:Coordination Number (7) G«Uill 23

6 Oa AN Galiil) e Lalyy LAY jualindl cpa A 0¥) Aleddiad) pualind pudlly adld & 7 Aaliil) amd)
CICY) § D) jualic GUIS g LMEGY) jualiad) (pa AGNA 5 ASUN Aladadl jualiad dailiig § juaa (4SS
2 paaii 53 gana Anwdia YICE) 1AL ASLS jag
Capped trigonal prism¢aiall bl g31 AN ) gdiall

Capped octahedron il z shell Al
uledllapgl A
- Pentagonal  g&aY)

&//J?\\ : L, Bipyramid

o

Al Jsdl) 285y [Mo(CN),1, [UOLFs]™, [V(CN)I* ,[ReF;] cirall gpa g 5ill 128 L] (o
[W(CO)Brs],, laeall 7 ghaudl Alal &I JA0 Al colabaall Aliaf cpa g £UGY1 ouladd) o gl
. [Mo(CNR);]**, [NDF;]* ciabrall gliall Uig3l A gdial) e [Mo(CO)s(PEt;),|Cl,

: Coordination Number ( 8) @il 2
(A o Luaia DS 3L e laia) 4535 240 5 45 38 al) 34 J ga clailll) 4@ aliiis

Dodecahedron 4> s AN 93 JS&) | Cube qaSallc Square antiprizim osSaie g s giida

Jihall A oll dpailly A 52 45 lalay GnSall (e 2l g A g (92 (e Aule Jguand) (S - (uSada 2y gdida

Gaid Aag pde AT g3 gl QXS g Jillal) A gl dpeilly (uSaia go e e A o Luaia & i

[W(CN)s]* [Mo(CN)s]® pssiatsdsally (finusiall poa ilpead) (ol Al (B LS ABal) (i Lag i)

<2Sall Cube (pinead) 21,51) Jia Ay glal) SN 8 Lal) g clarall (8 a9y ¥ g 8 and aliiiall JSAI) g8 4
g sl A 93 Qe aall ilia ) gdia Dodecahedron Jis Zr(acac),(NO;),
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: Coordination Number (9) Gt 2
54 gall Aldicuall Ay g¥) Aicial) DAY Coluilll) o g g Alla ) 9k g JSEI MG (e 6 24

A%y Hydrated salts of the lanthanide Ji« s Three-face centred trigonal prism (D%h)
[Eu(H,0)]*" Agpaiall i) g3

:Coordination Number ( 10) @t 2
Bicapped square antiprism (D4d) - <Ly g GUEDBY) ittea b i<

Jhe linicy) g UGB st & Sy :Coordination Number (12 ) (bl a3

Icoschedral 12 co-ordination

. . . [MII(L), X
Ceric ammonium nitrate - M = Sm, X = BPh,

M=V, X=1I
(NH4),Ce(NO3)s

Most regular coordination polvhedra

CHN. 9 10 11 12
Tricapped Bicapped squars Octadecahedron Icosahedron
trigonal prism anti prism

(12-9) Gl dlas
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Adlisa (G g
¥ iy JIaY dtia) (2-2 ) Js
Adlida guld dacY 4y




Types of Ligands

clulll e 5 (4-2)

O (A8 Z95 donor < (e Aadillg) sl 30 988 & gl e | (g 318 gl ol Adida 5 B0 g4 AR
A Ao Ag syl ABUKY o< ) ga gt Guag AS AN Lagall S a0 ) 8 slaal) clailcdl) 38
N2¢«CN¢ NO« CO 3l Lia b (S gl LaSia B jpuaal (6805 1y g dmall Ay ) 8] a2 ) (g 93 L 43S sl
G (3-2) dssally .ol £ (Bl (ol cpldl (lS 1Y) Ll Non bonding (s AN g3l b,
Nature of Ligands xSl dayl

Nature of Ligands </3Sll) dapb ¢y (3-2 ) Jaad

98 .L (-H, -CH3;, -NH;) Jia o-donor
filled orbital
@y 9 (-NR,, -OH, -Cl ) Jts
Ve @ | ’ ’ n-donor

@ oO_")

empty orbital n-acceptor
Q' s * CN) Jie

) & (CO, NO*, CN) J
o ")

Cationic ligands 4= 349 Neutral ligands 43iag Anionic ligands 4dbe NG G pualy LS

s olid) Cpana LaS g

*Neutral ligands: e.g.’s NH,, C;H.N, PPh,, OH,, CO (bonds though C), en

*Anionic ligands: e.g.’s halogen, OH-, H, NCS-, O*, CN-

*Cationic ligands (rarer): e.g.’s NO* (bonds through N), H* (occasionally)

Ol s ala) il
Coad) (AU LS
Ol (S Ml
M\ ‘;u\m .ﬁlS...d

alia)
monodentate = 1
bidentate = 2
tetradentate =4
hexadentate =6

(polydentate = 2 or more donor atoms) () 3aazia
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N =2 "] Monodentate

I Li gand

Coordi mate— Cowal emt
Eoaomnd=s

Electromn Pair
Dornor AT orme

= N7
M/ Bidentate
\ Li g=md
I =N

A=t al
I @ m

monodentate ligands ¢ &olaj et

¢ il g S Cpa dal g 7 9] gian o HAN ) gl B aaBan) g Al dday) ) (93 A & LS AN colailll) o
Ualate 4,0 4o gana 5l (F7) 2ot gsls (NOy) sl sl (C) sl Ja il @l o858 S
Adulli 4ga Jo g siad o) P(CH3); 9 :NH; Wisedly (Hy0:) slal) Jia 8 ad) iy AsY) (ra 95 Janiy
A A cfainal) ¢ 985 die A 311 < A pa s ;3 Bas) g (Rl 3S a)

Polydentate Ligands (wdl 3amia CliilSd -

G U Ay ST o il e Alg B0 Ao gana Lgual S Ll Cpeal) Badmia G Gy a0 (S
ARl 3 el (pa ST cpgSi Ao Bakall Lt ¢ B adl clig S 7l gl (e daal) e o giag Bae o
OB (538 sall o) gl BLAN aoa oyl g 4l (gl IS Adlivay Aluadia B adl cilig ¥ 150 cuils 18 Baal g
n bl (U el 0 98T 13gd | Gpull (AU IS 52 g e Cal (AU Gl e Ml SN ey RS
Jiallyy Lpubad ABla a8 430N 5,0 aa Gl ST (s Al pudgd) JSEN Gy ¢3S oAl G
EDTA a5 en Ol o Cnbs) (45N ATaY) (B (e LaS g 8 s Aeal s 4Bl (oS3 (el (AL Gl g 50

«Lagdlaiea gPolydentate Ligand

s - Hexadentate
% T :0: )\

A [R—5
..Q—CCE%:/ ”/CHZC—Q./ -
NCH,CH,N / e ~~ Bidentate

.. N\ " SH H |
H—cch, cHc—85 /T

| B

:0: H

EDTA*™ = H

Ethylenediamine

Copyright © 2008 Pearson Prentice Hall, Inc.
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Bidentate and Polydentate Ligands Coordinated to Co (lIl)

[Colen);]?* [Co(EDTA)]
(a) (b)

Copyright © 2008 Pearson Prentice Hall, Inc

: Classification of polydentates (s} saakia Gl (il

, (dppe) , 2,2'-- bidentate ligand ¢l A) emng (i3 o) (e gade Gush e IS -]

bipyridine (bipy), ethylenediamine (en), diphenylphosphinoethane, acetylacetonate
(acac), and oxalate (0x):

LaS g i o) Ay (pa AS) LD jualic aa oY) Juallig cpaS oY) (31 sb (o o 5 3 ggedia culailSd Sllia g

bidentate () :\:ul.ﬁ Gl , ( «,\M\) Coad) Badatia g :\.JJ'A\ il adia 4-2) Jgaad) gﬁ O
Jdigand
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(liall) Gpead) Basatia g dgala) col Ll ALia) (4-2 ) Jgaad)
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Tridentates (o) (U cavmy palaa 3 (b oo M2

O55s Bale (S) giall daae JSG plae) ) 537 138 9 1A (e dal g ¢y oabs Jai 5 Laie (ila coladlSd ) oda () oS
(NH,-CH,-CH,-NH-CH,-CH, (diethylenetriamime) (dien): €13 4tiaf ¢y g 4Blal) Luled JSi
Lasy (cbig AsBU dadlall G gl @3 Gk oo (Uadi ) (Terpyridene) (terpy) Crssdl (B

NS -
Ligand type R\r_/-:\[rR
. / Y % o~ N
Linear g N N NH,
2 H 2
=
| 4,7-Triazaheptane Imino denvatives
(diethylenetriamine or trien) mercoordination
Jacor mercoordination only*
possible®
’f.'\'—.\
Trioadsl "HB--y—
ripada T : ,
| e
NH RON= F
NH, NH» RM .
1,3,5-Tnaminocyclohexane Tris{pyrazol-1-ylborates gt IL,EH;—EH;
faceoordination only® fag coordination only® H.‘{f e
4 8 i

R, R'= H, hydrocarbyl i
(tp™: R, R'= H; tp**": R, R"= Me) 116 ey ) bk B

# The terms fac and mer are defined in Section 4.2.2
an Geometric lsomerism A

A Y (A g shall (A i 2 (dien)s HNCH,CH,NH,= (en) BLi)) 480k au)l -ga
NH,-CH,-CH,-NH-CH,-CH, (diethylenetriamime) (dien) (s=¥!

N P O < Bidentate
( . 1T
( ' H—N—C—C—N—H
N N_) I
H H H H
Ethylenediamine
g obud) (A b A(dien) (Cmd) (L) (sl (A i)
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Tetradentates () el cilailsd -3

Sl G A QY A cpe g AN G ey Ledali ) e clBla dag i o ABE eSS o o gl
LSy L £ NH,-CH,-CH,-NH-CH,-CH,-NH-CH,-CH,-NH, triethylenetetramineay“l‘
1O

G289 Jia Planar macrocyelic 43 sica 4xibe dlay Lay) Guad) Ay ) 2GSy g
(il 518 g Porphyrin

(EDTA ) Ji«  Hexadentate ligands 4wy Pentadentate dzuled &gy
( Ol lsw)Ethylenediamineteraacetic acid



Hexadentate ligand

o W &
=" | o,
: g =9
¥ B ¢
w
S0 ::l—cr:2 CH—C— ()
Y ! :
N—CHy—CHy—\
-0 —c—cf;l2 CH,—C—0r
- J

Ethylenadianinstetrascetate ton (EDTAS)

poitall s 2lisSl) 20 (EDTA ) (gira

AMNz¥-EDTA complex

A polydentate ligand is i
also called a Vo

The H atoms are
omitted for clarity

CoEDTA™

Hemoglobin, Cytochromes (Fe-porphyrins); Jie G sl WiisSi b Jiy 43y pa cils e Jlia
S Adle 4dla < Polydentate  (wd) 33amia CIMISY dlag (Chlorophyll (Mg-porphyrin)
dAALEA) ALiaY) B LaS g Arpdia & o) Anpidia ¢ oS5 A8 g Culaily S
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Metalloporphyrin Jts

o

Oxymyoglobin and Oxyhemoglobin

Coordination Environment of Fe*" in Oxymyoglobin and Oxyhemoglobin

Ferrichrome (Involved in Fe transport in bacteria)
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(W maiday TUPAC s daldill) Lgilanl) dadldd) cladllll aaf (5-2) Jgaadl (A

Some Common Ligands
Common name
fluoro. F~
chloro.CT’

bromo, Br-

1odo. I”

cyano, CN™
thiocyano, SCIN™
1sothiocyano, NCS™
hydroxo, OH
aqua. HO
carbonyl, CO
thiocarbonyl, CS
nitrosyl, NO*

nitro, NOy

nitrito, ONO™
phosphine, PR,
pynidine, CGHN
ammine, NH;

cthylenediamine,

NH, CH, CH, NH,
diethyhnetriamine,

NH, C;H,NHC.,HNH,

triethylenetetramine.
NH, C,H.NHC.H.NHC,H.NH,

p. p~.p -triaminotriethylamine

N(GHNHy);

IUPAC name

fluoro

chloro

bromo

1odo

cyano

thiocyanato-5 (S-bonded)
thiocyanato-N (N-bondcd)
hydroxo

aqua

carbonyl

thiocarbonyl

nitrosyl

nitrito-N (N-bonded)
nitrito-0 (O-bonded)
phosphane

pyndine

amumine
1.2-ethanediamine

(1.4 7-triazaheptane)
2.2"-diaminodiethylamine

1.4.7.10-tetraazadecane

B. B .p -tris(2-aminoethyl)amine

39

Abbreviation

cr

OH
HO
co
Cs
NO*
NO,”
ONO
PR,

Py

trien

tren



(4-2 )J gl A

Common name TUPAC name

acetylacetonato. 2 4-pentanediono
CH,COCHCOCH;"

2.2 bipyridine, 2.2 bipyndyl
CHN-GHN

1.10-phenanthroline. 1,10-diaminophenanthrene
C,HN,

2, 2:6", 2"-terpynidine

dialky ldithiocarbamate, dialkylcarbamodithioate
S,CNRy”

1.2-bis(diphenylphosphino)cthane. 1.2-ethanediylbis(diphenylphosphane)
Ph, PC,H,PPh,

o-phenylenebis(dimethylarsine), 1,2-phenylenebis(dimethylarsane)
CH(As(CHy),),

dimethylglyoxime butanediene dioxume

ethylenediamumetetraacetate 1.2-ethanediyl(dmitnilo)tetraacetate

Abbreviation

acac

bpy. bipy

phen

trpy. tpy

dic

dppe

diars

DMG

EDTA

CH CH %
g I"“”]L\S AS\\‘“Me 5 5
JC_(' Me Me Ph”’j N 7 \"Ph
OH—N N—OH o, CH—CH pp
DMG
d
dars 7
0 0
_|| I o _
e N N
T 7 R e /
% ; \
~0C—CH; CHE—(ﬁO‘ ¢ "x M Ny Me
EDTA dtc
0 0 acac
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Ol (i) e paldl) o LN Lt Al ciailsd) Ambidentate ligands £ (e vy -3
2 0L Ca LaSy (N 8! S (A3 A ¢ (3ilidll) thiocyanate anion Ul sl ¢ g Lt JUa gl

i E:'::-—E‘-=M= ‘b’*n“ﬁ*

SCN = thocyamato-5 N0, mitriio- N (formexty calied nitro)

NCS = thiocymain-N :0-N-0- mittio- 0

D0 g il aal g A9 S 95 O ST Ao (g gal A Al Jas 5 Al gl caai 14 puad) colailslt)
Jia 3 4 Aalal cligl 4 pwad) CINSH G Crag IS pal) Badaia Blina S pa el 453N <l A (e

( (S, O) Ll cligh) Jia 3ajdia 3,0 4 jmadl 4o ganal) Ld 0680 Aapeny Al cligd ol ciladlgl)
» Aaldl) Ao ganall palial (P, N ) dwdldl de ganall

— - 2+ B ]
N (\N NH, |
~ N\T N\C|0/ \C‘o/ : (NO3)4
(NH,),Ta N/ a(NH,), N/ ’ \02/ | \N
H W )
0
I R R
oC CcoO Cl
N Cl
- N N
¢ \ﬁ/ Neo a” ~a” N
0]
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