wavii bdob VUL COLILAININE dirierent amounts O1 e Gl i @i ...-f:.tcl,]vc ten solutions ’
(i) Let the total volume of the complex prepared in each 0

{oand s olutions is varied
10mL and the proportions of the metal fon and the ligand in these solutions 1 as
below :

FUBIAT RO SO S g g s G R SR
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Thus, itis obvious that the sum of the concentrations of the ligand (C ;) and meta)
ion (€, )is constant (10) in each case and only their ratios are changed.

[.e,' C[. +CM =C on(l)
(i) The optical density (bsorbance) of each of the solutions

spectrophotometer, In this process, such a wavelengfh of light is
absorbed stronelv by the comnlex anly and nnf ke dh o o 1o

1S measured by
chosen which is









unreliable results X | \
' Hanee in volume on mixing the

2. The method is applicable only when there is no change 1n # the

solution of the metal ion and the ligand.

od a series of solutiong

and Jones. In this meth
and varying amount

Mole-ratio method

I'his method was introduced by Yoe | ;
ant amount of the metal 10ns (o3
ant under identical conditions, e

iinst the ratio of moles of
ill provide the

are prepared contaning a consl

of the ligand (C, ) keeping the total volume const

absorbance of these solutions is measured and plotted ag:
C,/C,,). The break in the curve w

ligands to moles of metal ion (K
composition of the complex

Absorbance
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73 Ol inorganic anions; some of such uses are giverl BUEE -

1. Separation of silver and mercury from each other

Silver ions are precipitated as white silver chloride precipitat
ammonia due to the formation of silver ammonia complex.

Ag' +C"— AgCll
AgC] +INH ye= [Ag(NH3 )2 ]Cl
The silver ammonia complex is soluble in water, owing to which 1t 1s separaied

from Hg,Cl,. It decomposes easily on treatment with dilute nitric acid in excess inlo
stlver chloride back.

[Ag(NH, ), ]C1+2HNO, — AgCI{+INH,NO,
On the other hand, the white precipitate of Hg,Cl, which is formed by the addition
of HCI to mercury sal tums into black complex compound on treatment with

e which is soluble in




Xcess of ammoniym sulphate solution is added 1o
f Ca?* and Sr2* salts; the latter is precipitated as jtg sulphate, whereas the former remains
" In solution due to formation of a complex.
/ SrCrO, +(NH,),S0, ﬂSrSO.Aw 4)2Cr0,
[ | (white)
/ CaCrO4 +(N}{4)2SO4 “)C3804 +(NH4)2C1'04
[

CaSO, +(NH,),S0, — (NH,),[Ca(80,),)
luoride and oxalate
tion of tartarate from f . '
8. SOP":a: oxalate and tartarate are precipitated from th? CaCl, so\ut\on\ast :::e
| FIuom::,m calcium fluoride, calcium oxalate and calcium tartarate. Alo

n B 1 addition of NaOH to their pr ium mm

at
'Y

s -
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58 Unifie
+ O ——s 2N2a[Co(COy )y 1+ 2Na,COy + 1,0

is very stable and has an apple green colour which
jons are not precipitated from this complex by

2Na,[Co(COy )y ] + 2NaHCO,

The cobalticarbonate complex
remains unchanged on heating Cobalt
the usual reactions.

10. Complex of nickel
Nickel salts on treatment with an alkali soluti
hydroxide. The precipitate is soluble in an €xcess O

acids.
NiCl, + 2NaOH — Ni(OH), 4 +2NaCl

Ni(OH, ) + 2NH Cl + 4NH ,OH — | NI[INY C .
L.-:.“?}; 'E&' ‘--;_— g . vf{- - ‘ ‘,

on give a precipitate of nickelous
{ ammonia solution, and also n

s ;-‘ = A



11. Complexes is quantitative analysis

There are numerous reactions in quantitative analysis
formed. To mention a few are . -
(a) Estimation of nickel and other metals as dimethylglyox

H

CH;—C=N N—C—CH,
; >Ni< ?

CH;—C=N ]II=C—CH3

where complexes are

complex.
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TR Y HIC RAAITion OF CnGiRtivle TeT fysi
Chelating agent : Chelators are used In chemical analysis as Water o,

commonly used synthetic chelator 18 EDTA estimation of hardness of Waler

“ and Mg ** jons form complexes with EDTA.
In general there are many applications where ability to casily deteng,

hardness is very important complexome metric titration i8 one of the \""‘";
measuring total water hardness. At pH around 10 EDTA ecasily reacyy Vit
calcium and magnesium in the same molar ratio (1 : 1) stability constany o
l complex is a little bit higher, So calcium reacts first, magnesium later. Thyg f":::
1‘ point, we should use the same indicator that is Eriochrome Black-T, A

~ Reactions : Reactions mkinzpm during tetration are
 a4EDTA —-',k.CaEDTA'z

Aies il R~ 3 v : ” BDTA-z
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1. Nature of the central ion

(ionic potential of the central metal ion). In general, greater the ionic potential
(Chaf'ge/’ adius ratio) of a metal ion higher will be its tendency to attract electrons of
the ligand and hence, more stable will be the complex. Thus, in other words, the greater
the charge and smaller the size of the central metal ion, greater will be the stability of

the complex. For example, complexes of the Fe’* jon (having greater ionic potential)
y)

are more stable (stability constant 10") than that of Fe*" ion (stability constant 10%).
3
e =067 et 076
where ¢ stands for ionic potential.

The above view is supported by the following facts.
(i) The stability of complexes of somes of the cations having same charge but

different ionic radii decreases with the increase in ionic radii
Gl N > o >

078 082 083 09l

2 2
(@) o Pt > Ma®

Jonic radii (A) 0.69
AN e S MQZ" > Caz*
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2. Electronegativity of the central ion

The higher the electronegalivity of the ¢
complexes. This is because the bonding bet
donation of electron pairs by ligands, hence, na

jon will form stable complexes.

3. Electronic configuration of the central ion
In general, the most stable complexes are obtained from ions of transition elemeny
because they have vacant (- 1) d orbitals which can accommodate electrons donateq

by ligands.
4. Effective atomic number of the metal (EAN rule)
According to this rule a metal having effective atomic number equal to the atomic

b | ' il ok ALL et A:-"L:A\.

entral ion, the greater is the stability of
ween a central ion and a hganq i8 due
turally a strongly electronegative ceng,



metal ion is said to be more basic and hence, it will form more stable complex. “'Nt
strong bases like CN ~, F~ and NH; are good ligands and form stable complexes w'\ﬁ’\ )

more electropositive metals like Na, Ca, Al, Ln, Ti and Fe. {
In case of negative ligands, the higher the charge and smaller the size, the More |
stable is the complex formed. Thus, the stability of the complexes involving halide iong
as ligands follows the order.
Eg=Cl >Br =2k
In case of neutral ligands, the larger the permanent dipole moment, the greater s
the stability of the complex formed, e.g., the order of stability of the complexes formeg
by some neutral ligands is as follows :

Ammonia > Ethylamine > Diethylamine > Triethylamine

6. Environmental factors

Temperature and Pressure. The-effect of temperature can be two fold. Firstly, the
compounds containing volatile coordinating groups or ligands (e.g., water, ammonia
and ethylenediamine) are less stable at elevated temperature and commuonly undergo

decomposition on heatine ¢ ¢ the hvdrates loace water the [CaNH Y 1 lncee
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ut when dissolveq in Water solid state
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L'e(CNS), 12 9 (Fef, |
6CNS™ Colourless

oordination compound has ions like ON~

 there is 3 great tendency of above types of ions o
shift from 10nisation to coordinat

10n sphere on thermal heating. On the other hand. the
; ions like NO; and ClO; show it

tle or no such tendency and hence, complete absence
of coordination reactions is usually assured in presence of perchlorate ions.

9. Ring formation (cyclization)

. . -
Ring formation is the most important factor in the formanon of agl:m ;
compound, a compound capable of cyclization will be relatively more st

| including the ion metal)
the reduced strain especially in case of five and six membered, inchuding
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polydentate ligands which are usually organic molecules, the most common t?eing the

bidentate groups or bidentate ligands i.e., those which can occupy two positions, ang

the cyclic compounds so formed are known as chelates. The stabilising effec of
coordination compounds produced by cyclisation may be illustrated by the eXample
discussed in bidentate ligands.

A typical bidentate group is ethylenediamine, NH,CH, - CH,NH,, whi.ch COntaing
a donor nitrogen atom at both ends of the molecules and thus, may attz.xch itself in twq
coordination positions to a central metal ion to form five membered ring. The Copper

chelate of this group requires two molecules to form the following complex having two
five membered rings.

(]:HZ—an\ NH;—CH,
PASN
CH,—NH,”  “NH,—CH,

The relatively high stability of the chelated complex over that of non-chelated
complex can be easily judged by the high stability constants of zinc, cupric and nickel

chelates of ethylenediamine than that of the corresponding stability constants of the

simple amines. -
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[Zn(en), I* 11.07

(2) [Cu(NH,), ! 12.67
[Cu(en), * 20.03

() [Ni(NH,), F* 6.74
[Ni(cn); ]zo 18.61

whereen=H2N-CH2-CH2-NH2 : :

Similarly, the cobalt (III) and chromium (I1I) complexes with ethylamine are much
less stable towards other reagent or towards heat than those formed by
ethylenediamine.

Tridentate, tetradentate and other polydentate groups (ligands) are much less
common than the bidentate groups, those studied are polyammes such_ as

diethylenetriamine, H,N(CH,), NH(CH,),NH,, t.nethylenetet.ramm;,
NH, (CH,),NH-(CH,),-NH(CH,),NH,, and ethylenediaminetetra-acetic acid
(EDTA).

[
"O0CCH,—NH,

'?OCCHZ—NHz

1
CH,COO
>T_CH2—CH2 —N
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