TRANSITION
METALS
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This diagram helps you to work out the order in which orbitals fill:
1s, 2s, 2p, 3s, 3p, 4s, 3d, 4p, .....

However, it can be easier to read across the periodic table, but remember
that the first transition metal row is 3d:

F
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2s 2p
3s 3p
4s 3d 4p

| 4s? 348
] 35
| 4s2 3

4s2 30°
3d°

Cu
Cu*
Cu2+
Zn
Zn2+
Cr

Ar]
A
A
Ar]
Al
A

451 3d10
3d10
3d°
452 3d10
3d10
451 3d°

© www.chemsheets.co.uk A2 1028  22-Sep-2022



Transition metals are metals that contain an
incomplete d sub shell in atoms or ions.

Top row transition metals: Sc - Cu

Zn is not a transition metal (Zn & Zn?)
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1) They form coloured ions.

photo by lan Geldard



http://www.flickr.com/photos/igeldard/

2) They form complexes (ligands form co-ordinate bonds to the

metal ion).
[Cu(H,0)g* [CuCl,J*

B OH, | o+ B Cl Ta.
H20|,I‘ .|,|IOH2 ‘
HZOVCUwOHQ Ci" .CU\C|

| OH, _ _ C _
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3) They exhibit variable 21) 22| 23| 24| 25| 26| 27| 28| 29| 30
oxidation states.

Scl Ti] V]CriMn] Fe|l Col Nij Cul Zn

Oxidation state




4) They show catalytic activity.

e.g. NI margarine production
V,0, making SO, for H,S0O,
Fe Haber process to make NH,
Pt, Pd catalytic converters
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Ligand particle with a lone pair that forms co-ordinate
bond to metal

Complex metal ion with ligands co-ordinately bonded to it

Co-ordination number of co-ordinate bonds from ligand(s) to
humber metal ions

Lewis base lone pair donor (ligands are Lewis bases)

Lewis acid lone pair acceptor
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Lewis base  lone pair donor (ligands are Lewis bases)

Lewis acid  lone pair acceptor

_ __ 2.
Cl
H* + :OH — H,0 l
[ [ Eu-
Lewis Lewis L \%...
acid  base ci~ = cl

Ligands form co-ordinate bonds via lone pairs
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Co-ordination ) 4 4 6
number
linear tetrahedral square planar octahedral
Shape | ey, o
M M.
// I M — ] =
Bond angles
Occurrence
e.g.
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Co-ordination ) 4 4 6

number

linear tetrahedral square planar octahedral
Shape , | ey,
I\II M.. kA %M\
7
Bond angles 1800 1097»0 900° 900
Occurrence
e.g.
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Co-ordination ) 4 4 6
number
linear tetrahedral square planar octahedral
Shape , | ey,
I\II M.. kA — \
7
Bond angles 1800° 109140 900 900
Occurrence A
complexes
e.g. [Ag(NH,),]*
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Co-ordination

2 4 4 6
number
linear tetrahedral square planar octahedral
Shape , | ey,
I\II M.. kA %M\
7
Bond angles 1800 1097»0 900 900
Occurrence Ag* Large Ilga_nds
complexes (e.g. CI)
e.g. [Ag(NH,),]* [CuCl,]*
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Co-ordination

2 4 4 6
number
linear tetrahedral square planar octahedral
Shape , | ey,
I\II M.. kA —
7
Bond angles 1800 109720 900° 9Q0°
+ i 2+
Occurrence Ag Large Ilga_nds Pt
complexes (e.g. CI) complexes
e.g. [Ag(NH,),]* [CuCl, ] [PtCl,]*
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Co-ordination

2 4 4 6
number
linear tetrahedral square planar octahedral
Shape , | ey,
M M., M — )
7
Bond angles 1800 1097»0 900 900
+ i 2+
Occurrence Ag Large Ilga_nds Pt Commonest
complexes (e.g. CI) complexes
e.g. [Ag(NH,),]* [CuCl,]* [PtCl,]* [Cu(H,0)]**
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Linear Square planar

Tetrahedral Octahedral



Unidentate ligands — form one co-ordinate bond
e.g. H,0:, :OH, :NH,, :CN-, :CI

[Cu(H,0)J* [CuCl,J~
B OH, | 2+ B Cl 7o
HZQM,' .I||IOH2 ‘
HZOVCUwOHQ Ch'"’ .CU\C|
| OH, _ _ C _
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Bidentate ligands — form two co-ordinate bonds

1.2-diaminoethane ethanedioate O O
/CHz-CHz\ (C,0,%) \\C— C/<
HoN NH; o o}
e.g. [Cr(NH,CH,CH,NH,),** e.g. [Cr(C,0,).
B _ 9 _
NH, 3+ e C~o 3-
|
H2N|I,I‘ .I.IlNHZ OI'I. .|||O\C§O
HN- CrwNsz o 9" 0-Csg
e, P! )

© www.chemsheets.co.uk A21028  22-Sep-2022 O



Multidentate ligands — form several co-ordinate bonds

EDTA* O
~.00C—CH CH,—COO0:- o
| \ 7 _A°
N—CH,—CH,—N /——<
:00C—CH, CH,—COO0:- CNH“":;\:A ______ @)
6.9, [CU(EDTA)P \'—<O
o



Multidentate ligands — form several co-ordinate bonds

porphyrin
R
LY
Y
HC
\ N
R R
\AA/
R H R

CO0OH COOH



COMPLEX FORMATION

Multidentate ligands — form several co-ordinate bonds

haemoglobin




For each of the following complexes:

* Draw the complex.

* Name the shape.

* Show bond angles.

* Give the metal oxidation state.
* Give the co-ordination number.

1) [AG(CN),| 4) [Co(CH,NH,NH,CH,),Cl, |
2) [Cr(NH,)]** 5) [P{NH,)Cl,J
3) [INI(CH,NH,NH,CH,),”*  6) [Fe(C,0,),]*
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Linear

1809°

Ag +1

Co-ordination number = 2

2 [ NH; | 3+ Octahedral
H-=N NH 20°
g St TN Cr +3
HN S NH, o
Co-ordination number = 6
- NH; _
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2 (\NH2 2+ Qctahedral
H2NI Iy N Sl INH2j 900
HN | NH; Ni +2
NH, _ Co-ordination number = 6
4 — o) — 4 chahedral
N, | NH 20
':H N Co__ :\ Co +3
? S NF Co-ordination number = 6
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- cl 1@
5
Cl——Pt—Cl
NH
7
6 o
%(E,C\O
O| I Ol IO\C¢O
o e o-C=o
Ao

Square planar

900

Pt +2

Co-ordination number = 4

Octahedral

900°

Fe +3

Co-ordination number = 6
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E-Z Isomerism e.g. [PtCI(NH,),]
cis | trans e
Cl——Pt——NH; Cl— Pt—Cl
NH, NH4

cis-[PtCI,(NH;),] trans-[PtCl,(NH3),]



Very effective drug to fight cancer (e.g. testicular)
Binds to guanine in DNA and stops replication

Cl

Cl——Pt——NH;

Intersermmd 4 =pl=p

arowlink

Istrastrand 1.2-0:pA) i
H H3 croaslink 0-25% 3l

crasiing L Intrastrand 1,2 diGpG)

creaslink
B84




E-Z Isomerism

e.g. [CoCl,(NH,),J*

NH, NH,
Cl_ | _—NH, | _—NH,
CI— | NH, H,N— | —al
NH, NH,
cis-[CoCly,(NH;),] trans-[CoCl,(NH,),] *
(purple) (green)

(a) (b)



Optical Isomerism
e.g. [Co(NH,CH,CH,NH,).]* @ %

en
[ \
/ Co3t % R Cu“\
N H
en




Optical Isomerism

aa

\JL/
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nltraviolet shortwave
gamma X-rays rays infrared radar TV AM
rays rays
—_—
o e
10" 10* 10r 10" 10° I~ 107 1 10° 10
Smay
- — Wavelength (meters)
- B —
- Visible Light -~

. oy

400 500 600 700
Wavelength (nanometers)



Once ligands bond, the five d orbitals are no longer have the same
energy.

T AE = hf = he
A

T

Energy is absorbed to excite electrons from the lower d orbitals
to the higher d orbitals.

This energy is in the uv/visible region.
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Energy

|
[]

A

do_

Eal

“ Y pmm
dx}, ds; d},z m
d.
d.rz d}’z
d-orbital energies Average energy (a) d orbitals = (b) 4 orbitals = (c¢) d orbitals
in "free" metal of d orbitals in | in tetrahedral = in octahedral in square
atom or ion the presence of complex complex planar

ligands complex
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The colour you see is what is left after some colours are
absorbed by the metal to excite electrons.



The size of the energy gap between the d-orbitals, and
so the colour is affected by changes in:

1) the metal

[Cu(H,0)e]* [Fe(H,0)s[*
blue green
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The size of the energy gap between the d-orbitals, and
so the colour is affected by changes in:

2) the oxidation state

[Fe(H,0)q]* [Fe(H,0))*"
pale violet green
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The size of the energy gap between the d-orbitals, and
so the colour is affected by changes in:

3) the ligands

[Cu(H,O)]* [Cu(H,0),(NH;), J**
blue deep blue
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The size of the energy gap between the d-orbitals, and
so the colour is affected by changes in:

4) the co-ordination number

[Cu(H,0)el* [CuCl, |
blue yellow
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UV/Visible spectroscopy

* Frequencies at which
complexes absorb can be
measured by uv/visible
spectroscopy.

* Light is passed through
complex and the amount
passing through measured.




Violet

Absorbance —»

Red

| |
400 500 600 700

Wavelength, nm




Colorimetry

* The more concentrated the solution, the more it absorbs.

* This can be used to find the concentration of solutions — this is
done in colorimeters.

* For some ions, a ligand is added to intensify the colour.

* The strength of absorption of solutions of known concentration is
measured and a graph produced.

* The concentration of a solution of unknown concentration can be
found by measuring the absorption and using the graph.
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Colorimetry

readaut
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