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eleme Densit | m. radius/ lonization
nt y _ p./” |b.p./°C om ene_rgy/ kJ
/gcm3 C mol-1
Sc 2.99 1541 | 2831 164 631
Ti 4.50 1660 | 3287 147 658
\Y 5.96 1890 | 3380 135 650
Cr 7.20 1857 | 2670 129 653
Mn 7.20 1244 | 1962 137 717
Fe 7.86 1535 | 2750 126 759
Co 8.90 1495 | 2870 125 758
Ni 8.90 1455 | 2730 125 737
Cu 8.92 1083 | 2567 128 746
Zn 7.14 420 907 137 906
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Werner’s Theory
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[Cr(NH,)(]Cl, — [Cr(NH,)]3* + 3 CI- \NH
‘\\\\ 3
Cr NH,

[CICI(NH,):]Cl, — [CrCI(NH,)J?* + 2 CI

NH;
b NH; 2+
[ s NH
\NTF3
Cr Cl (NH.).] C ; %
[ (NH3)s] Cl3 H3N7CI' Cl
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Solid Color lonized CI- Complex formula
CoClI;6NH, Yellow 3 [Co(NH,)]Cl,
CoCI;5NH, Purple 2 [Co(NH,).CI|CI,
CoCl;4NH, Green 1 trans-[Co(NH,),CL,]CI
CoCl;4NH, Violet 1 cis-[Co(NH,),CL]CI



Fp#F AEL
mono 1 di 2 tri 3 tetra 4 penta 5
hexa 6 hepta 7octa 8 nona 9 deca 10

VREF p T L
bis, tris, tetrakis, pentakis, hexakis

Example

[Co(NH,),ClL,]CI
Tetraamminedichlorocobalt(lll)
(NH,),[CuBr,]

ammonium tetrabromocuprate(ll)
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H,O, aqua

NH;, ammine (7 # i & % & * amine)
CO, carbonyl

NO, nitrosyl

SR SRS

C;H:N, pyradine

NH,CH,CH,NH,, ethylenediamine
C;H,N-C.H,N, dipyridyl

P(C¢H:s)3, triphenylphosphine
NH,CH,CH,NHCH,CH,NH,, diethylenetriamine
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CI, chloride -> chloro OH-, hydroxide -> hydroxo O2-, oxide -> 0xo

O, peroxide, -> peroxo  CNr, cyanide -> cyano

N,-, azide -> axido N3-, nitride -> nitrido NH,-, amide -> amido
CO,?, carbonate -> carbonato

-ONQO,, nitrate -> nitrato (when bonded through O)

-NOg, nitrate -> nitro (when bonded through N)

S2, sulfide -> sulfido SCN-, thiocyanate -> thiocyanato-S

NCS-, thiocyanate -> thiocyanato-N

-(CH,-N(CH,CO0O),),, ethylenediaminetetraacetato (EDTA)



The names of complexes start with the ligands, the anionic ones first,
followed with neutral ligands and the metal. If the complex is negative,
the name ends with "ate". At the very end are some Roman numerals
representing the oxidation state of the metal.

[Co(NH,):CI]CI,, Chloropentaamminecobalt(lll) chloride
[Cr(H,0),CL,]Cl, Dichlorotetraaquochromium(lll) chloride
K[PtCI;NH,], Potassiumtrichloroammineplatinate(ll)
PtCIl,(NH;),, Dichlorodiammineplatinum

Co(en);Cl;, tris(ethylenediamine)cobalt(lil)chloride
Ni(PF;),, tetrakis(phosphorus(lil)fluoride)nickel(0)
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 Metal complex
_ « Coordination sphere
Cu®* + 4NH; == [Cu(NHa).J*" e Ligands

[Cu(H,O))** + 4NH, ——= [Cu{NH:)(]** + 4H,0 » Metal chelate
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Ethylenediamine, NH,CH,CH,NH,
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Table 9.1 Some common polydentate ligands

Nearre

Formula

Abbreviation Classificarion”
Carbonato CO3- Didentate
Oxalato C,0%" ox Didentate
Ethylenediamine NH: CoHL INH: en Didentate
1.2-Propanediamine NHCH(CH: X H-NH2 pn Dridentate
? 1
Acetylacetonato CH;— C=CHC — CH,\ acac Didentate
S
B-Hydroxyquinolinato i oxine Didentate
Lo
s s - VA : :
2.2 -Bipyridine WA bipy Didentate
N N
1, 10-Phenanthroline 7 - phen Didentate
< _NS EN — :
Glycinato NHCH.COZ Elv Dridentate
Diethylenstriamine NH{(C-H.NH:)2 dien Tridentate
Triethylenetetraamine H>NC H, NHC H O NHC He NH- trien Tetradentate
Nitrilotriacetato N{(CH,CO:)3 nta Terradentate
Tetracthylenepentaamine NH{C:H., NHC:H.NH-}» tetraen Pentadentate
Ethylenediamine- (O CCH> )} NC: HyN(CH CO2): ] edta® Hexadentate

tetraacetato
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Coordination reaction

[MX""]
nt + — nt o
M™* + X = MX R e
MX* + X = MX§® K, = —Loat |
(MX™][X]
[MX5]

MX.D + X = MY«

}

M"" + mX = MX,'

T

T IMXE X

MK
Pr = XY
BE = KK

B.=KK, - K,

Lewis acid-base substitution

Metal is Lewis acid, and ligands are
Lewis bases.

B m = KlKZ o o o Km
Stabilities of coordination compounds:
more acidity metal and basicity ligands
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B2 R % (Structure
Isomerism)

e pei=f I % (coordination . é‘ & 2 3 % (linkage
isomerism) isomerism)
[Cr(NH,)-SO,]Br [Co (NH,).NO,] 2*
V.S. V.S.
[Cr(NH,);Br] SO, [Co (NH;);(ONO) ]J2*
hesilE NH; T2+ r NH; T2+
Al S
H;N——~Co N\ H;N Co
:'\\IH_'; O I
L NH; i L NH; L

(a) (b)



> §8 2 H R % (Stereoisomerism)

+ Aiw R 4R 4% (geometrical o kF B % (opticalisomerism)
isomerism) o 4P+ (enantiomers)

+ VE-F B AR % ( cis-trans
isomerism )
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#1524 (enantiomers)

Mirror Mirror

Mirror image of left hand

eft d is identical to right hand
(a)
non-superimposable mirror images enantiomer

chiral
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N~ o f8 2 2 5% ¥F-Octahedral crystal
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Figure 9.9 Splitting of the d energy levels in an octahedral complex.



Ao i 348 T a
Ligand-field stabilization energy
(LFSE)

Table 9.10 Ligand-field stabilization energy of octahedral complexes

Strong field Weak field
Configu- Number of Number of
ration Examples 1, e, unpairede  LFSE t, €, unpairede LFSE'
d° Ca**,8¢* 0 0 0 0 0 0 0 0
d? Ti3+ 1 0 1 —4Dg 10 1 —4y
d? Vi 20 2 —8 2 0 2 =
d? Cri+, v2* 30 3 —12 30 3 —12
a* Cr*t, Mo 4 0 2 -16 TP 3 | 4 —6
d* Mn2*, Fe* 5 0 1 20 *2p 3 2 5 0
d° Fe**,Co™ 6 0 0 -24 ¥3p 4 2 4 +P -4
d’ Co?* 6 1 1 ~18 5 2 3 +2P g
d* Ni?* 6 2 2 -12 6 2 2+3P —12
a4° Cu?* 6 3 1 -6 6 3 1 —6
4 Cu*,Zn>* 6 4 0 0 6 4 0 0

7 Dg is smaller for weak-field ligands.
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33 H-pie - (weak-field case) high spin

5. B-fie i+ (strong-field case) low spin

6Dy
\|4Dq 4Dg 4Dyg
w1 1A b [ -
o d4 (weak field)
T
d field:
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Figure 9.10 Occupation of d orbitals in octahedral complexes for d* and d* configuratio
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SR S SRl
high spin or weak field
low spin or strong field

Pairing energy (P)
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A ,>P £ = low spin or strong field
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1004

%8 Jahn-Teller Theorem

BN m R Bzihenpe A
LR LB
R Sk A A

LRy

Distortion will occur whenever the
resulting splitting energy levels yields
additional stabilization.

Withdrawing the ligands along z-axis
decreases the ligand-ligand repulsion.

Net additional stabilization = + 3 -
2B =-p

No additional stabilization for high-
spin d@ ~ d>and d° ~ d10

Slight distortion is expected for

unequal occupancy of the t, orbitals,
but the effect is small.
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Square Planar Complexes

o zfherfie (7 FL kg ] & 5 iRk e

R A I A

; F zerd i dod o8 FE % { W
B LAT 3 maddai &
. U e BB A PR DS BU% s

Ty
NC CN
kY
| g
i
S
10Dy ¥ NC CN

-
~,
(]

\ | '
8 il '
s
A
iy
/ )
t 1!1 1— 1—(_ \ﬂr{_:
1“'\-_““
17
Ay dy:
NiZ+ o8 Octahedral Square planar

complex



fag

{a)

f.\‘ A
"\.\ z 1
» \ I
i Iy
L]
L o L
Xy ’,"!’
lII,.--'
.-r"‘ ¥ ¥
# 1
™ g
1"-.
" XTI, VE
b x
-
e Xi, y2
Cy

Remaval of  lipands

ib)

ich

Fig. 11.12 An octahedral
complex (a) undergoing z
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7 wm $8 Tetrahedron

Fig. 11.10 Complete set of
d orbitals in a cubic field.
Either set of tetrahedral
ligands (@ or O) produces a
field one-half as strong as
the cubic field.
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Tetrahedral Complexes

lun in ;
spherically symmetric
field

Tetrahedral Field

Least ligand-ligand repulsion for a 4-
coordinated metal ion.

The ligand field splitting is smaller becuz
there are only 4 ligands and they do not
approach along the direction of any of the
d orbitals.

The higher energy orbitals are d
dXZ

Because of smaller ligand-field splitting,
low-spin complexes generally are not
encountered and Td complexes are not
expected in cases where the ligand field
stabilization is great for Oh and planar
complexes.

Td complexes are more likely for
nonmetals and transition metals with no
ligand field stabilization (d°,high-spin d>,
and di9)

xy:dyz and
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