ADVANCED H GER 1 TranshMet s
Transition Elements

Electronic Structure

The transition elenments are :
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They have inconplete d orbitals in at | east one of their ions
e.g. the first transition series

Sc 1S2 2S2 2P6 3S2 3P6 482 3dl
Ti 12 2S2 2P6 3S2 3P6  4S2 3d2
\Y, 12 2S2 2P6 3S2 3P6 4S2  3d3
Cr 12 2S2 2P6 3S2 3P6 4SSl 3dS
Mn 1S2 2S2 2P6 3S2 3P6 4S2  3dS
Fe 182 2S2 2P6 3S2 3P6 4S2  3d6
Co 182 282 2P6 3S2 3P6 482 3d7
Ni 12 2S2 2P6 3S2 3P6 4S2  3d8
Cu 12 282 2p6 3S2 3P6 4Sl  3d10

Zn 182 282 2P6 332 3P6 4S2  3d10

Since the outer electrons in these transition netals all fill the
sane sub-level (3d) the atons all have a simlar size. One
consequence of this is the identical lattice structures of simlar

transition netal salts e.g. Fe2*(F), and N 2+(F),.
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The vacant d orbitals are the reason that many transition netals
are heterogeneous catal ysts

e.g. lron catal yses the Haber process :
3H, + N, > 2N

Wen the H, and N, becone adsorbed on the catal yst surface

electrons flow out of the HH and N=N bonds into the vacant d
orbitals on the lron atons. Thus the HH and N=Nbonds are
weakened | owering the activation energy.
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The energies of the 3d and 4S orbitals are very simlar. It is a
fact that electrons in a d orbital repel each other nore than
electrons in an S orbital. In a neutral atomthe electrons in the
3d orbital are therefore further fromthe nucl eus (hi gher energy)
than the electrons in the 4S orbital. Wen el ectrons are renoved
fromthe atomto forman ion the el ectron-el ectron repul sions are
reduced and the 3d orbital actually falls belowthe 4S orbital in
ener gy.

El ectrons are, in effect, renpved from the 4S orbita
before the 3d orbitals.

e.g. the formation of the M2+ ion
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M (4S2 3d5) ->  Mh2+ (4S0 3d5)

The 2+ val ency (oxidation state) is therefore the nost conmon in
transition elenments but, because of the close proximty of the 3d
orbitals, the third ionisation energy is low, resulting in the
easy renoval of a third electron :

Mh2+ (4S0 3d5) -> M3+ (4SO 3d4)
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lons with charges greater than 4+ are unknown. The energy required
to pull 4 electrons conpletely off an atomis just too great.
Subsequent el ectrons can however be released fromthe d orbitals
to form pol ar coval ent bonds resulting in many conpounds and
ions in which Manganese, like all the transition netals, exhibits
a vari abl e val ency:

e.g. manganate(Vll) ion MO,

An el ectroval ent structure for this ion would be inpossible. The

hi ghly positive M7+ ion would attract electrons fromthe - ions
resulting in the formati on of coval ent bonds between M and O :

:02_

‘O_
S

O

The el ectroval ent nodel is neverthel ess useful : we can inagine
the Wnh7+ ion protected by a cage of - ions. Take away the

protection and you have a highly effective oxidising agent, M7+,
e.g. xidation of chloride by acidified manganate(VII)

MO, + H o+ a- -> M2+ + HO + a,

The oxidation state of Mh decreases from7 to 2 as it is reduced
in this reaction.

Manganese exhibits the greatest variety of oxidation states of al
the transition netals

Oxi dation state Exanpl es
2 Mh2+, Mhd ,2-
3 Mh3+
4 MO,, Mhd 42-
5 MhO,3-
6 MO, 2-
7 MO,-, MO;*
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The vari abl e valencies of transition netals allows themto act as

honmogeneous catal ysts in redox reactions e.g. both Fe2+ and Fe3+
catal yse the reaction :

sl ow
82%2' + 2| - -> 28042' + I 2

Mechani smw th Fe2+ cat al yst

f ast

S,052- + 2Fe2+ -> 2802 + 2Fe3+
f ast

21 - + 2Fe3+ -> 1y + 2Fe2+

Mechani smw th Fe3+ cat al yst

f ast

21 - + 2Fe3+ -> 1y + 2Fe2+
f ast

S,G52 + 2Fe2+ ->  280,2- + 2Fe3+
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Complex lons

The vacant d orbitals in a transition nmetal ion |eaves it open to
attack by ligands - negative ions or neutral nolecules with |one
pairs. The ligand fornms a bond to the netal ion by donating its
lone pair into an enpty d orbital e.g. reaction of Water with

Cu2+ :
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Six Water |igands nmay becone attached to the Cu2+ ion formng the
bl ue hexaaquacopper(l1) ion which has an octahedral shape :
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The nunber of |igands grouped around the nmetal ion is known as the
ion's coordination nunmber - 6 in this case.

Simlarly Amonia can behave as a ligand : Wen a sol ution of
Ammonia in Water is added to a solution of Copper(ll) sulphate in
Water the Water ligands are displaced by the Amonia and a deep
bl ue sol ution containing the tetraanm nedi aquacopper(ll) ion is
formed :

4NH, +  Qu2+(H,04 ->  4H,0 o QUZH(NH) 4(H0)
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Both H,O and NH; are nonodentate |igands - they have only one
donor site.
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1,2-Di am noethane is a bidentate ligand wwth two donor sites e.g.
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I n octahedral conpl exes |ike the hexaaquacopper(ll) ion the

| i gands approach the central netal ion along the x, y and z axes
repelling electrons in the dy2_,2 and d,2 orbitals which lie
directly along the x, y and z ‘axes. Thus the energies of the

dy2.y2 and d,2 orbitals are increased relative to the d,,, d,, and

d,, orbitals which lie between the x, y and z axes :
dX2_ y2 A d22
A
_— = d —_—d
Xy Xz yz

In Qu2*(H,0Q¢g A = 2.6 x 10-19 kJ. This corresponds to a wavel ength
of 764 nm(red light). Wen red |ight of wavel ength 764 nm stri kes
the Qu2*(H,Q g ion an electron in the |ower levels (d,, dy, and
dy,) is pronoted into the higher levels (d 2.2 and d,2) and red

light is absorbed ; all other colours are transmtted. W can
deduce the resulting colour (cyan) using the colour triangle :
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Ultra Violet and Visible Spectroscopy

An Utra violet/Visible spectroneter can be used to neasure the
wavel ength and intensity of the |ight absorbed:
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vari abl e wavel ength sample in photocell screen di splay of
W/ VIS source cuvette spectrum

As the wavel ength is increased from 200 nmthe instrunent neasures
the intensity of the Iight passing through the sanple and hitting
t he photocell detector. The percentage of the light transmtted

t hrough the sanple is recorded. Wien no absorption occurs the %
transmttance is close to 100%

A sol ution containing hexaaquacopper(l1) ions would absorb at
764 nm Wen the vari abl e wavel ength source reaches 764 nmthe
sol ution woul d absorb sone of the light causing a drop in the %
transmttance. The nore |ight absorbed the |ower the %
transmttance and the bigger the peak. The anmount of |ight

absor bed depends on the concentration of the solution and can

t herefore be used to neasure sol ution concentration.
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The Spectrochemical Series

The ligand field splitting energy, A, depends on the power of the

l'igand to squeeze the electrons in the d,2_,2 and d,2 orbitals. The

spectrochem cal series lists the ligands in order of increased

splitting power:

CN > NHy > H,O

(] Conpare the bl ue hexaaquachromun(l11) and the magenta
hexaanm nechrom un(I11) ions :

3 3
a(HY 6+ Cr(NH3)6+

igreen

4+

Yel |l ow | i ght absorbed Green |ight absorbed
Blue light transnitted Magenta |light transmitted

o The hexaaquairon(ll) ion contains unpaired electrons ; the
hexacyanoiron(l1) ion does not

Fe(H,0 2" Fe(ON) +
+ + -
4
e

Ais so great in the hexacyanoiron(ll) ion that it is nore
favourable for electrons to pair up and share orbitals than
jump up into the higher energy |evels.



