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Coordination Compounds

TABLE 24.1 Properties of Some Ammonia Complexes of Cobalt(III) =

Original Ions per “Free” C1~ Ions  Modern
Formulation @ Color Formula Unit per Formula Unit Formulation
_ CoCl3*6 NH;  Orange 4 3 [Co(NH;3)4]Cl3
. CoCl3*5NHj3  Purple 3 2 [Co(NH3)5C1]Cl,
CoCl34 NH;  Green 2 1 trans-[Co(NH;5)4Cl,]Cl
Violet 2 1

. COC13'4 NH3

cis—[Co(NH3)4C12]C1

. : Many coordlnatlon Compounds are brlghtly

- colored.

. leferent coordlnatlon compounds from the same

metal and Ilgands can give quite dlfferent
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Werner's Theory

- Werner proposed putting all molecules and ions
W|th|n the sphere in brackets and those free
~ anions (that d|SSOC|ate from the complex ion when |
3:‘._;”:d|ssolved in water) out3|de the brackets ' .

il TABLE 24.1 Properties of Some Ammonia Complexes of Cobalt(III)

Original Ionsper  “Free” CI” Ions Modern
. Formulation  Color Formula Unit per Formula Unit Formulation

CoCl3'6 NH;  Orange

- 4 [Co(NH3)g]Cl3
. CoCl3*5NH;  Purple ;

z

b

[CO(NHg) 5C1]C12
trans-[Co(NH3),CL]CY
cis-[Co(NH3),4Cl

- CoCl3*4NH;  Green
CoCl3*4NH;  Violet

— - N QO
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Werner's Theory

Vilet S m & .' s : . - '. :
q . ThIS approach correctly
@

) - predicts there would be tWO: L
| -ferms of CeCI 4 NH

- - >The formula Would be wrltten : .
L BdmmcEe

m > One of the two forms has the two -
o 2 D  chlorines next to each other.. =
Q@ " @ ) > The other has the chlorlnes e

opposﬂe each other i

Chemistry of
Coordination
Compounds



Coordination Number

H3N

HaN<——

NH,

NH;,

NH,

— NH;

12+

H;N

H;N
S0 N,
NH;
NH; _

2+

£ -metals)

"+ The most commonly

encountered numbers

_are4 and 6. |
. Some metals such as

Chromlum(lll) and

_cobalt(ll}), ConS|stentIy |

~have the same s
Coordlnatlon number (6 -
in the case of these two
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Geometries

Geometry

Coordination
number

.'\;;j;}ﬂ—--"'-\-_ y
Tetrahedral

S;ci;.lare pla;har

Octahedral

Various cocrdination geometries
Steven S. Zumdahl, Chemisty, Third Edition, © 1993 by D. C. Heath and Company
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_» Shape of various
- coordination
compounds
depends upon the
number of ligands _
~around central atom.
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Dentlc:lty of ngands

”Some Ilgands have two il
_or more donor atoms.

These are called _
~ polydentate ligands or
chelating agents.

¢ In ethylene diamine ,
i i, CH,CH NH)

':”'represented here as en,
~each Nis a donor atom e )

[Co(en)s]’"
. Therefore en is CaIIed s e L o
i bldentate : i i e i e Coordination

Compounds



Polydentate Ligands

CoEDTA ™

| :-'%-_Ethylene d|am|ne tetra

acetate, shortly abbreVIated

as EDTA has six donor
- --;atoms ' '

(”) :ﬁ:
—:O—CCH CH,C—0O:= O O :
2 P 2 \ / -
NCHZCHZI_\]\ = N—N
—:OQ—CCH, CHZ(”Z—O [ *O/ \O*
O :0:
[EDTA]*
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Nomenclatnre of Coordination %
Compounds

Name in Name in
Ligand Complexes Ligand Complexes
Azide, N3~ Azido Oxalate, C,04%~ Oxalato
Bromide, Br™ Bromo Oxide, O~ Oxo
. Chloride, C1” Chloro Ammonia, NHj3 Ammine

-+ Cyanide, CN™ Cyano Carbon monoxide, CO Carbonyl

. Fluoride, F~ Fluoro Ethylenediamine, en Ethylenediamine
Hydroxide, OH ™ Hydroxo Pyridine, CsHsN Pyridine
Carbonate, CO3%~ Carbonato Water, H,0O Aqua

The baS|c protocol in coordlnatlon nomenclature s
_is to name the ligands attached to the metal ag
preflxes before the metal name. | B

« Some Common Ilgands and thelr names are chendbiyof
IlSted abOve i e i el Coordination

Compounds



' Nomehclature of Ceordihetion )
Compounds

’ As Is the case with ionic compounds the name of
~ the cation appears first; the anlon is named last.

ngands are listed alphabetlcally before the metal
Preﬂxes denotmg the number of a part|cular Ilgand
are |gnored when alphabetlzmg '

Cation Anion

- [Co(NH;)5CI]Cl, Pentaamminechlorecobalt(III)\ /Chloride\ .

5 NH; Cl™ Cobalt in
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' NomehclatUre of Ceordihetion )

Compounds

. The names of anionic Ilgands end in o’ the
~endings of the names of neutral Ilgands are not
'f__changed " "
. Prefixes tell the number ofa type of Ilgand in the

| Complex If the name of the ligand itself has such

a prefix, alternatlves I|ke b/s- tr/s- etc are
: ::--___.used for eg. : = -

| [Co(NH CH CH NH )3] (SO) is named as :
- Trls(ethane 12- dlammlne)cobalt(lII)squhate Chenstry of

Coordination
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Isomers

Isomers
(same formula, different properties)

b

Structural isomers | Stereoisomers :
(different bonds) (same bonds, different arrangements)

At Coordination- Linkage Geometric Optlcal
_ sphere isomers isomers isomers isomers

s Isomers have the same molecular formula but

- their atoms are arranged either in a different order '
~ (structural |somers) or spatlal arrangement S
_'__(stere0|somers) e e oy of
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Structural Isomers

Nitro isomer

. 9
¢ %q
%9

Nitrito isomer ,

o a Ilgand (Ilke the NO-___H

:_'group at the bottom of
the Complex) can blnd
to the metal with one

~oranother atom as the
~donor atom, Ilnkage |
'-|somers are formed
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Structu ral Isomers

-Some |somers dlffer in what Ilgands are
_bonded to the metal and what is outS|de
~the coordination sphere; these are

- _Coordlnatlon -sphere isomers.

+ Three isomers of CrCI3(H O) are
. >The V|olet [Cr(H O)G]CI :

_ >The green [Cr(H O)CI]CI H 0. and
>The (also) green [Cr(H O) CI ]CI 2 H O




Stereoisomers

GEOMETRIC ISOMERS

@ @ - With these geometric
) _ isomers, fwo chlorines
@ @ and two NH groups -

i i ~are bonded to the
i e e platmum metal, but are |

- - clearly different.
>C/s-lsomers have Ilke groups on the same side.

>trans—|somers have ||ke groups on opposﬂe SldeS
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Stereoisomers

Mirror image of left hand
is identical to right hand

Left ha d

Other steremsomers Called optlcal |somers oF
enantlomers are mirror |mages of each other S

Just as a rlght hand W|Il not fit mto a left glove

two enantiomers Cannot be superlmposed on .,
: emistry o
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Valence bond theory

Coordination Type of

number

hybridisation

dsp?

sp3d

sp®d? (nd
orbitals are
involved —
outer orbitals
complex )

d?sp3((n-1) d
orbitals are
involved —inner
orbital )

Structure
tetrahedral
Square planar

Trigonal
bipyramidal

Octahedral

octahedral

metal atom or ion under the

‘influence of ligands can use

its (n-1)d, ns, np orns, np, .
nd orbitals for hybridisation

to yield a set of equivalent
orbitals of definite geometry

-such as octahedral,

tetrahedral, and square
planar. These hybridised
orbitals are allowed to
overlap with ligand orbitals
that can donate electron

_pairs for bonding
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Crystal Field Theory

o Created to explaln why transmon metal ions in oomplexes
(havmg unfllled d -shells). are not necessarlly paramagnetlo

" _' Wlth ooord|nat|on bondlng vaIenoe d- orbltals are not truly
' degenerate Instead they spI|t

o Some are Iower In energy (more stable) and some hlgher

€, Tz dy + ‘ e

- E ‘ﬁﬂ | Chemilistry of

;\ ' ' =i Coordination

Y- ; Compounds
d.. d |



Crystal field theory

= The gap between the hlgher and lower energy IeveIs e
s called the crystal-field splitting energy, which varies

_ with each ligand, yielding dlfferent e (different A,
 different colors). :

_* e-inan “unfilled” d- sheII can actually be all palred
R dlamagnetlc)

Ex: Co* (h:as 6de-) |

“efds dea_ya + 'Y
111 / ;
vy
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Applications of coordination
compounds

_ Coordlnatlon compounds are used for many
applications |

B t.-___Extractlon processes of gold and s:lver

* Used as catalysts in many mdustrlal processes |
- * Hardness of water (EDTA). |
= Purlflcatlons of metals

» Chelate therapy (removal of toxic proportlon of |
“metals in the body). | o

_ + EDTA s used in treatment of lead p0|son|ng
~ * Platinum compounds inhibits the growth of tumors. =~ i of
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