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1- Werner's theory 6 - Valence bond theory
Primary ionisable; equals the oxidation state Complex Hybrid. shape Unp.e~
Secondary non-ionisable; equals the coordination number [Co(NH3)]®" d2sp? octahedral 0
Complex AgCl lons [CoFg]3~ spPd? octahedral 4
[Co(NH3)s]Cl3 3 4 [Ni(CN)4 ]2~ dsp? sq. planar 0
[Co(NH;z)5Cl]Cly 2 3 [NiCl4]?~ sp’ tetrahedral 2
[co(NH3)4Cl2]Cl 1 2 [Ni(CO),] sp3 tetrahedral 0
[Co(NH3)5Cls] 0 0 [Fe(cO)s] dsp® trig. bipyramidal 0

Only CI™ outside the bracket precipitates. A double salt (Mohr's salt) gives

allits ions in water; a complex keeps its coordination entity. r )
\ 7 - Crystal field theory

Octahedral ty, at —0.4A,; eg at +0.6A,

A =54, CFSE = [-0.4n(ty,) + 0.6 n2(e,)]| A, + mP
A, >P  low spin (strong field), electrons pair in t2g
A, <P high spin (weak field)

4
2-ligands
Unidentate CIl~, HyO, NH3, CN™
Didentate en, oxalate (ox), glycinate (gly)

Polydentate dien (3); EDTA%" (6:2N+40)
Ambidentate NO; (N or 0); SCN™ (S or N) Ay is always smalll, so tetrahedral complexes are nearly always high spin.
3+ I" <Br  <SCN™ < ClI" <F~ <OH™ <ox*

Homoleptic one kind of ligand: [Co(NH3)g ,
ox” <H2O0 <NCS™ <NH3z <en<CN < CO

Heteroleptic more than one kind: [Co(NH3)4Cly]™ \

Chelate rings of 5 or 6 members make a complex more stable (chelate [
effect) 8 - Colour
: Origin d~-d transition; the colour seen is complementary to the
[ 3. 1uPAC naming light absorbed
s . . . :3 : 3+ _ -
Order cation first, then anion; ligands alphabetical, then metal Ti* aqua  [Ti(H20)]" absorbs blue-green, appears violet
L ) . . : 2
Anionic ends in -ido: chlorido, cyanido; neutral: ammine, aqua, cu’" aqua [Cu(H20)4]%" absorbs red, appears blue
ligand carbonyl colourless  d® and d'0 ions (Sc3+, zn2*)
Multipliers  di, tri; bis, tris for complex ligands .
r
Anionic metal ends in -ate: ferrate, cuprate, argentate, aurate 9 - Carbonyls & biology
complex : )
oxidation Roman numeral in brackets 7 bond COlone pair = empty metal orbital
no. 7wback-  filled metald — CO 7*
bond
[Ag(H50)2][Ag(CN),] is diaquasilver(l) dicyanidoargentate(l).
\ 9iB2ilAg 2 q 4 9 M-C bond order rises; C—O bond order falls.
[ 4.lsomerism Complex Metal [ use
Type Exampie Chlorophyll Mg?+
isati Haemoglobin Fe2t
lonisation [Co(NH3)5Br]SO4 [ [Co(NH3)5S04]Br Vitarm gB cobt
itamin o
Hydrate [cr(Hy0)g]Cl5 [ [CrCI(Hy0)5]Cle-HaO <—plati 12 ot anti
cis-Platin ; anticancer
Coordination Co(NH Cr(CN Cr(NH Co(CN . . :
[ColnHz)s]ICr(CN)s] / [Cr(NHs)s[[Co(CN)s] Wilkinson's catalyst Rh; hydrogenation
Linkage [co(NH3)5NOs]Cly [ [Co(NH3)50NO]CI, EDTA removes Pb poisoning
Geometrical  cis/trans (MA,B, square planar); fac/mer (MA3B3) L
Optical col(en);]3t, cis-[CoCly(en)s] T .
P [Colen)s] [CoCly(en),] Seen in NEET 2025

trans-[CoCly(en),]* has a mirror plane: optically inactive. Tetrahedral

complexes show no geometrical isomerism. . . .
. [Co(NH3)3Cls] is neutral and gives no ions.

Which of the four Co(lll) ammine chlorides conducts least in water?

5 - Oxidation state & coordination number
Seen in NEET 2020

3. [NiCl4]?~ is tetrahedral and paramagnetic; [Ni(CN)4]?~ is square
planar and diamagnetic.

Complex 0. C-N-. Increasing field strength:
KalFe(CN)c] 2 ° SON™ < F~ < G0} < ON
[Co(en)s]Cls +3 6
[Pt(NH3)2Clo] +2 4
[Cu(NH;)4]s04 +2 4
C.N. counts donor atoms, so each en adds 2.
3
Six traps to remember
' 1. Only chloride outside the coordination sphere is precipitated by 4.0 = ng, so tetrahedral complexes are almost always high spin. :
i AgNO;. 5. cis-[CoCly(en),]™ is optically active; the trans isomer is not.
i 2.An onionic) complex takes -ate (often a Latin stem: ferrate, cuprate, 6. In metal carbonyls, back-donation weakens C-O and strengthens
i argentate). M-C.
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