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Coordination Compounds of Cobalt Studied by

Alfred Werner
Werner’s Data*

Traditional  Total Free Modern Charge of
Formula Ions CI Formula Complex Ion
CoClL*6NH, 4 3 [Co(NH,)Cl, 3+
CoCL*5NH, 3 2 [Co(NH,)CIIC, 2+
CoCl,-4NH, 2 1 [Co(NH,),CLICI 1+
CoCL,*3NH, 0 0 [Co(NH,)Cly]

Nobel Lecture, December 11, 1913
On the Constitution and Configuration of Higher-Order Compounds
http://chemconnections.org/general/chem121/werner-lecture.pdf

Werner s Observations

* CoCly'nNH; (n =1 —4) can exist as four different
compounds with different numbers of “free” CI- ions per
formula unit.

» The NH; ligands are covalently bonded to the central
Co’* ion.

* A maximum of six ligands can be bonded to the central
cobalt atom.

* There are two isomers for the Cl ligands attached to
cobalt of CoCl;-4NHj.

Werner's. Observations
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Isomerism
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Isomerism

* Isomers: two compounds with the same formulas
but different arrangements of atoms.

* Coordination-sphere isomers and linkage isomers:
have different structures (i.e. different bonds).

¢ Geometrical isomers and optical isomers are
stereoisomers (i.e. have the same bonds, but
different spatial arrangements of atoms).

e Structural isomers have different connectivity of
atoms.

* Stereoisomers have the same connectivity but
different spatial arrangements of atoms.

Isomers
(same formula, different properties)
Structural isomers Stereoisomers.
(different bonds) (same bonds, different arrangements)
Coordination- Linkage Geometrical Optical
sphere isomers isomers isomers isomers

Enantiomers Diastereomers
(Chiral: (Chiral:
Non-superimposable Non-superimposabl
Mirror Images) Non-Mirror Images;

multiple chiral centers)

Isomerism
Structural Isomerism: Linkage Isomers

HN

QUESTION

Which of the following ligands might give
linkage isomers?

A.NO,

B. SCN

C. H,NHC,CH,NH,
D.Aand B

E. A,B,and C

Geometric (cis-trans) Isomerism
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A cis—[P{NH,),Cl,]  trans - [Pt(NH;),Cl,]
+ +

B cis-[Co(NH,),Cl,]* trans-[Co(NH5),Cl,]*

QUESTION

Consider the following complexes:
. Pt(NH,),Cl,(square planar)
Il Rh(en),” (en=H,N—CH,—CH,—NH,
' is bidentate)
luAcO(-lf (tetrahedral)
Which can exhibit cis-trans isomerism?
A)l
B) II
o) 1l
D)L 11
E) LI, 111




Stereoisomerism
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A cis - [Co(en),Cl,]* B trans - [Co(en),Cl, ]*

QUESTION

Suppose the molecule depicted

/ here was about to receive another
NO, ligand. How many binding
sites to the Co metal ion could be
considered for the additional NO,
to result in a cis arrangement of
the NO, ligands?

A. None, this could not result in
a cis arrangement.

. 1 other site

. 4 other sites

. 5 other sites

gnw

QUESTION

Stereoisomerism

% Enantiomers are chiral: i.e. They are non-superimposable
mirror images.

» Enantiomers are “optical isomers.” eg. (+) and (-)
carvone

® Most physical and chemical properties of enantiomers are
identical.

% Therefore, enantiomers are very difficult
separate eg. Tartaric acid...ask Louis Pasteur.

» Enantiomers can have very different physiological
effects: eg. (+) and (-) carvone

Chirality

“I call any geometrical figure, or group of points, chiral, and
say that it has chirality, if its image in a plane mirror ... cannot
be brought to coincide with itself. Two equal and similar right
hands are homochirally similar.”

Sir William Thomson (Lord Kelvin)
The Baltimore Lectures, 1904




Chirality

Chirality
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Chirality

QUESTION

Nautilus — 500 million years of little change

Is the nautilus chiral, and if so, right and/or left handed?
A) Yes, right

B) Yes, left

C) Yes, right and left

D) No

Optical Activity

Optical Activity

http://chemconnections.org/general/movies/Optical Activity.html

Optical Activity

Polarizing Angle of
filter rotation of
' plane of
thr\k;:olanzed : polarization
1 - Rotated o
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source 4
! Polarized  OPtically active

Polhrizer light solution

axis Ana\yzer
(+) dextrorotatory
(-) levorotatory
The mirror image of an enantiomer will rotate the plane of polarized
light by the same amount in the opposite direction. Eg (+) d-carvone
+62° and (-) l-carvone -62°.... What about a 50:50 (racemic)
mixture?

QUESTION

Which of the following complexes can
exhibit optical activity? (en =
H,N—CH;—CH,—NH, and is bidentate)

A. cis—Co(NH,),Cl,
B. trans—Co(en),Br,
C. cis—Co(en),Cl,
D. Co(NHj;);Cl,

E. none of these




Color and Magnetism

* Color of a complex depends on: (i) the metal and
(ii) its oxidation state.

Pale blue [Cu(H,0)]** can be converted into dark
blue [Cu(NH;)4]?* by adding NH;(aq).

A partially filled d orbital is usually required for a
complex to be colored.

* So, d° metal ions are usually colorless.
Exceptions: MnO and CrO /.

* Colored compounds absorb visible light.

* The color our eye perceives is the sum of the light
not absorbed by the complex.

Color and Magnetism
Color
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400 500 600 700 750 nm

A Color 750|400

Relation Between Absorbed and
Observed Colors

Absorbed Observed

Color A (nm) Color A (nm)
Violet 400 Green-yellow 560
Blue 450 Yellow 600
Blue-green 490 Red 620
Yellow-green 570 Violet 410
Yellow 580 Dark blue 430
Orange 600 Blue 450
Red 650 Green 520

Wheel Red Violet

630 430

Orange Blue
590 480
Yellow
560
Violet

observed| 1 absorbed
color color

Yellow

560

Colors of Transition Metal Complexes

* Absorption of UV-visible radiation by atom,
ion, or molecule:

— Occurs only if radiation has the energy needed to
raise an e from its ground state to an excited state
* i.e., from lower to higher energy orbital

« light energy absorbed = energy difference between the
ground state and excited state

* “electron excitation”




Colors of Transition Metal Complexes

white red light g‘“‘fn-liggﬁ-v
light absorbed observe

For transition metal Absorption raises an
complexes, A corresponds to electron from the lower d

energies of visible light. subshell to the higher d
subshell.

Colors of Transition Metal Complexes

« Different complexes exhibit different colors
because:

— color of light absorbed depends on A
* larger A = higher energy light absorbed
— Shorter wavelengths
* smaller A = lower energy light absorbed
— Longer wavelengths
— magnitude of A depends on:
* ligand(s)

¢ metal

Colors of Transition Metal Complexes

Colors of Transition Metal Complexes
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Green Violet Yellow Yellow

Color & Relative Ligand “Field” Strength

Largest A

A increases
Smallest A

I'<Br <Cl'<OH <F <H,0 <NH; <en <CN-

N /

weakest field strongest field

Crystal Field Theory provides an explanation of color.




QUESTION

Which of the following complexes will
absorb visible radiation of the highest
energy (shortest wavelength)?

A. [Co(H,0)e]*
B. [Co(I)s]*

C. [Co(OH),]}
D. [Co(en);]*
E. [Co(NH;)]*

Color & Visible Spectra
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Color& Spectra

Absorbance

400 500 600 400

* The plot of absorbance versugawié:{'/hé ength is the
absorption spectrum.

* For example, the absorption spectrum for [Ti(H,0)q]**
has a maximum absorption occurs at 510 nm (green and
yellow).

* So, the complex transmits all light except green and
yellow.

Therefore, the complex appears to be purple.

Magnetism

The apparatus below is a Gouy balance. (a) A sample is hung from
a balance so that it lies partly between the poles of an
electromagnet. (b) When the magnetic field is turned on, a
paramagnetic sample is drawn into it, so the sample seems to
weigh more. (c) In contrast, a diamagnetic sample is pushed out of
the field when the field is turned on, so it seems to weigh less.

Magnetism

+ Paramagnetic metal complexes have
unpaired electrons.

+ Diamagnetic metal complexes have paired
electrons.

+ There are some interesting observations.

Consider a @® metal ion:

— [Co(NH,;)s]** has no unpaired electrons, but
[CoF]® has four unpaired electrons per ion.

Crystal Field Theory provides an explanation.




