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TRANSITION ELEMENTS - SUMMARY

* d-block element that forms stable compounds with partially-filled d-subshell

Compare transition metals (TM):
o proton number increase hence nuclear charge (NC) increase
o electrons added to inner 3d subshell hence more effective shielding of outer 4s electrons

o shielding effect (SE) and NC effect cancels out and effective nuclear charge (ENC) generally
invariant (same)

o attraction between nucleus and valence electrons invariant
o hence radii, 1st IE and many other physical and chemical properties invariant or similar

Compare TM with s-block metal (eg Ca)

Property Compare | Explain

Melting point | Higher TM can delocalise both 4s and 3d electrons while Ca can only delocalise 4s
electrons, hence stronger metallic bond for TM

Electrical Higher TM more delocalised electrons hence more mobile charge carriers (electrical

and thermal conductivity) and more electrons to conduct heat (thermal conductivity)

conductivity

Radii Smaller | Higher NC due to higher proton number, SE constant as adding electrons to same
principal quantum shell, ENC higher for TM, stronger attraction between
nucleus and valence electrons, pulled closer to nucleus, radii smaller

1st IE Higher Higher NC due to higher proton number, SE constant as adding electrons to same
principal quantum shell, ENC higher for TM, stronger attraction between
nucleus and valence electrons, need more energy to remove electron, IE
higher

Density Higher Smaller size hence closer packing of atoms

Oxidation Variable | Small energy difference between 4s and 3d subshell, hence electrons from

state both subshells can be donated in reaction to form different oxidation states

Ca only form Ca?* as removing 3rd electron from inner principal quantum shell
need too much energy

Determine maximum oxidation state of TM: all 4s and unpaired 3d electrons can be donated

™ 3d 4s config |Electron in box diagram Max OS
Vv 3d° 4s2
Mn 3d° 4s?
Co 3d7 4s?

Complex: central metal atom or ion linked to ligands via dative bonds
o coordination number is number of dative bonds around central metal
o If CN =6 (more common), shape of complex is octahedral. CN = 4, shape is tetrahedral

Ligand: anion or neutral molecule that has at least 1 lone pair of electrons available for donation
to central metal
o monodentate ligands: donates 1 lone pair / forms 1 dative bond eg H,O, NH;, CI, CN

o bidentate ligands: donates 2 lone pairs / forms 2 dative bonds eg H,NCH,CH,NH,, C,0,*
o hexadentate ligands: forms 6 dative bonds, eg EDTA*
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Exercise
(a) Draw structure of following complexes: [Fe(H20)s]*, [Fe(CN)s]*, [Ni(C204)s]*
(b) For each complex, determine the oxidation state and coordination number of central metal, and type of

ligand (monodentate or bidentate)
(c) Water has 2 lone pairs on oxygen. Why is it a monodentate ligand and not bidentate?

¢ Ligand exchange can occur depending on the following 2 factors
© ligand strength: stronger ligand will displace weaker ligand to form more stable complexes, ie

higher Kb for equilibrium:
M™(aq) + 6 L (aq) [MLe]™(aq)

Strength of monodentate ligands: I’ < Brr <SCN'<ClI'<F <OH <HO <NH; << CN'<CO
o concentration: ligand of higher concentration will displace ligand of lower concentration

+ Reaction of Cu*(aq) with NHs(aq)

Add Observation Equation
NHs(aq) dropwise |Blue ppt formed NHs(aq) + H.O(l) NH.*(aq) + OH(aq)
Cu?*(aq) + 20H(aq) — Cu(OH),(s)
blue solution blue ppt
Followed by Blue ppt dissolves to form | Cu(OH),(s) + 4NHs(aq) — [Cu(NHs).]**(aq) + 20H (aq)
NHs(aq) excess deep blue solution blue ppt deep blue solution

+ Haemoglobin: oxygen carrier in blood. Central metal Fe(ll)
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© 0. and H,0 are binded to Fe reversibly hence haemoglobin can transport O, from lungs to
tissues and muscles for respiration
o CO and CN" are much stronger ligands, bind irreversibly with Fe, haemoglobin cannot
transport O,. Hence CO and CN- poisonous
¢ Two criteria for TM complexes to be coloured:
o d-d orbital splitting
o partially filled d-subshell (d' to d°)

d* o
ORI LNO
—»
Metal ion (g) d o 7d o
Metal ion

in complex @
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In complex, d-orbitals are split into 2 different energy levels

2. The d-electrons are promoted from lower energy level (d) to higher energy level (d*) by
absorbing radiation in the visible light region of electromagnetic spectrum that corresponds to
energy AE

3. Light energy not absorbed will be seen as colour of the complex

¢ Complex colour is dependent on the energy gap AE which in turns depends on:

o oxidation state of metal — hence redox reaction, oxidation state changes, AE changes, hence
colour changes

o strength of ligand — hence ligand exchange, different ligand strength, AE changes, colour
change

* Catalysis by TM

Type Homogeneous (same phase as reactants) Heterogeneous (different phase as reactants)
Function of | Variable oxidation state hence can act as Partially filled 3d orbitals that allow adsorption of
™ medium to transfer electrons between reactants | reactants on metal surface
Example S:0s*(aq) + 2I-(aq)— 2S0+*(aq)+ l(aq) N2(g) + 3H2(g) — 2NHs(g) (catalysed by Fe)
catalysed by either Fe?*(aq) or Fe**(aq) CH2CH2(g) + H2(g) — CH3CHa(g) (catalysed by Ni)
Mechanism |Use Fe”:. . o adsorption
1. [reduction] S:0¢* — SO.* E°=+2.01V > o O0—
[oxidation] Fe?* — Fe®* Ee=+0.77V l:l l—:l
Ecei = Er — Eo = +ve
reaction
2. [reduction] Fe** — Fe?* E®=+0.77V
[oxidation] I — I E® = +0.54V
Eecell = EeR - Eeo = +ve O_O .
desorption
-« T4
] [ —
VS uncat rxn | Mechanism different as reaction pathway different | Mechanism same but activation energy lower
Energy
profile
diagram
Remarks *uncatalysed reaction slow as both reactants are | *on adsorption, bonds within reactants are

-ve charge, repel each other hence high activation
energy (kinetically less feasible)

*If use Fe®" as catalyst, step 2 will occur first
followed by step 1

*E®1 +ve for both steps, hence feasible

*other TM can be used as catalyst provided that:
1. +ve species on both side of half equation
hence can attract both negatively charged
reactants, lower activation energy, hence
kinetically more feasible

2. E° between +0.54V and +2.01V hence Ece for
both steps in mechanism are positive and
thermodynamically feasible

eg Co® + ¢ Co* E®=+1.82V

weakened and concentration of reactants increase
on surface of metal. Hence faster reaction

*

rate

. Saturation when surface
i area of catalyst fully

. utilised.

. Increase surface area of
. catalyst to prevent
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[reactant]
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