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Transition Metals /

Your notes

Transition Metals - Electronic
Configurations

= Transition metals are elements with anincomplete d-subshell that can form at least one
stableionwith anincomplete d-subshell

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

= Scandium only forms the ion Sc3*, configuration [Ar] 3d°
= Zinc only forms the ion Zn2*, configuration [Ar] 3d1°

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

d—-BLOCK ELEMENTS

L
. F
SC|Ti| V|Cr(Mn| Fe{Co| Ni | CulZn
s—BLOCK p—BLOCK
— —~ )

TRANSITION ELEMENTS

The transition elements and the d-block elements

Electron Configuration

= The full electronic configuration of the first d-series transition metalsis shownin the
table below

= Following the Aufbau Principle electrons occupy the lowest energy subshells first
= The 4soverlaps with the 3d subshell so the 4sis 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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Element Electronic Configuration Yournotes
Ti 1s2 252 2p6 3s2 3pé 3d° 4s2
Y 152 252 2p6 3s2 3ps 3d° 4s?
Cr 152 252 2pb 3s2 3pé 3d° 4s'
Mn 152 252 2p6 352 3p6 3d° 4s2
Fe 152 252 2p° 352 3p° 3d° 452
Co 152 252 2pb 352 3ps 3d7 42
Ni 1s2 252 2p® 3s? 3p® 3d° 4s2
Cu 1s2 252 2p® 3s2 3p6 3d° 45"

= From AS Chemistry you should recall two exceptions to the Aufbau Principle, chromium
and copper

= |nbothcasesanelectronis 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* 4s2
» Cuis[Ar]3d10 4s'not [Ar] 3d? 4s?

= Thisis because the [Ar] 3d° 4s'and [Ar] 3d'° 4s! configurations are energetically more
stable

o

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
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1522522p%3523p%4523d5 ,
2+2+6+2+6+2+5=25¢lectrons Your notes
Step 2: Subtract the appropriate number of electrons starting from the 4s subshell

Mn(lll) =22 electrons

1522522p%3523p43d4

General properties

Although the transition elements are metals, they have some properties unlike those of
other metals on the periodic table, such as:

= Variable oxidation states
= Formcomplexions
= Form coloured compounds

= Behave as catalysts

Oxidation Number

Like other metals on the 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 (ho Roman numerals are
needed, as the ion formed by Na will always have an oxidation state of +1)

= The transition metaliron (Fe) canform Fe?* (Fe(ll)) and Fe3+ (Fe(lll)) ions
When transition 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

The loss of the 4s electrons means that +2 is a common oxidation state in transition
metals

The reason why the transition metals have variable oxidation states all comes down to
energy

Table showing the Common Oxidation States of Transition
Elements
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Transition element  Common oxidation states Your notes

Ti +2,+3,+4

\Y +2,+3, +4,+5

Cr +2, +3,+6

Mn +2,+4,+46,+7

Fe +2,+3

Co +2,+3

Ni +2, +3,+4

Cu +1,+2
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Transition Metal Complexes ,

Your notes

Describing Complexes

= Transition elementions can form complexes which consist of a central metal
ion andligands

= Aligandisamolecule orion that forms a dative covalent / co-ordinate bond with a
transition metal by donating a pair of electrons to the bond

= Thisis the definition of a Lewis base - electron pairdonor

= 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 covalent / co-ordinate bonds to
the central metalioninacomplex

= Someligands canform one dative covalent / co-ordinate bond to the central metal
ion

= Otherligands canformtwo dative covalent / co-ordinate bonds, and some can
form multiple dative covalent / co-ordinate bonds

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

Common Ligands

= Water molecules frequently act as ligands. Each water molecule makes a single bond
with the metalion 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,0
Ammonia NH,
Chloride CL}
Cyanide CN™
Hydroxide OH™

Representing complexions
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Square brackets are used to group together the ligands and metalionina ,

representation of the geometrical arrangement
Your notes
The overall charge on the complexionis the sum of the oxidation states of all the species

present

If the ligands are neutral then the overall charge will be the same as the oxidation state of
the metalion

i H

H,0:
PN >
Cl lt Cl HO:

25

@)
T

1/:
Non

2 1 2
H,0
L _ L _
[CuCL,1* [Fe(H,0),1*"
— — 2+ — —2-

NH,

H,N: J, :NH, NC
Ny

H3N:/ T \:NH3 NC

CN

:\\ y 1/:
:/ \\:

CN
NH
L ] L |
[Co(NH 1% [NI(CN)12™

Examples of complexes with monodentate ligands

Naming complexes

Complexes are named in the following way
If the overallionis a cation then the nomenclature is:
Prefix for number of ligands/ligand name/element/oxidation number

The prefixes are the same ones usedin organic chemistry: di, tetra, hexafor2,4 & 6
respectively (3 & 5 are rarely encountered exceptin mixed ligand complexes)

If the overallionis an anion, the name of element is modified to have the name ending
'ate’ and sometimes Latin word stems are used

tetrachlorcuprate(ll)

= hexaaquairon(ll)

= hexaamminecobalt(ll)
= tetracyanonickelate(ll)

Using the examplesin theillustration above, the names are:
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= Noticeinthese examples that ,

= cuprate(Latin - cuprum) and nickelate are used in place of copperand nickel as they Your notes
are anions

= Ammonia takes the prefixammine as aligand, whichis spelt with a double 'm"unlike
the functional group amine
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Colourin Aqueousions 4
Your notes

Colourin Aqueousions

Perception of colour

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

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

= Forexample, a green compound willabsorb all frequencies of the spectrum apart from
greenlight, 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 colourwheel

= Forexample, the complementary colour of red is green and the complementary
colours of red-violet are yellow-green

Splitting of 3d energy levels

= [natransition metal atom, the five orbitals that make up the d-subshell all have the same
energy.

= lonsthathave completely filled 3d energy levels (such as Zn?*) and ions that have no
electrons in their 3d subshells (such as Sc3+) are not coloured
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Transition metals have a partially filled 3d energy level

When ligands attach to the central metalion the energy level splits into two levels with
slightly different energies

= |[f one of the electronsin the lower energy level absorbs energy from the visible
spectrum it can move to the higher energy level

= This processis known as promotion / excitation
The amount of energy absorbed depends on the difference between the energy levels
= Alargerenergy difference means the electron absorbs more energy

The amount of energy gained by the electronis directly proportional to the frequency of
the absorbed light and inversely proportional to the wavelength

dya—y2 dy:

3d - AE
dyz dnz dxv dx’—y’ dﬂ

dyx dxz dxv

Upon bonding to ligands, the d orbitals of the transition elemention splitinto sets of
orbitals with different energies

Colour Changesin Aqueousions

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

4

Your notes
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[Cr(H,0),1*" [Fe(H,0),1* [ColH,0),1%" [Ni(H,00,1% [CulH,00,1*"

AR

[Cr(OH)1* [CrNHQ 1" | [[CUlNHL(H,0,77 | | [CoCL, 1% [Co(NHZ)1*"

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

Size and type of ligand

The nature of the ligand influences the strength of the interaction betweenligand and
central metalion

Ligandsvary in their charge density

The greater the charge density; the more strongly the ligand interacts with the metalion
causing greater splitting of the d-orbitals

The furtheritis then shifted towards the region of the spectrum where it absorbs higher
energy

As aresult, a different colour of lightis absorbed by the complex solutionand a
different complementary colouris observed

This means that complexes with the same transition
elementsions, but differentligands, can have different colours

= Forexample, the [CU(H20)6]2+ complex has a light blue colour

= Whereasthe [Cu(NHz,)4(HZO)2]2+ has a dark blue colour despite the copper(ll) ion
having an oxidation state of +2 in both complexes

4

Your notes
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3 4

Your notes

2+ 2
[Cu(H,0)) [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

Oxidation number

= Whenthe same metal has a higher oxidation number that will also create a stronger
interaction with the ligands

= |fyoucompareiron(ll)andiron (lll):
= [Fe(HQO)é]Q"absorbs inthe redregion and appears green

= But, [Fe(Hzo)é]3+ absorbsin blue region and appears orange

Coordination number

= The change of colourinacomplexis 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, soiitis
acombination of these factors that alters the strength of the interactions

= Forexample, the [CU(HZO)6]2+ complexhas a light blue colour

» Whereas the [CuCl4]? has ayellow colour due to the change in the ligand and the
changein the coordination number from 6 to 4

= |npractice, there would be a change from light blue to green (due to a mixture
of bothions)to yellow

* Sincethereactionisreversible, it can also go from yellow, [CuCl4]%, to greento
light blue, [Cu(H20)¢]%*
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Your notes

_/ 4

[ [Cu(H,0),1%"

[CuCL, 1"
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Ligands

Monodentate ligands

4

Your notes

= Monodentate ligands can form only one dative bond to the central metalion

= Thisisbecause they have a single lone pair of electrons to form a dative bond with the
metalion

= Examples of monodentate ligands are:

Water (HoO) molecules
Ammonia (NHz) molecules
Chloride (CI7) ions

Cyanide (CN7)ions

Cl

|
Cu
CL/ T \CL

L _
[CuCL,1*"

— 2+
NH, ]

H,N: J, INH,
Ny
H3N1/ T \:NH3
NH
L o
[Co(NH,),1**

L _

2+
H,0 ]
> 4
L _
[Fe(H,0),1%"
— — 2_

NC:\ . /:CN
/N

NC: ‘CN

INICN)Y?

Examples of complexes with monodentate ligands

Bidentate & Multidentate Ligands
Bidentate Ligands

= Bidentate ligands can each form two dative bonds to the central metalion

= Thisis because eachligand contains two atoms with lone pairs of electrons

= Examples of bidentate ligands are:

1, SaveMyExams

1,2-diaminoethane (HopNCH,CHoNH>) whichis also written as ‘en’
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= Ethanedioate ion (C2042~) which is sometimes written as ‘ox’
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Examples of complexes with bidentate ligands

_ f,
N \/CHZ
H,N: :NH,
H cls/ N ¢ a
i 2NN /! T N iNH,
H,N
\C/CHZ
H2
L_ 2
[Culen), ™"
Multidentate Ligands

= Someligands contain more than two atoms with lone pairs of electrons

= Theseligands can form more than two dative bonds to the and are said to

be multidentate ligands

= Anexample of amultidentate ligand is EDTA%-, which is a hexadentate ligand as it forms
6 dative covalent bonds to the central metalion

HL_
=

EDTA LIGAND |

COPPER (Il) — EDTA
COMPLEX

Example of a polydentate ligand complex

1, SaveMyExams
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Ligand Exchange ,

Your notes

Exchanging Ligands

Ligand exchange (or ligand substitution) is when one ligand in a complexis replaced by
another

Ligand exchange forms a new complex thatis more stable than the original one
The ligands in the original complex can be partially or entirely substituted by others

The complexion can change its charge or remain the same depending on the ligand
involved

There are no changesin coordination number, or the geometry of the complex, if the
ligands are of a similar size

But, if the ligands are of a different size, for example water ligands and chloride ligands,
thenachangein coordination number and the geometry of the complexwill occur

Addition of a high concentration of chloride ions (from conc HCl or saturated NaCl) to an
aqueousionleads to aligand substitution reaction.

The ClI” ligand is larger than the uncharged H,O and NHzligands so therefore ligand
exchange caninvolve a change of co-ordination number

For example when concentrated hydrochloric acid is added slowly and continuously to a
copper(ll) sulfate solution the colour changes from blue to green then finally yellow

The equation for thisreactionis

[Cu(H20)s])** (aq) + 4CI" (aq) = [CuCl4)?" (aq) + 6H20 (1)
We can see that all six water ligands have beenreplaced by four chloride ions
Thisreactioninvolves a change in coordination numberfrom éto 4

Note that despite the charge on the complex changing from +2 to -2, there has beenno
change in oxidation number of the copper

We can also see that thisreactionis reversible, which helps to explain the observed
colourchange

= The hexaaquacopper(ll)ionis blue
= Thetetrachlorocuprate(ll)ionis yellow
= The green colouris due to a mixture of the blue and yellow complexions

Assimilarreaction also takes place with cobalt resulting in a blue solution and achange in
coordination number from 6 to 4

[Co(H20)s]?* (aq) + 4CI~ (aq) = [CoCl4]? (aq) + 6H20 (1)

=
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Examiner Tips and Tricks /’

Be careful: If solid copper chloride (or any other metal) is dissolved in water it forms Your notes
the aqueous [Cu(H20)¢]%* complex and not the chloride [CuCl4 ]2~ complex

Entropy & Stability

= Thereplacement of monodentate ligands with bidentate and multidentate ligandsin
complexionsis called the chelate effect

= Itisanenergetically favourable reaction, meaning that AG= is negative
= Thedriving force behind the reactionis entropy

= The Gibbs equationreminds us of the link between enthalpy and entropy:

AGF = AHreactiong = TASsystem

= Reactionsinsolution between aqueousions usually come with relatively small enthalpy
changes

= However, the entropy changes are always positive in chelation because the reactions
produce a netincrease in the number of particles

= Asmallenthalpy change and relative large positive entropy change generally ensures
that the overall free energy change is negative

= Forexample, when EDTA chelates with aqueous cobalt(ll) two reactants becomes seven
product species

[Co(H,0)1?%* (aq) + EDTA%- (aq) — [COEDTA]?- (aq) + 6H,0 (1)

0 5

- (0]
0) o] H‘\ ) O /<
y Co=t N 3
C

-0

N/\/Nk CE— [ ’:jlo

o. N O
HO o) o
o 0]
. O _—
EDTA LIGAND | COBALT (Ih— EDTA
COMPLEX

The ligand EDTA readily chelates with aqueous transition metal ions in an energetically
favourable reaction
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Octahedral & Tetrahedral Complexes

4

Your notes

Octahedral & Tetrahedral Complexes

= Octahedral complexes are formed when a central metal atom orion forms six

coordinate bonds

= This could be six coordinate bonds with six small, monodentate ligands

= Examples of such ligands are water and ammonia molecules

and hydroxide and thiocyanate ions

= Asthere are sixligands, these complexes are sometimes described as having six-

fold coordination

Table Showing Examples of Common Monodentate Ligands

Name of Ligand Formula of Ligand

Water H,0
Ammonia NH,
Chloride ClL;
Cyanide CN™

Hydroxide OH™

H,O

HZO\J, /O
Ho/’¢‘\OH

[Fe(H,0),1%"
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Example of an octahedral complex with monodentate ligands

It could be six-coordinate bonds with three bidentate ligands

4

Your notes

= Eachbidentate ligand will form two coordinate bonds, meaning six-coordinate

bonds in total

= Examples of these ligands are 1,2-diaminoethane and the ethanedioate ion

— f,

/ \/CH2
: C\H N: / T N :NH,
N
\C/CH2
H2
L
[Culen),1**

2+

|

O
/

O,
\

N
= \O:/

O
H

/\c
|
:0

Q

0
4%
T\
0

[ColC,0),1"

Example of an octahedral complex with bidentate ligands

= |tcouldbe six-coordinate bonds with one multidentate ligand

0

= The multidentate ligand, for example, EDTA%" forms all six-coordinate bonds

Hk_
G

EDTA LIGAND |

—_—2-

COPPER (Il) — EDTA

COMPLEX

Example of an octahedral complex with a polydentate ligand

= Thebondanglesinanoctahedral complex are 90°

= The coordination number of a complexis the number of dative bonds formed between
the central metalion and the ligands

= Sincethere are 6 dative bonds, the coordination number forthe complexis 6

1, SaveMyExams
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o Your notes

Examiner Tips and Tricks

Electron pairrepulsion theory can be extended to predict and explain the shape of
transition metal complexes. The only difference is you shouldignore the 3d elctronsin
the transition metalion and overall charge on the complex - just count the number of
electron pairs donated by the ligands.

\
Changes to the central metalion

» The main example of the central metal ion changing oxidation state is when Fe?* is
oxidised to form Fe**

» Fe?t HFedtier

= Hexaaquairon(ll)is a pale green solution, which slowly oxidises on standingin airto give a
yellow solution of hexaaquairon(lll) ions.

= [Fe(Hp0)6]** — [Fe(H20)4]**
= The same oxidationreaction can be achieved with differentiron(ll) complexions

= These are often performed by bubbling oxidising agents, such as chlorine gas,
through a solution of the iron(ll) complexion

= Forexample, bubbling chlorine gas through a yellow solution of potassium
hexacyanoferrate(ll), Ks[Fe(CN)¢], results in the formation of a red solution of
potassium hexacyanoferrate(lll), K3[Fe(CN)¢]

= 2K4[Fe(CN)g] + Clp — 2K3[Fe(CN)g] + 2K* + 2CI~
Tetrahedral complexes
= \When there are four coordinate bonds the complexes often have a tetrahedral shape
= Complexes with four chloride ions most commonly adopt this geometry
= Chloride ligands are large, so only four will fit around the central metal ion

= Thebondanglesintetrahedral complexes are 109.5°

cl 7%

e

/C“wﬂ/:m
Cl: 4
L CL _

Example of a tetrahedral complex

Isomerismin transition element complexes
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Transition element complexes can exhibit stereoisomerism ,

Even though transition element complexes do not have a double bond, they can still Your notes
have geometrical isomers

Square planar and octahedral complexes with two pairs of different ligands exhibit cis-
transisomerism

Examples of octahedral complexes that exhibit geometricalisomerism are the
[Co(NH3)4(H20)212+ and [Ni(HoNCH2CHoNH2)2(H20),12+ complexes

= [Ni(HoNCH>CHoNH2)2(H20)5]2+ can also be written as [Ni(en)2(Hp0)2]2+

Like inthe square planar complexes such as cis-platin and trans-platin, if the two
‘different’ ligands are next to each other then thatis the ‘cis’ isomer, and if the two
‘different’ ligands are opposite each other then thisis the ‘trans’ isomer

= In[Co(NH3)4(H20),]%*, the two water ligands are next door to each otherin the cis
isomer and are opposite each otherin the transisomer

Cl
H N, N, | (M
T W ne T ¥ e,
4 ik £} ik
CH
Hzc\ b, ‘ H2C\ (T‘ 2
H,NT L UNH, H,NT L N
H,N \ Cl
N\t
2
L 4 L |
CIS=ININH,CH,CH,NH,),CL1 TRANS ~[Ni(NH,CH,CH,NH,),CL,

Octahedral transition metal complexes exhibiting geometrical isomerism

Opticalisomerism

Octahedral complexes with bidentate ligands also have optical isomers
This means that the two forms are non-superimposable mirrorimages of each other

= Theyhave no plane of symmetry, and one image cannot be placed directly on top of
the other

The opticalisomers only differin their ability to rotate the plane of polarised light in
opposite directions

Examples of octahedral complexes that have optical isomers are the
[Ni(HoNCH2CHoNHo)312*and [Ni(HoNCH2CHoNHo)2(H20)2]2* complexes

= Theligand HoNCH>CHoNH; can also be written as ‘en’ instead
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H,C !
\HZN( T "NH, :
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C/CH2 :
H, l
L J | L
|

o

NON-SUPERIMPOSABLE

MIRROR IMAGES (ENANTIOMERS)

Octahedral transition metal complexes exhibiting optical isomerism
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Square Planar Complexes 4

Your notes

Square Planar Complexes

= Sometimes, complexes with four coordinate bonds may adopt a square
planar geometry instead of a tetrahedral one

= Cyanideions (CN") are the most common ligands to adopt this geometry
= Anexample of a square planar complex s cisplatin

= Thebondanglesinasquare planar complex are 90°

%,

%,

A

2

‘Pt" oo
c{ \NHS

Cisplatin is an example of a square planar complex

= |Inthe 1960s the drug cis-platin was discovered, which has been extremely effective in
treating a number of different types cancer such as testicular, ovarian, cervical, breast,
lung and brain cancer

= Cancercells grow andreplicate much faster than normal cells

= Cis-platinis a square planar molecule that has a geometric isomer with the side groups
in different positions

= Cis-platin has beneficial medical effects by binding to DNA in cancer cells, trans-platin
cannotbe usedincancertreatment

H3N :‘\ ,’:NH3 CI.:"\ ,’:NH3

-, ,

W, Ny, ¥
Pt Pt

Cl!/7 \\:Cl. HSN!/ \:Cl

[ TRANSPLATIN |

Cis-platin is an example of a square planar transition element complex that exhibits
geometrical isomerism

= The cis-platin works by binding to the nitrogen atoms on the bases in DNA

= The cis-platin passes through the cellmembrane and undergoes ligand exchange where
the chlorines are replaced by water molecules

= Thenitrogenis abetterligand than water and forms dative covalent bonds with the cis-
platin
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= Thecis-platin distorts the shape of the DNA and prevents the DNA fromreplicating ,

Your notes

HaN Cl HaN OH, HsN o
\Pt/ +H,0 \Pt/ +H,0 \P_t/
7N 7N /N
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CISPLATIN THE CHLORINE LIGANDS ARE

SUBSTITUTED BY WATER LIGANDS

CIS-PLATIN PASSES
THROUGH THE CELL
MEMBRANE

H,0 NH,

A
HZO/ \N Hs
e —

Pt

NH,

NH,

THE WATER LIGANDS ARE REMOVED TO ALLOW DATIVE COVALENT BONDING OF
CIS-PLATIN WITH ADENINE OR GUANINE BASES IN THE DNA WHICH DISRUPTS THE
DNA STRUCTURE AND THEREFORE PREVENTS IT FROM REPLICATING AND DIVIDING

The process by which cis-platin binds to DNA and prevents replication

Adverse Effects

= Cis-platin binds to healthy cells as well as cancerous cells, but affects cancer cells more
as they are replicating faster

= Unfortunately, this means that other healthy cells which replicate quickly, such as hair
follicles, are also affected by cis-platin

= Thisiswhy hairlossis a side-effect of people undergoing cancer treatment

= Despite this drawback, cisplatinis a highly effective drug and society needstofind a
balance between the adverse effects of drugs and their therapeutic value

= New therapeutic pathways are constantly under development that aim to deliver drugs
that target cancer cells while leaving healthy cells untouched
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Haemoglobin & Ligand Exchange ,

Your notes

Haemoglobin & Ligand Exchange

= Haemoglobinis one of nature's complexes using a transition metal ion

= The haem moleculeis acomplexwithiron(ll) atits centre

= The haemoglobin complex contains a multidentate ligand made up of four haem groups
= These consist of mostly carbon and hydrogen atoms

» Eachhaem group has a nitrogen atom forming a dative covalent bond to the Fe?*
ionin asquare planar complex

= Thereis afifth dative bond from the protein (globin) to the Fe2*ion

= Oxygen atoms form a dative covalent bond with the iron(ll) which enables oxygen
molecules to be transported around the body in the blood

0 OH HO 0

The haem molecule withiron(ll) at its centre
=  Oxygenmolecules are not very good ligands and bond weakly to the iron(ll)

= The weak bonds allows them to break off easily and be transportedinto cells
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HAEMOGLOBIN CARRIES
OXYGEN AND CARBON
DIOXIDE

CARBON MONOXIDE
BINDS VERY TIGHTLY
TO HAEMOGLOBIN

HAEMOGLOBIN

RED BLOOD
CELL

O = OXYGEN OXYGEN AND CARBON DIOXIDE CAN
@ = CARBON DIOXIDE NO LONGER BE CARRIED

(O = CARBON MONOXIDE

=

Examiner Tips and Tricks

You do not need to be familiar with the structure of the haem group

= Carbonmonoxideis toxic becauseitis a betterligand than oxygen and binds strongly to

the iron(ll) preventing oxygen from being carried to the cells

= Thereason forthe strength of the carbon monoxide binding more strongly to
haemoglobinis thatit forms stronger dative covalent bonds, although it can be
displaced from heamoglobin

= |f oxygen attached to the haemoglobin (oxyhaemoglobin)is replaced by carbon

monoxide (carboxyhaemoglobin), a darkerred colouris produced in the haem complex

= Thisis asign of carbon monoxide poisoning

= The condition anaemia occurs when a person does not have enough haemoglobinin
theirblood due to aloss of blood or deficiency iniron

= Deficiencyiniron canbe restored by takingiron sulfate tablesin the diet

s

Your notes
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