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The Transition Metals
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TABLE [ 22.1

Electron Configurations and Other Properties of the First-Row Transition Metals

\YJ Mn Co Ni Cu

Electron configuration

M 45" 3d’ 45 3d’ 4s%3d’ 453" 45'3d"°

M** 3d° 3d° 3d’ 3d° 3d’

M3 3d* 3d* 3d° 3d’ 3d°
Electronegativity 1.6 1.5 1.9 1.9 1.9
lonization energy

(kJ/mol)

First 650 717 760 736 745

Second 1413 1509 1645 1751 1958

Third 2828 3250 3231 3393 3578
Radius (pm)

M 134 135 125 124 128

M** 88 80 75 69 72

Y 74 66 64 — m—
Standard reduction

potential (V)* ] 7 -1.18 —-0.28 ={).25 0.34

*The half-reaction is M* " (ag) + 2¢~ — M(s) (except for Sc and Cr, where the ions are S¢* " and Cr'™ | respectively).



TABLE | 22.2

Physical Properties of Elements K to Zn

1A 2A Transition Metals 2B
K o (T Vv r o Mn PFPe o NI Cu  Zn
Atomic
radius (pm) 235 197 162 147 134 130 135 126 125 124 128 138
Melting
point (°C)  63.7 838 530 1668 1900 1815 1245 1536 1485 1453 1083 4195
Boiling
point (°C) 760 1440 274 3260 3450 2605 2150 3000 2900 2130 2595 906
Density
{g;‘cm"] (.86 1.54 30 451 6.1 7.19 743 7.86 8.9 8.9 8.96 1.14
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lonization Energies for the 1st Row Transition Metals
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Scandium Titanium




Coordination Compounds

A coordination compound typically consists of a complex ion
and a counter ion.

A complex ion contains a central metal cation bonded to one
or more molecules or ions. NH;

I NH,
The molecules or ions that surround the s

metal in a complex ion are called

A ligand has at least one unshared pair | 'NH,
of valence electrons |

.. .. N o0 - _
/O\ 71\ Cl C=0
H H HHH o o . .



Coordination Compounds

The atom in a ligand that is bound directly to the metal atom is

the donor atom. C@
H H HHH

The number of donor atoms surrounding the central metal atom
iIn @ complex ion is the coordination number.

Ligands with:
one donor atom monodentate H,O, NH;, ClI-
two donor atoms bidentate ethylenediamine

three or more donor atoms polydentate EDTA



Coordination Compounds

bidentate ligand polydentate ligand
(EDTA)
H@—CHZ— CH, —@2 0
C
H, /" N\
_/’(H “CH, RN CH,
cH, Tl N C CH /
/ \\NHE ‘ NH, /,/ \\'“
£<2 .‘l.\ / O ()-\ / N C|‘H1
Pb
s ) e
N\ / "
H,N /U| C—.!‘—CH \
CH 0// 3 CH.
N\ C/ -

Bidentate and polydentate ligands are called chelating agents



TABLE

Some Common Ligands

22.3

Name Structure
Monodentate ligands

Ammonia Hmhlde

H
Carbon monoxide :C=0:
Chloride ion CI :
Cyanide ion [:C=N:]"
Thiocyanate ion [: ;@—CEN -

Ethylenediamine

Oxalate 1on

Ethylenediaminetetraacetate
ion (EDTA)

Bidentate ligands
H,N—CH,—CH,—NH,

Polvdentate ligand

0
[|:|
- SN
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§ What are the oxidation numbers of the metals in
K[Au(OH),] and [Cr(NH3)s](NO3); ?

OH- has charge of -1

K* has charge of +1
?Au+1+4x(-1)=0 NO,- has charge of -1
Au = +3 NH, has no charge

? Cr+6x(0) +3x(-1)=0

Cr=+3

12



Typical Coordination Numbers for Some
Common Metal lons

TABLE 21.12 Typical Coordination Numbers for Some Common Metal lons

Coordination Coordination Coordination
M+ Numbers M2+ Numbers M3+ Numbers
(n’ 2. 4 Mn?* 4, 6 Sc 6
Ag" 2 Fe** 6 Ot 6
Au” 2 4 Cop " 4, 6 iy 6
Ni** 4, 6
Bl 4, 6 Au’t 4
n 4, 6
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Coordination
number

The Ligand
Arrangements for

Coordination
Numbers 2, 4, and 6

Tetrahedral

Square planar

Octahedral




a-b Bidentate
and
Monodentate
Ligand

N N _
H~ / “H
H H
/C C\
H H
(a)
M!H‘
I
(b) H H H




The Coordination
of EDTA with a 2
Metal lon
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TABLE 21.13 Some Common Ligands

Some Common Liaans

Type Examples
Unidentate/monodentate H,O CN™ SCN " (thiocyanate) X (halides)
NH; NO,  (nitrite) O
Bidentate Oxalate Ethylenediamine
\ /0 (en)
— H.C—CH
e 7
(-).0. 0.(-) H,N. .NH,
‘\\ M f’ \\ M f’
Polydentate Diethylenetriamine
(dien)

HzN_(CHz)z R NH _(CH2)2 B NHg

N A A

Three coordinating atoms

Ethylenediaminetetraacetate

(EDTA)

(@] O
= [
N_ el
- o (CH»), N\ -
(=)0 - H ChHy C 0O ()
x| g N

Six coordinating atoms
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Naming Coordination Compounds
The cation is named before the anion.

Within a complex ion, the ligands are named first in
alphabetical order and the metal atom is named last.

The names of anionic ligands end with the letter 0. Neutral
ligands are usually called by the name of the molecule. The
exceptions are H,O (aquo), CO (carbonyl), and NH;
(ammine).

When several ligands of a particular kind are present, the
Greek prefixes di-, tri-, tetra-, penta-, and hexa- are used to
indicate the number. If the ligand contains a Greek prefix,
use the prefixes bis, tris, and tetrakis to indicate the number.

The oxidation number of the metal is written in Roman
numerals following the name of the metal.

If the complex is an anion, its name ends in —ate. 18



TABLE | 22.4

Names of Common Ligands in Coordination Compounds

Name of Ligand in

Ligand Coordination Compound
Bromide, Br Bromo
Chloride, Cl Chloro
Cyanide, CN Cyano
Hydroxide, OH Hydroxo
Oxide, O~ Oxo
Carbonate, CO3~ Carbonato
Nitrite, NO, Nitro
Oxalate, C,0;~ Oxalato
Ammonia, NH; Ammine
Carbon monoxide, CO Carbonyl
Water, H,O Aquo

Ethylenediamine

Ethylenediaminetetraacetate

Ethylenediamine

Ethylenediaminetetraacetato



TABLE | 22.5

Names of Anions

Containing Metal Atoms

Name of

Metal in

Anionic
Metal Complex
Aluminum Aluminate
Chromium Chromate
Cobalt Cobaltate
Copper Cuprate
Gold Aurate
[ron Ferrate
Lead Plumbate
Manganese Manganate
Molybdenum Molybdate
Nickel Nickelate
Silver Argentate
Tin Stannate
Tungsten Tungstate
Zinc Zincate

What is the systematic name of
[Co(NH;)sCI]CI, ?

Pentaamminechlorocobalt(lll) chloride

Cation Anion

What is the systematic name of
[KsFe(CN)g ?

Potassium hexacyanoferrate(lll)

Cation Anion

20



TABLE | 22.5

Names of Anions

Containing Metal Atoms

Name of

Metal in

Anionic
Metal Complex
Aluminum Aluminate
Chromium Chromate
Cobalt Cobaltate
Copper Cuprate
Gold Aurate
Iron Ferrate
Lead Plumbate
Manganese Manganate
Molybdenum Molybdate
Nickel Nickelate
Silver Argentate
Tin Stannate
Tungsten Tungstate
Zinc Zincate

What is the systematic name of
[Fe(en),(NO,),],SO,4 ?

Bis(ethylenediamine)dinitroiron(lll) Sulfate

Cation Anion
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TABLE | 22.5

Names of Anions

Containing Metal Atoms

Name of

Metal in

Anionic
Metal Complex
Aluminum Aluminate
Chromium Chromate
Cobalt Cobaltate
Copper Cuprate
Gold Aurate
[ron Ferrate
Lead Plumbate
Manganese Manganate
Molybdenum Molybdate
Nickel Nickelate
Silver Argentate
Tin Stannate
Tungsten Tungstate
Zinc Zincate

What is the systematic name of
[Cr(H,0),Cl,]CI ?

tetraaquodichlorochromium(lll) chloride

Write the formula of
tris(ethylenediamine)cobalt(ll) sulfate

[Co(en)s]SO,
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