio n o f these po llutants into  less harmful

pro ducts

2NO (g) + 2CO (g) → N  (g) + 2CO  (g)

CH CH CH  (g) + 5 O  (g) → 3CO  (g)  + 4H O (g)  

So me o f the transitio n metals are precio us metals so  they can be very expensive

In o rder to  minimise the co st and maximise the e�ciency o f the catalyst the fo llo wing measures

can be taken:

Increasing the surface area o f the catalyst

Co ating an inert surface medium with the catalyst to  avo id using large amo unts o f the

catalyst

This is achieved by spreading the catalyst o ver a ho llo w matrix such as a ho neyco mb-like

structure

Biological cat alyst s

2 2

3 2 3 2 2 2
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Many o f the enz yme catalysed reactio ns in the bo dy make use o f ho mo geneo us transitio n metal

catalysts

An example o f this is haemo glo bin, abbreviated to  Hb, which transpo rts o xygen aro und the blo o d

The structure of haemoglobin
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The structure of haem

The iro n(II) io n is in the centre o f a large hetero cyclic ring called a po rphyrin

The iro n has a co o rdinatio n number o f fo ur, is square planar and can bind to  o ne o xygen mo lecule

The Hb mo lecule co ntains fo ur po rphyrin rings so  each Hb can transpo rt fo ur o xygen mo lecules
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Magnetic Properties

Materials are classi�ed as diamagnetic, paramagnetic  o r f erro magnetic  acco rding to  their

behavio ur when placed in an external magnetic �eld

Diamagnetism is a pro perty o f all materials and pro duces a very weak o ppo sitio n to  an applied

magnetic �eld

It arises fro m the repulsio n o f electro ns to  the applied magnetic �eld

Paramagnetism o nly o ccurs in substances which have unpaired electro ns

It pro duces magnetisatio n pro po rtio nal to  the applied �eld and in the same directio n

Transitio n metal co mplexes sho w paramagnetism

Ferro magnetism has the largest e�ect and pro duces magnetisatio n greater than the applied

�eld

Diamagnet ism

The ato ms o f diamagnetic materials have paired electro ns

Spinning electro ns create a tiny magnetic dipo le

The paired electro ns o rientate themselves so  that the magnetic �eld they create o ppo ses the

external �eld

This result is a very weak repulsio n fo rce

Argon is diamagnetic with the electron con�guration 1s  2s  2p  3s  3p

Many mo lecules are diamagnetic since all the electro ns are paired up in bo nds

It is very hard to  demo nstrate diamagnetism but it is po ssible by suspending a sample o f the

material fro m a sensitive fo rce meter and lo wering it into  a stro ng ho rsesho e magnet - a slight

change in the fo rce sho uld be seen

Param ag net ism

Paramagnetic materials are attracted to  an external magnetic �eld

The unpaired electro ns can be tempo rarily aligned to  the magnetic �eld causing attractio n into

the �eld

2 2 6 2 6

Page 15 of 24
For more help visit our website www.exampaperspractice.co.uk



The electrons in titanium are arranged in their orbitals as shown. The unpaired electrons can be

temporarily aligned in an external �eld.

Mo st o f the transitio n metals and their io ns are paramagnetic as they have unpaired electro ns

Paramagnetism increases with the number o f unpaired electro ns, so  it generally increases acro ss

the d-blo ck up to  a maximum with chro mium and then decreases

Zinc has no  unpaired electro ns so  is no t paramagnetic

The metals iro n, co balt and nickel sho w the unusual pro perty o f f erro magnetism

The alignment o f the unpaired electro ns in an external �eld in ferro magnetic materials can be

retained so  the material beco mes permanently magnetised

If ferro magnetic materials are heated and co o led in a magnetic �eld, the magnetic �eld o f the

electro ns remains

Magnetic regio ns within the metal that are aligned magnetically are kno w as do mains

Banging o r heating a permanent magnet will weaken the magnetism

Ferromagnetic materials are used to make permanent magnets which produce characteristic magnetic

�eld lines
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13.1.5 Colour in Transition Metals

Crystal Field Theory

Percept ion of  colour

Mo st transitio n metal co mpo unds appear co lo ured. This is because they abso rb energy

co rrespo nding to  certain parts o f the visible electro magnetic spectrum

The co lo ur that is seen is made up o f the parts o f the visible spectrum that aren’t abso rbed

Fo r example, a green co mpo und will abso rb all frequencies o f the spectrum apart fro m green

light, which is transmitted

The co lo urs abso rbed are co mplementary  to  the co lo ur o bserved

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

spectrum

Co mplementary co lo urs are any two  co lo urs which are directly o ppo site each o ther in the co lo ur

wheel

Fo r example, the co mplementary co lo ur o f red is green and the co mplementary co lo urs o f

red-vio let are yello w-green

Cryst al Field T heory (CFT )

The crystal �eld theo ry is a mo del based o n electro static po int charges and is used to  explain

co lo ur in transitio n metal co mpo unds

In a transitio n metal ato m, the �ve o rbitals that make up the d-subshell all have the same energy.

The term fo r this is  degenerate

Ho wever, when ligands are attached to  a transitio n metal io n, the electric �eld fo rmed by the lo ne

pairs o f electro ns o n the ligands repel the electro ns in the d-subshell causing the d-o rbitals to

split in energy

The dative bo nding fro m the ligands causes the �ve d o rbitals to  split into  two  sets
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These two  sets are no t  equal in energy and are described as being no n-degenerate o rbitals

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

of orbitals

Split t ing in oct ahedral complexes

In o ctahedral co mplexes, there are six ligands arranged aro und the central metal io n

The lo ne pairs o f the ligands repel the electro ns in the x -y  and z  o rbitals o f the metal io n mo re

than they repel the electro ns in the 3d , 3d  and 3d  o rbitals

This is because the 3d  and 3d  o rbitals line up with the dative bo nds in the co mplex’s

o ctahedral shape

The inco ming ligands are attached to  o r appro aching the central metal io n alo ng the x, y and z

axes, and the 3d  and 3d  o rbitals have lo bes alo ng these axes

The electro ns in these two  o rbitals are clo ser to  the bo nding electro ns, so  there is

mo re repulsio n

This means that when the d o rbitals split, the 3d  and 3d  o rbitals are at a slightly higher

energy level than the o ther three

The di�erence in energy between the no n-degenerate  d o rbitals is labelled as ΔE

2 2 2

yz xz , xy

x2−y2 z 2

x2−y2 z 2

x2−y2 z 2
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Diagram showing the shapes and orientation of the �ve d-orbitals

Absorpt ion of  light

When white light passes thro ugh a so lutio n o f aqueo us nickel(II) sulfate an electro n in the lo wer

energy d-o rbitals is excited and jumps up into  the higher energy d-o rbitals

 A pho to n o f red light is abso rbed and light o f the co mplementary co lo ur (green) is transmitted

This is why nickel(II) sulfate so lutio n appears green

The energy o f the separatio n is ΔE co rrespo nding to  a wavelength o f abo ut 630−700 nm
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Electron promotion in a Ni(II) complex when light shines on the solution

Exam T ip

The co lo ur wheel is given in Sectio n 17 o f the Data bo o klet, so  there is no  need to  learn it. There

are di�erent splitting patterns po ssible but yo u are o nly required to  kno w the o ctahedral

splitting pattern discussed abo ve.
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13.1.6 Factors A�ecting Colour

Factors A�ecting Colour

The siz e o f the splitting energy ΔE in the d-o rbitals is in�uenced by the fo llo wing fo ur facto rs:

T he siz e and type o f  ligands

T he nuclear charge and identity o f  the metal io n

T he o xidatio n state o f  the metal

T he shape o f  the co mplex

The large variety of coloured compounds is a de�ning characteristic of transition metals

Siz e and t ype of  ligand

The nature o f the ligand in�uences the strength o f the interactio n between ligand and central

metal io n

Ligands vary in their charge density
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The greater the charge density; the mo re stro ngly the ligand interacts with the metal io n causing

greater splitting o f the d-o rbitals

The further it is then shifted to wards the regio n o f the spectrum where it abso rbs higher energy

As a result, a di�erent co lo ur o f light is abso rbed by the co mplex so lutio n and a

di�erent co mplementary co lo ur is o bserved

This means that co mplexes with the same transitio n elements io ns, but di�erent ligands, can

have di�erent co lo urs

Fo r example, the [Cu(H O) ]  co mplex has a light blue  co lo ur

Whereas the [Cu(NH )  (H O) ]  has a dark blue  co lo ur despite the co pper(II) io n having an

o xidatio n state o f +2 in bo th co mplexes

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

complex solution

Ammo nia has a greater charge density than water and so  pro duces a larger split in the d-o rbitals

2 6
2+

3 4 2 2
2+
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Graph showing the replacement of the water molecules with four ammonia molecules causes a shift in

maximum absorbance towards shorter wavelength

T he nuclear charge

The strength o f the attractio n between the metal io n and lo ne pairs o f electro ns fro m the ligand

can vary depending o n the e�ective nuclear charge  o n the metal io n

Fo r example, aqueo us Mn(II) and Fe(III) have the same electro nic co n�guratio n:

[Ar] 3d

Mn(II) (Z=25) abso rbs in the green regio n o f the spectrum so  appears pink

The higher e�ective nuclear charge o n Fe(III) (Z= 26) causes a stro nger interactio n with the

ligands, so  it abso rbs in the higher energy blue part o f the spectrum and appears yello w/o range in

co lo ur

Oxidat ion st at e

When the same metal is in a higher o xidatio n state that will also  create a stro nger interactio n with

the ligands

If yo u co mpare iro n(II) and iro n (III):

[Fe(H O) ] abso rbs in the red regio n and appears green

But, [Fe(H O) ] abso rbs in blue regio n and appears o range

Shape

The change o f co lo ur in a co mplex is also  partly due to  the change in co o rdinatio n number and

geo metry o f the co mplex io n

The splitting energy, ΔE, o f the d-o rbitals is a�ected by the relative o rientatio n o f the ligand as

well as the d-o rbitals

Changing the co o rdinatio n number generally invo lves changing the ligand as well, so  it is a

co mbinatio n o f these facto rs that alters the strength o f the interactio ns
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The Spectrochemical Series

The Japanese chemist, R. Tuschida, pro po sed a ranking o f ligands base o n their ability to  separate

the two  sets o f d-o rbitals

This is kno wn as the spectro chemical series

The higher the charge density o f the ligand; the mo re stro ngly it in�uences the splitting o f the d-

o rbitals so  the greater the energy di�erence between them

Table sho wing the spectro chemical series f o r co mmo n ligands

Yo u can see at either end o f the series lies io dide io ns, I , and carbo n mo no xide, CO

Io dide io ns are large (think ho w many electro n shells they have) so  they have a relative lo w charge

density and pro duce the weakest electric �eld so  the separatio n energy o f the d-o rbitals is the

smallest in the series

Chlo ride io ns, Cl , o n the o ther hand are smaller, have a higher charge density and co nsequently

pro duce a large separatio n energy

Ho wever, siz e is no t the o nly facto r as carbo n mo no xide and cyanide io ns pro duce a larger

splitting due to  co mplex interactio ns invo lving the pi bo nds present in tho se mo lecules; tho se

interactio ns o ccur when electro ns in the d-o rbitals o f the transitio n metal interact with electro ns

in the p-o rbitals o f the ligands

Yo u sho uld be able to  see why adding ammo nia to  aqueo us co pper(II) io ns results in a darker blue

co mplex

Ammo nia is a stro nger ligand than water so  the separatio n energy is larger and the wavelength

o f abso rbed light sho rter

Sho rter wavelength means mo ving to wards to  bluer higher energy end o f the visible spectrum

Exam T ip

Yo u do  no t need to  learn the spectro chemical series as it is given in the data bo o klet in sectio n

15. A list o f po lydentate ligands is also  given in the data bo o klet in sectio n 16.

-

-
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