Isomerism - Stereoisomers

6 CN ; Octahedron, Triethylentetraamine
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Isomerism - Stereoisomers

Number of possible Isomers

E g e o
X8 Erﬁﬂﬁﬁ,—l ﬂl‘éﬁﬁ-rﬂ H% Glﬁﬂﬁl’é—l

51814

2 oldEH e

?}UI ) UI”"'HP’"H T

Mayg

Ma 5b

Mﬂ4b 2

Mu _1]33

Maybe
Majbed
Masbcde
Mabcdef
Masb-c,
Mazbgcd

Ma _qh 2C
M{AANBC)de
M(AB)(ABjcd
M{AB)CD)jef
M(AB);
M{ABA)cde
M(ABC),
M(ABBA)cd
M(ABCBA)d

-

o
= e T R e I

e R = R Y R T R i S

(BN

Wl e LA

F EAZ 27149 7

= Zgo|E F7hzo|T



Isomerism - Stereoisomers

Number of possible Isomers
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Isomerism - Stereoisomers

Number of possible Isomers
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iIsomerism — otereoisomers.
Combination of Chelate Rings (A, A)

Handedness of chelate Rings
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iIsomerism — otereoisomers.
Combination of Chelate Rings (A, A)
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iIsomerism — stereoisomers.

Combination of Chelate Rings (A, A)

Procedure for Determining Handedness
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iIsomerism — otereoisomers.
Combination of Chelate Rings (A, A)

CoEDTA-

Not coplanar, not connected at the same atom
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ISOMCTISIT — olereoIsomers. Ligndad ning
Conformation

6 CN ; Octahedron, Triethylentetraamine
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somerism — olerecoisomers. Lignaa ning
Conformation

Chelate Ring Conformation (A, §)

Ex) ethvlenediamine (en) : Ist line — conneting atoms bonded to the metal
2nd line — conneting two carbon atoms

1st = 2nd : counterclockwise = A
1st =2 2nd : clockwise =2 8

a2l 9-16 Zyjoje 2|9 4

Ardi-[Co(en),]*

A666-[Colen), |
more stable in calculation

actually, in solution A € -2 o intercoversion  in soln. 664 is most abundant in A form




ISOMCTISIT — olereoIsomers. Ligndad ning
Conformation

6 CN ; Octahedron, Triethylentetraamine
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1IS0Merisin — Lonsutulornal 1Isomers.
Hydrate Isomers

Hydrate Isomers: having water as either a
ligand or an added part of the crystal structure
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1I90IMerisif — LCOrsututionidl 150I11ersS.
lonization Isomerism

lonization Isomers: Exchange of ions between
inside and outside coordination sphere
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1I90IMerisif — LCOrsututionidl 150I11ersS.
Coordination Isomerism

Coordination Isomers: require at least two
metal

[CD(EH)HJH[CF(CN)&JE— lPt(N H3)4J2+lptclﬁjz_
[Cr(en);]* [Co(CN)J* [Pt(NH,),Cl,]2*[PtCl,]*



10Merisim — LOonsutvutiondl 1IsOITiers.

Linkage (ambidentate) Isomerism

Linkage Isomers: Compounds containing

ambidentate ligand

thiocyanate

nitrite
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150Merisitn — ocpParatior ana
Ildentification of Isomers

Separation
Fractional Crystalization — packing, solubility, size, charge

Chiral Isomers
Resolution — chiral counterions

|dentification
X-ray crystallography

Optical rotatory dispersion (ORD)

Circular dichroism (CD)




Coordination Numbers and Structures

Structures vs Properties.

1.

R

Pl 5=

Factors for Structures

Number of Bonds

Bond formation is usually
exothermic.

So stability

VSEPR

Occupancy of d orbitals
Square-planar vs Tetrahedral
Steric Effects

Crystal Packing Effects
Crystalline Lattice vs Solution

What is common thing?
Which one is a dominant factor?

Geometries

Rare

Linear

Trigonal-plane

Tetrahedron, Square-plane

Trigonal bipyramid, Square pyramid

Octahedron, Trigonal prosm

Pentagonal bipyramid, Capped trigonal
prism, Capped octahedron

Known up to 16 CN




Coordination Numbers and Structures

Oxidation States of Transition Metals

Sc | Ti | V] Cr | Mn| Fe | Co | Ni|Cu]Zn
=0 0 0 0 0 0 0 0
-1 0 0 0 0 0 0 O
-2 0 0O 0 O O O[O0 ] 0] O
F3 | O 0 0 O 0 0O O 0 0
4 O 0 0 O 0 0 0
5 0O 0 0 0
6 O 0 0
-7 O

O : most common




LOOTraInation Nummpers drid otruCtures
CN=12 and 3

CN =1, Rare
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CN=1,2, and 3

CN = 2, Rare, Linear (D))

LOOrdinatiorn NuUmpers and otrucCuures

Mostly d'® metals, Ag(l), Cu(l), Au(l), Hg(ll)

d5, d6, d7

NC —Hg —CN

CMN—Au— CN—|

2

He

3 4 5 b 7 2 2] 10
L || Ee Examples of CN =2 E L c v flofl F |l ne
. £ - vg, . 13 14 15 16 17 18
. ; N N N A S F & Cl A
31 32 33 34 35 3]
Ga Ge AS Se Eir Kr




LOOTraInation Nummpers drid otruCtures
CN=12 and 3

CN = 3, Rare, Trigonal planar (D)

Mostly d'°, N

PPh., N(SiMe.),,

Bulky enough, Steric effect vs Electroic structure
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LOOTIdinatiorn NUIMmMpers dand otrucCtures
CN=4

CN = 4, Tetrahedral (T,) Squre-planar(D,,)
Tetrahedral (T,) ; very common,

F O ¢
A S e
T % Uy
8l 9-25 HAIHF 7=E 7| ) N
X= AstsSs. BF, MnO, Ni(COyj, [Cu(py),]*



LOOTIdinatiorn NUIMmMpers dand otrucCtures
CN=4

CN = 4, Tetrahedral (T,) Squre-planar(D,;)
Squre-planar(D,,) ; mostly d® (Pd(ll), Pt(ll), Ni(ll), Ag(lll),
Ir(l) Rh(l))
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LOOTIdinatiorn NUIMmMpers dand otrucCtures
CN=4

CN = 4, Tetrahedral (T,) Squre-planar(D,;)
Squre-planar(D,,) ; mostly d® (Pd(ll), Pt(ll), Ni(ll), Ag(lil),
Ir(l) Rh(l))

Tetrahedral vs Square-planar
Counterion, Crystal Packing
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L Oordination Numpers afid otruciures
CN=5

CN = 5, Trigonal bipyramid (D), Square pyramid (C,,)

. Q) ) 'E.h
Fe(CO).
' | 180.6 pm .
CO . I o oi
- g — C | .
CO 183.3 pm %\’ ] 9
O _—
: A
crystal I3C NMR in solution [rﬁ:

Fluxional behavior.

[NHCNIPPh{OEL )]




L Oordination Numpers afid otruciures
CN=6

CN = 6, Octahedral (O,) most common
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L Oordination Numpers afid otruciures
CN=6

CN = 6, Octahedral (O,,) to Trigonal Prism (D)

® Ao

trigonal elongation and 60° rot: ﬂmn
: trigonal antiprism (D) : trigonal prism (D))

Usually with three bidentate ligands

1 Interactions between adiacent sulfur atoms



LOOrdinatiorn NuUmpers and otrucCuures
CN=7

CN = 7, Pentagonal bipyramid (O,), Capped
trigonal prism, Capped octahedron
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L Oordination Numpers afid otruciures
CN=38

CN = 8, Square antiprism, Dodecahedron

Eight coordination is rare in
the first row transition
metals

Why?

Central ion must be
large in order to
accommodate eight-
coordination

(]

CArmmnracend CArlirara Aantinriecern



LOOrdinatiorn NuUmpers and otrucCuures

CN > 8, known up to 16, not common

18 9-33 = HiI$E MK
S| SIEHEE. (@) [CeNOs[ ™. Lt
0|E&|0|Enirate) 2|ZtE7} 5 A}
2| 2|7F=2 HEh (T. A. Beinnecke
2} J. Delgaudio 2| Inorg. Chem.
1968. 7. 7150 A L& E) (b)
[ReH9]2-, WY F &2 Z2[&
(capped trigonal prism) 325, (S. C.
Abrahams, A. P. Ginsberg, 12|10 K.
Knox 8| Iorg. Chem. 1964, 3, 5580f
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_"_ Multimetallic Compexes

Without direct M-M bond






