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Chemistry of Coordination Color Theory
Compounds - Chapter 19

Where does the color of objects come from?

From the paint covering the object!

Group 8B: laﬁ"um (Pt) a ‘ Group 1B: Group 18: Group 1B:
copper (Cu)  silver (Aqg) gold (Au) . .
g. i Where does the paint gets its color?
dblock | [ ] i
I e From the paint pigments!
roup 28: left, zinc (Zn); W FaP G N G 2 G B Fe o W Gl T
T T T e —
ChemIStry 223 g @ g g H H Colorful transition metal compounds!
")9) Professor Michael Russell " [ e
MAR vHiaD
Why Study Transition Metals Periodic Table

¢ Transition metals found in nature
ARocks and minerals contain transition metals
“Red rubies (Cr), blue sapphires (Fe and Ti) d block transition elements
AMany biomolecules contain transition metals
*Vitamin B12 (Co), Hemoglobin, myoglobin, and
cytochrome C (all Fe)
# Transition metals used in industry

A Material science (steel, alloys)

A Transition metal compounds are used as pigments fblock transition elements
«TiO, (white), PbCrO, (yellow), Fey[Fe(CN)s]; (Prussian
blue)
MAR MAR
d-Block Transition Elements Transition Metals
VIIIB # General Properties
B 1vB VB VIB VIIB / l \ B 1B A Have typical metallic properties (malleable, etc.)
Sc | Ti | V|[Cr|[Mn| Fe|Co| Ni|Cu|Zn ANot as reactive as alkali and alkaline earth metals
A Have high melting points, high boiling points, high
Y |Zr |[Nb|{Mo| Tc | Ru | Rh | Pd | Ag | Cd density
La|Hf | Ta| W | Re| Os | Ir | Pt | Au | Hg AHave 1 or 2 s electrons in valence shell
A Differ in # d electrons in n-1 energy level
Most have partially occupied d subshells in A Exhibit multiple oxidation states

common oxidation states A Both paramagnetic and diamagnetic ions exist
A Most ions deeply colored (crystal ficld theory)

MAR MAR
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Electronic Configurations

Element Configuration
Sc [Ar]3d!4s2?
Ti [Ar]3d24s2
A% [Ar]3d34s2
Cr [Ar]3d34s!
Mn [Ar]3d34s2
Fe [Ar]3ds4s2?
Ni [Ar]3ds4s?
Cu [Ar]3d!94s!
Zn [Ar]3d104s2
MAR MAR

Electronic Configurations of Transition Metal Ions

Electronic configuration of Fe ions:

Fe —2e- — Fe2t.

valence ns electrons
removed first,
then n-1 d electrons

MAR MAR

Coordination Chemistry

Transition metals act as Lewis acids and form complexes
or complex ions with Lewis bases or ligands

Fe3*(aq) + 6 CN-(aq) — Fe(CN)¢3-(aq)
Lewis acid Lewis base Complex ion
Ni2z(aq) + 6 NH;(aq) — Ni(NH3)¢?*(aq)

Lewis acid Lewis base Complex ion

Complex contains central metal ion bonded to one or more
molecules or anions

Lewis acid = metal = center of coordination

Lewis base = ligand = molecules/ions covalently bonded
to metal in complex
MAR MAR

Oxidation States of Transition Elements

Sc |Ti \% Cr |Mn |Fe |Co |Ni |Cu |Zn
+1 |+l

2 42 |12 [+2 |2 |2 [v2 [+2 |+2

+3 |3 |+3 |3 |+3 |3 |+3 |3 A +3

4 |+4 |+4 |+4 |+4 +4/
+5 [+5 [+5x]+5 /
+6 |+6 6

+7 /

loss of ns and (n-1)d e-s

Paramagnetism and Diamagnetism
Paramagnetic species have unpaired electrons while
diamagnetic species have all paired electrons

Paramagnetic species are attracted or repulsed by
magnetic fields; the magnitude of the effect depends
on the number of unpaired electrons

Examples:

-

Paramagnetic Cr

[Ar]
3d

Diamagnetic Pd

[Kr] ]
4d

Coordination Chemistry

A coordination compound has one or more complexes.

Examples: [Co(NH;)6]Cls, [Cu(NH3),][PtCly],
[Pt(NH;),CL]

The coordination number is the number of donor atoms
bonded to the central metal atom or ion in the complex.

Example: [Co(NH;)¢]3* coordination number = 6
Example: [PtCl,]?- coordination number = 4
Most common = 6, 4 and 2
Coordination number determined by ligands
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Common Geometries of Complexes Common Geometries of Complexes
Coordination Number Geometry
Coordination Number Geometry

4 tetrahedral
2 (most common)

* Examples: [Zn(NH;)4]?*, [FeCl,]-

and

Linear

Example: [Ag(NH;)]*

MAR MAR
Common Geometries of Complexes Coordination Chemistry
Coordination Number Geometry Charge of complex = sum of charges on the
6 metal and the ligands
Charge of coordination compound = sum of
(most common of all metal charges on metal, ligands, and
coordination numbers) counterbalancing ions
[Fe(CN)g]*- [Co(NH;)6]Cl,
Examples: [Co(CN)s]3-, [Fe(en);]3+ \ ) l
hedral 3 6(-1) 6(0) 2(-1)
octahedra
anionic complex neutral compound
MAR MAR
Coordination Chemistry Monodentate Ligands
Monodentate ligands possess only one accessible
Ligands - aka Lewis bases donor group.
A classified according to the number of bonds to H,0 is a good example since a/l metal ions exist

central metal

as aqua complexes in water
A"dentate" = "tooth"

Monodentate Ligand Examples:

A Examples .
+monodentate — 1 el A H,0, CN-, NH3, NO,,, SCN-, OH-, X- (halides),
t t -
bidentate — 2 chelating agents CO, 0?

Example Complexes:

A[Co(NH3)e]**
“*polydentate = 2 or more donor atoms A [Fe(SCN)J*-

*tetradentate = 4
“*hexadentate = 6

MAR MAR
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Bidentate Ligands Bidentate Ligands
Bidentate Ligands have "two teeth", able to bond oxalate ion (0x) ethylenediamine (en)
; 0 0. 2-
. with metal at two separate places ,O\\ //Q /CHZ‘CH%
Bidentate E'xamples. ) /C C\ ) H 2.11 NH,
A oxalate ion = C,0,2 g -8.‘ R
A ethylenediamine (en) = NH,CH,CH,NH, .
A ortho-phenanthroline (o-phen) ortho-p *l;(():lg\e (o-phen)
Example Complexes: " I“’/ I
A [Co(en)s]* Donor Atoms  y 2SN
A [Cr(C:09)s] |
A [Fe(NH;)(o-phen)]* TSt Sl
MAR MAR
Bidentate Ligands Bidentate Ligands

Fe(o-phen);2+;

(Fe(ll)

3+
MAR Cofen); MAR
Bidentate Ligands EDTA
Another bidentate ligand: A commonly used polydentate ligand

Dimethylglyoxime (dm
vigy (dmg) Forms 1:1 complexes with most metals

Ni(dmg), (from lab): except Group IA
Forms stable, water soluble complexes

H//// [ ]
He <|J/ "’T o High formation constants
3 3
\C:N,, \\N=c/ ° A primary standard material
T
NV, .
c=N" in=C¢ See the movie "Blade" (!
7
H,C | [N °
CHy o
0//,,//, /0
//H
MAR MAR
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*0—C—CH,
Nk

O:

EDTA
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Six Donor Regions

. /CHyC—
N—CH,"CH,"N
.o /- . 2 2 . -\
*Q_—ﬁ—CHz

:ﬁ: .
o

CHz‘ﬁ_:O:*

O

EDTA (Ethylenediamine tetraacetic acid) will adapt
its coordination number to bond with the metal

EDTA

Formation constants (K;) for some
metal - EDTA complexes.

lon log K lon log K lon log K
Fe3+ 251 Pb2+ 18.0 La3+ 154
Th4+ 23.2 Cd2+ 16.5 Mn2+ 14.0
Cr3+ 23.0 Zn2* 16.5 Caz+ 10.7
Bis+ 22.8 Co?* 16.3 Mg2+ 8.7
Cu2+ 18.8 AR+ 16.1 Sr2+ 8.6
Niz+ 18.6 Ce3* 16.0 Baz+ 7.8
Myoglobin

Myoglobin, an Fe-containing
protein that stores O, in cells

MAR

MAR

MAR

CoEDTA™

Porphine, an important () ther Chelating Agents

chelating agent found in
nature

Coordination Environment of Fe2* in
Oxymyoglobin and Oxyhemoglobin

Oxymyoglobin
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Nomenclature of Coordination Nomenclature: IUPAC Rules

The cation is named before the anion. When naming a Neutral ligands are referred to by their usual name
complex: with these exceptions:

# Cations named first, then anions. Anion metal gets Awater, H,O = aqua
-ate ending U

. . . A ammonia, NH; = ammine
¢ Ligands are named first in alphabetical order. Most 3

ligands have -o ending; multiple ligands use Greek
prefixes

¢ Metal atom/ion is named last with the oxidation state in
Roman numerals.

A carbon monoxide, CO = carbonyl
Ahydroxide, OH- = hydroxo
If the ligand name already contains a Greek prefix, use
alternate prefixes for multiple occurrences:
Abis-, 2; tris-, 3; tetrakis-,4; pentakis-, 5; hexakis-, 6
A The name of the ligand is placed in parentheses; i.e.
bis(ethylenediamine)

¢ Use no spaces in complex name
¢ See Coordination Compounds Handout

MAR MAR
Nomenclature Nomenclature
Q Tris(ethylenediamine)nickel(II) ion
9
8 % 9 o B
Hexaaquacobalt(II) ion 9 9 \
H,0 as a ligand is aqua Cu(NH3),2 %
Tetraamminecopper(II) ion [Ni(NH,C,H,NH,);]2+ 5
IrCI(CO)(PPh;),
M; Pt(NHy),Cl,  cis-diamminedichloroplatinum(il) Vaska’s compound
NH; as a ligand is ammine Carbonylchlorobis(triphenylphosphine)iridium(I)

Most metals in this section octahedral,
MAR some tetrahedral/square planar (Cu, Pt) MAR

Nomenclature: IUPAC Rules Cls.platm
cis-[PtCly(NH3),]

[CoCI(NH;)5]Cl,

pentaamminechlorocobalt(III) chloride

K5[CA(CN)4]

Potassium tetracyanocadmate(II)

NiCly(en),

Dichlorobis(ethylenediamine)nickel(1I)

CrCl3(C4Hg0)5 (C,HO = tetrahydrofuran)

Trichlorotris(tetrahydrofuran)chromium(I1I)

% 1
®

square planar Pt(ll)
coordination number 4

cis-isomer
the first of a series of platinum coordination complex-

based anti-cancer drugs (Platinol-AQ)
MAR MAR
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ISOMERS),

Isomerism W, Coordination Sphere Isomers
» ? - Coordination sphere isomers differ if a ligand is
ISOMERS EVERYWHERE bonded to the metal in the complex, as opposed to

Isomers are compounds that have the same

o . . being outside the coordination sphere (ionic
composition but a different arrangement of atoms in

bonding). Different reactivities!

space .. . . . Consider [Co(NH;3)sClI]Br vs. [Co(NH;)sBr]Cl
Important in inorganic and organic chemistry
Major Types include: [Co(NH3)sCl]Br — [Co(NH3)sCI]* + Br-

A coordination sphere isomers . [Co(NH;)sBr]Cl — [Co(NH,)sBr]* + Cl-

A linkage isomers With AgNOj:

[Co(NH3)sCl]Br(aq) + AgNOs(aq) —
[Co(NH5):CIINOx(aq) + ABi(s)

[Co(NH3)sBr]Cl(aq) + AgNO;(aq) —
[Co(NH3)sBr]NO;(aq) + AgCl(s)

A geometric isomers (cis, trans, mer, fac)
A stereoisomers

/ {
MAR ISOMERSIARE COMING,, INUZV4

Linkage isomers differ in which

atom of a ligand is bonded to Llnkage Isomers Geometric Isomers
the metal in the complex G ric i b d b
Consider [Co(NH;)s(ONO)J2* eometric isomers have same types and number

of atoms, but they differ in the spatial
arrangements of the ligands

Inorganic complexes exhibit cis and r7ans
: ) isomerism in square planar and octahedral
4 complexes, as well as m¢7 and fac isomers in

and [Co(NH3)s(NO,)]>

octahedral complexes

Geometric isomers lead to different colors,

NHy » NH; . . . . .
HN | HN |

a: pentaamminenitrocobalt(I1T) ”?\,/i\l\:‘{: u;&t: milttl)nlg p oints, boiling points, reactivities,

(yellow color) N LA N solubilities, etc.

b: pentaamminenitritocobalt(III) S

red color, o YOU CANT JUST/ASK ISOMERS IF)
MAR ( ) @ ® MAR THEV'RECIS/OR TRANS 1.

Geometric Isomers Geometric Isomers

o

cis isomer trans isomer C1S 1s0mer trans 1somer

Pt(NH;),Cl, - square planar [Co(H,0)4CL]* - octahedral

MAR MAR
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Optical Isomers
Optical isomers are isomers that are nonsuperimposable
mirror images
Optical isomers are called chiral (handed) and referred to
as enantiomers
A substance is chiral if it does not have a plane of
,\1\‘/77111(’71:\'

Geometric Isomers

Isomer | Isomer Il Isomer Il

mer isomer fac isomer é) /‘%‘, Z;l\ /‘; /'LJ//i

[CrCl(H,0Ys] - octahedral D U et

MAR MAR Isomer Il

Mirror

i

Mirror image of left hand
is identical to right hand

Enantiomers Properties of Optical Isomers

Optical isomers or enantiomers possess many
identical properties

Enantiomers have similar solubilities, melting
points, boiling points, colors, chemical
reactivity (with nonchiral reagents)

Enantiomers differ in their interactions with
plane polarized light and other chiral reagents

T\W‘

Y

Left hand

MEIDECIDINGAW-
OPTICALLY/AGI

MAR MAR

Optical Isomers Optical Isomers

polarizing polarizing filter
H filter plane polarized | %
%S light -

-

light unpolarized
source light

plane
polarized optically active sample
light (enantiomer) in solution

|

|

Dextrorotatory (d) = right rotatior I
I

a

Levorotatory (1) = left rotation

Racemic mixture = equal amounts I

(vibrates in one plane) of two enantiomers; no net
rotation rotated polarized
light

(random vibrations)

MAR MAR
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Properties of Optical Isomers Crystal Field Theory
Differences in enantiomer reactivity with other chiral Crystal Field Theory is a model for bonding in
reagents can lead to separation methods transition metal co;llplexes
Example: Accounts for color and magnetism of complexes
quite well

d-C4H,0¢>(aq) + d,I-[Co(en)s]Cly(aq) —
chiral reagent racemic mixture
d-[Co(en)s](d-C4H40¢> )CI(s) +
solid d enantiomer
I-[Co(en);]Cls(aq) +2Cl-(aq) As in organic chemistry, molecular orbital theory
is better but much more complex

Focuses on d-orbitals of metals. Ligands are
considered to be point negative charges
Assumes ionic bonding (no covalent bonding)

aqueous / enantiomer

Very complex procedures, but important (Ritalin, Thalidomide, etc.)

MAR MAR
. Z .
d orbitals Crystal Field Theory
X X Electrostatic attractions between the positive metal
ion and the negative ligands bond them together,
lowering the energy of the whole system
doo 42 The lone pair e-’s on ligands repulsed by e-’s in metal
R “ z d orbitals; this interaction is called the crystal
field
x X v The repulsion influences d orbital energies, but not
all d orbitals influenced the same way
dxy dxz dyz
MAR MAR
N Notice how
Crystal Field Theory (b) and (c)
exhibit
N direct
Octahedral Crystal Field overlap
between d
(-) Ligands attracted to (+) orbitals and
ligands

metal ion; provides
stability

d orbital e-’s repulsed by
(-) ligands; increases d

orbital potential energy dy a4 .
(d) () (i}

ligands approach along x, y, z axes
MAR MAR

d Orbitals and the Ligand Field
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Crystal Field Theory

dy2.y2
Lobes directed ar ligands

d;2

greater electrostatic repulsion = higher potential energy

MAR

Crystal Field Theory

octahedral crystal field

isolated
gas phase

metal ion

d-orbitals
MAR (degenerate)

7

é/

d2 de.y2

d orbital energy levels VA

/
/ e
// dXY dxz dyz

/ -
-

metal ion in octahedral
complex

Octahedral Crystal Field "@onn octahedl

d orbital energy levels

isolated
gas phase

metal ion

d-orbitals
MAR

A\N

7

complex

d2 de.y2

/ A,

/ - —
/ e
e - dXY dxz dyz

/ -
-

Metal ion and the nature of the
ligand determines the magnitude

of B,

MAR

MAR

MAR

Crystal Field Theory

dyy de, dy

Lobes directed between ligands

less electrostatic repulsion = lower potential energy

Crystal Field Splitting Energy

d,2 dey2

Magnitude of Dy

A determined by metal ion

and ligand

dxy dxz dyz

A = crystal field splitting energy (J, kJ, etc.) in an
octahedral (o) field

Crystal Field Theory

Crystal Field Theory can be used to account for
the colors of complexes as well as magnetic
properties

A complex must have a partially filled metallic d
subshell to exhibit color; i.e. a complex with d°
or d!° is colorless

Amount of paramagnetism depends on ligands;
i.e. [FeFg]* has five unpaired electrons while
[Fe(CN)gJ3*- has only one
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Visible Spectrum

Narrow beam
Slit,  of polychromatic
st Narrow beam
of monochromatic

hghl‘ g‘[gf

Sample

Graphical display
of spectrum

Source of Prism’
visible light

Detector

Compounds/complexes with color absorb specific
wavelengths of visible light (400 —700 nm); wavelengths
not absorbed are transmitted

MAR

More on Colors

Violet

630 430

absorbed ——»

color Orange
observed

590 color

The color observed in a compound/complex is actually the

complementary color of the color absorbed
MAR

Colors of Transition Metal Complexes

Absorption of UV-visible radiation by compound or
complex occurs only if the radiation has the energy
needed to raise an - from its ground state (highest
occupied orbital or HOMO) to an excited state
(usually the lowest unoccupied orbital or LUMO)

The light energy absorbed = energy difference
between the ground state and excited state, or

AE = Erymo - Enomo = hv = he/Apax

MAR

Visible Spectrum
wavelength, nm

(Each wavelength corresponds to a different color)

400 nm 700 nm

<«— higher energy lower energy ~ —

l:| White = all the colors (wavelengths)

MAR

More on Colors

Intensity of transmitted light

=

00 500 600 700 750
Wavelength (nm)

[Cu(NH3)]2*:
absorbs yellow, ...S0 observed color of
orange, and red... complex is navy blue.

The color observed in a compound/complex is actually the

complementary color of the color absorbed
MAR

Colors of Transition Metal
Complexes

T

~Tight > absorbe ’

T™ T 7T T T

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

corresponds to subshell to the higher d
energies of visible = subshell.
light. " ¢

MAR
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Colors of Transition Metal
Complexes
The magnitude of A depends on the ligand field

(i.e. types of ligands) and the metal, and A
determines the color of the complex

Different complexes exhibit different colors due
to the magnitude of A\

larger A = higher energy light absorbed, shorter
wavelengths

smaller A = lower energy light absorbed, longer
wavelengths

MAR
Colors of Transition Metal
Complexes
white blue light orange light
“Tight ~ A absorbed observed
(higher
energy
/I\ /I\ /I\ light)
[Cr(en); 3
en is a "strong field ligand"
MAR
Colors of Transition Metal Complexes
The Spectrochemical Series:
Smallest A A increases Largest A
I <Br < Cl- < OH- < F- < H,0 <NH; < en <0, < CN- < CO
trong fiel
weak fiel strong field
MAR

MAR

MAR

MAR

Colors of Transition Metal
Complexes

T

. . green ligh
_yhite, Ll e
| e T 1
energy
light)
[Cr(H,O)6]?*

H,0 is a "weak field ligand"

Chromium(III) with different ligand
fields
A ‘ E ‘ =

E.C‘
g
R i
WO gy
D
[CrF, >~ [Cr(H,0),** [Cr(NH,), P+ [Cr(CN) >~
Green Violet Yellow Yellow
Spectrochemical
Series H
o
3
Examples with chromium(I11): <
Complex Ay, (nm 400 500 a0 0
Wavelength (nm)
CrClg*- 736 largest Ny, smallest A

Cr(H,0)g3* 573
Cr(NH3)g3* 462
Cr(CN-)s3- 380 smallest N, largest A

I < Br < Cl- < OH- < F- < H,0 < NH; < en < O, < CN- < CO
Smallest A

- Targest A
A increases Arges
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Paramagnetism of Transition Metal
Complexes
Many complexes / compounds are paramagnetic due to
unpaired d electrons

The degree of paramagnetism dependent on ligands
("ligand field")

Example with Fe3+:
[Fe(CN)gJ3- has 1 unpaired d electron
[FeF4]3- has 5 unpaired d electrons

Crystal Field Theory answers this discrepancy

Electronic Configurations of
Transition Metal Complexes

For complexes in a ligand field, d orbital occupancy
depends on A and pairing energy, P

¢ Electrons assume the configuration with the lowest
possible energy "cost"

& If A > P (A large; strong field ligand), e's pair up in
lower energy d subshell first, referred to as a low spin
complex

& If A <P (A small; weak field ligand), e's spread out
among all d orbitals before any pair up, referred to as
a high spin complex

d-orbital energy level diagrams
octahedral complex

dz

T T

two unpaired electrons

Electronic Configurations of
Transition Metal Complexes
Filling electron shells via CH 221:

¢ lowest energy vacant orbitals are occupied first

# clectrons fill degenerate orbitals singly until no longer
possible (Hund’s rule), then pair (Pauli Exclusion)

These rules help minimize repulsions between electrons.

These rules work well for gas-phase transition metal ions,
but they are not always followed by transition metal
complexes in a ligand field

MAR

d-orbital energy level diagrams
octahedral complex

d!

one unpaired electron

MAR

d-orbital energy level diagrams
octahedral complex

d3

T 1 T

three unpaired electrons

MAR
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d-orbital energy level diagrams
octahedral complex

d4
T I
T 1 I 1 I
high spin low spin
A<P A>P
MAR Sfour unpaired electrons two unpaired electrons

d-orbital energy level diagrams
octahedral complex

de
T 1 B
T 1 | A}
high spin low spin
A<P A>P
MAR Sfour unpaired electrons no unpaired electrons

d-orbital energy level diagrams
octahedral complex

ds

1 1
|

two unpaired electrons

MAR

MAR

MAR

MAR

d-orbital energy level diagrams
octahedral complex

ds
1 I
T 1 T | |
high spin low spin
A<P A>P

five unpaired electrons

one unpaired electron

d-orbital energy level diagrams
octahedral complex

d7
1 I 1
| | m 11 1
high spin low spin
A<P A>P
three unpaired electrons one unpaired electron

d-orbital energy level diagrams
octahedral complex

do

n 1.

Tl

M 1l
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= R S RS

. What is the name of the complex?
. What is the coordination number?
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d-orbital energy level diagrams

octahedral complex

dio

Tl
m 1 1

no unpaired electrons
diamagnetic
colorless

Example with Co(NH;)¢**

The absorbance spectrum of
Co(NHj3)s3* is shown to the right.

Absorption

H

. How many d electrons does the complex possess?

. Will this be a high spin or low spin complex?

. Is the compound paramagnetic?

. What is the value of A for this complex?

. What will be the observed color of the complex? What

color is absorbed?

Example with Co(NH;)¢**

. How many d electrons does the complex possess?

Cobalt(IIT) ions have the electron configuration:
[Ar]3ds (two 4s and 1 3d electron removed)
This complex has six d electrons (d°)

. Will this be a high spin or low spin complex?
To answer this, we need to look at the spectrochemical series.

NHj is considered a strong field ligand, which implies that A, the
splitting energy, will be greater than the electron pairing

energy (P).

The octahedral NH; ligand field makes this a low spin complex

500 600
Wavelength (nm)

MAR

MAR

MAR

Electronic Configurations of Transition

Metal Complexes

To determine which d-orbital energy level diagram to

use on a complex or compound:

A determine the oxidation # of the metal

A determine the # of d e-’s

A determine if ligand is weak field or strong field
A draw energy level diagram

Example with Co(NH;)¢**

. What is the name of the complex?

Each ammonia is neutral; hence, this is a cobalt(III)
complex

Ammonia is named "ammine"; hence,

Name = hexaamminecobalt(I1I) ion

. What is the coordination number?

There are six monodentate ammonia ligands around the
cobalt(III) ion; hence, this is a six coordinate
compound, or the coordination number = 6

Example with Co(NH;)¢**

. Is the compound paramagnetic?

This is a d® low spin complex in an octahedral field.

Three degenerate d orbitals are filled first, followed by
the remaining two orbitals.

Since each orbital holds two electrons, the three lower
orbitals are full and the complex is diamagnetic

m 11 1l
low spin

A>P

no unpaired electrons
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Moa

Example with Co(NH3):3*

The absorbance spectrum of
Co(NHj3)s3* is shown to the right.

Absorpti

w s o
Wavelength (nm)
6. What is the value of A for this complex?

Notice that A,,,,, = 500. nm in the spectrum, and

technically this is a question asking for A since the
complex is in an octahedral field

Ay = AE =hv = hc/h,,,,

Do =6.626%10-34] s * 2.998%108 m s-! / 500.%10- m
Do =3.97%10-1°J or

Ao =239 kJ/mol

MAR
d-orbital energy level diagrams for
tetrahedral complexes
MAR
d-orbital energy level diagrams for
square planar complexes
MAR

Example with Co(NH;)g**

Minax

The absorbance spectrum of
Co(NHj3)e3* is shown to the right.

Absorpti

w s w0 7o
Wavelength (nm)
7. What will be the observed color of the complex?
‘What color is absorbed?

Since A,y is 500. nm in the spectrum, this is the
wavelength that is absorbed.

Using 500. nm, the chart to the right implies that
the complex is absorbing the color green

The complementary color is the color that is
actually observed bﬁ our eyes. Redis
oppo(siite green, so the observed color should

be re
MAR
. metal ion in
djorbltal energy level tetrahedral complex
diagram for tetrahedral
complexes dy d,, d,
/ 4
s A
//
E| | / -~ 4o d
isolated / i 72 Ux2.y2
gas phase 7 - ) )
metal ion 7~ only high spin;
_____ ~ opposite of
d-orbitals octahedral
MAR
d-orbital energy level o
i metal ion in square
diagram for square planar complex
planar complexes L2
ooy
//// . d2
/ 7~
Ve e
E . /// e
isolated a - _ - -
gas phase /?/ < - dy, d,
metalion 2. —
_____ = only low spin,
d-orbitals more complex
transitions
MAR
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Example: Arterial Blood Example: Venous Blood

/,,,K Strong field I
‘ i \ large o /eak field

1
N ‘ SN L _om” 1
% ‘e\ T_ ﬂ _'l' N,g N _'l‘ L

( ds, low spin N ‘ N ds, high spin

Bright red due to
NH absorption of greenish light

- o lobin
”i (protein)
MAR " MAR

T

T small Ao

Bluish color due to
absorption of orange light

lobin
(protein)

II

You the guy who just made a Seven-
‘FTM\

coordinate compound of .7
Well weve got a MessAge for ya.. 2

End of Chapter 19

Chromium T doesn't L,l_gﬁ

being Seven- Coordinate ... See:

% Chapter Nineteen Study Guide

> Important Equations (following this
slide)

> End of Chapter Problems (following
this slide)

LATE. THAT NIGHT, FroFESSOR ROBINSON'S LABORATORY
WAS OVERRUN RY HOSTILE ELEMENTS.

MAR MAR
End of Chapter Problems: Test Yourself
Important Equations, Constants, and Handouts
from this Chapter:
. . 1. Give the electron configuration for the Cr3+ ion. Is it paramagnetic or
¢ The primary focus of this diamagnetic? o P o
chapter is to introduce you to 2. Which of the following ligands is expected to be monodentate and which
coordination compound might be polydentate? a. CHsNHz b. CHsCN c.en d.Br' e.phen
. f 3. Give the oxidation number of the metal ion in [Mn(NH3)s]SO4
norpe"c'ature (with a little 4. Give the oxidation number of the metal ion in Cr(en).Cl2
review of metals, electron 5. Write the formula for potassium tetrachloroplatinate(ll)
configurations, etc. as well 6. Write the formula for tetraamminediaquairon(1l)
from CH 221 and CH 222) 7. Name the following: [Ni(C204)2(H20)z]2
8. Name the following: Pt(NH3)2(C204)
Handouts:
« Coordination Compounds Handout
MAR MAR
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End of Chapter Problems: Answers

. [Ar]3d3, paramagnetic

a, b, d: monodentate c, e: polydentate (bidentate)
+2

+2

Ka[PtCla]

. [Fe(NHa)a(H20)2]2+

. diaquabis(oxalato)nickelate(ll) ion

. diammineoxalatoplatinum(ll)

eNoarLN
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