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H OH

T
Action and use Used in Wof calcium deficiency
ASSAY ﬁﬁﬁ

Dissolve 0.200 g |n and dilute to 300 ml with the
same solvent, §@r u the complexometric titration of

calcium ( %g
@&f& sod/um edetate s equivalent to 21.82 mg of
C6

a06.
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Aluminium Hydroxide Tablets
Action and use : Antacid

Assay Weigh and powder 20 tablets, avai jetional
heating. Dissolve a quantity of the po % aining 0.4
1§ e

g of Dried Aluminium Hydroxide as ¢ ly as
possible in a mixture of 3 ml of A >Aloric acid and 3 mli

and dilute to 100 ml with 0 20 ml of this solution

o
add 40 ml of 0.05M “00‘
' 20

solution and neutralise by the
sodium hydroxide VS. Heat on a
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Complexometric reactions and titration

 Many metal ions form slightly dissou%t@@
complexes with various Iigands(

agents) S Gl plone

* The formation of comple h1 also serve as
the basis of accurate @; nvenient titrations
for metal 1ons. @

. Complexome tlon are useful for the

determu@@ arge number of metals.

* The '- ical chemist makes judicious use of
. exes to mask undesired reactions.
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acids or w@@ és whose equilibria are
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Complex Formation Titrations

A review of complexes and ligands 15 provided. EDTA, the most common complexer Used in complex formation fitrations 15
covered extensively. pH depandent equiibnum calcUlations are Infroduced along with itration calculations. Several common
indicators Used with EDTA titrations are also given.
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Complex formation titrations

Many analytical methods rely on the formation of
complexes.

Gravimetry Ni / DMG
Titrimetric methods Metal - EDTA
Spectrophotometry  Metal - dithiocarbamate

They can be used to form a measurable species, as
indicators or to mask the presence of interfering
species.
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Complexes @h
 The metal ion Is a Lewis aci @
pair acceptor) @
* And the complexer is a@e IS base
(electron pair don
* The numbe cules of the
complex %@nt called the ligand

. & %s contain O,S ,or N as the

exing atoms.
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Complexes

General structure

T
L—RIN—L Xn*
L
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Complexes

Central spedies

Must have the ability to accept one or more pairs of
electrons in available d orbitals - typically @ metal
ion.

Ligand
Anion, cation or neutral species with ability to

donate electron pair to form a coordinate covalent
bond.

Counter ion
Required if complex is charged.
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Complexes

Some common ligand groups

halides thiocarbonyl hydroxides
carbonyls mercaptans oximes
nitroso acids amines

Ligands are typically anionic or polar neutral species
when working with aqueous systems.
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Complexes

Ligands can be dassified by dentate number - number
of bonds/ligand

Dentate (Latin) means having toothlike
projection.

Monodentate
1 bond/ligand - ammonia

Bidentate
2 bonds/ligand - ethylene diamine

Mu Rtidentate
variable number based on need - EDTA

Prof .J .Al-Zehouri



Monodentate Ligand

Possess only accessible donor gro

N\

12+

N,
Cu** + 4:NH; = [H;N: Cu:NH,
NH,
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Bidentate ligands

Form two binds / central species.

A good example is ethylene diamine. - N
NH,~CH;CH,~ NH,

NH,CH,CH,NH, - (en)

The amino groups are far enough apart to permit
both to interact.

wezen — § e
Zn“+2en —
—N/ "\N—c
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- Bidentate ligands

Other common bidentate ligands.
8 - hydroxyquinoline

Zn?*+ 2 - ) 4
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- Bidentate ligands

Other common bidentate ligands.
Dimethylglyoxime - DMG

H
o g
H,C CH
S | |
c — "I“ \\ N=C
g NN
l \\‘m"a I
o= > “ N=—¢C
o
e | | \cn,
Q‘% /0
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Bidentate ligands

1,10 phenanthroline

[ Fei)
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Ca

+*

Polydentate ligands \ , 4
Disodium Edetate ®@®
)

A S

CraHiadNzMNa; DOe.2H0 372.2
Action and use Chelating agent.

A
0N\ ?

cH~NicH,co0™),
—_— =

o =i
CH;~ NICH,COD j._.
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Polydentate ligands ( six)

Gﬂrﬂ caf
/ H,C / ‘\ /c H;.
—CH,—CH, «-»u\
H,C CH,
G\Uzﬂ/ \cn,é
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EDTA

Ethylenediamine tetraacetic add
One of the most commonly used complexers.
Forms 1:1 complexes with most metals (not group 1A)
Forms stable, water soluble complexes
High formation constants.

not primary standard material.
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EDTA

EDTA is typically used as the disodium salt to inaease
solubility.

HOOC COO Na*

\ /

N C C——N

Na* "00C ——
H,Y?2
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EDTA (HY) + M*

M+ Y4 = I\/IY
i

_§>@ (4-n)
@%ﬁ i

Y]

ol
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‘%ﬂmaﬂnn Constant (y«,
Consider the formation of the EDTA chelate of Ca®*. This can be represented by y

Calt + Y¥ = CaY"™
The formation constant for this 15

) [Ca¥?]
eIV

The values of some representative EDTA formation constants are given in the

followig table .
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EDTA

Formation constants for some metal - EDTA complexes.

lon

logK yy
25.1
23.2
23.0
22.8
18.8
18.6

lon

logKyy
18.0
16.5
16.5
16.3
16.1
16.0

lon logK,,y

lo* 15.4
Mn2* 14.0
Ca?* 10.7
Mg 8.7
Sz 8.6
Ba2* 7.8
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EDTA

Effect of pH on EDTAEquilibria

The strength and stability of EDTA complexes is pH
dependent.

M2* + H,Y2> —> MYZ + H°
The reaction shifted to the left as the hydrogen ion concentration is increased, due
to competition for the chelating anion by hydrogen ion

Since it is the Y¢* for which complexes with the
metal, anything that alters its availability will affect
our titration

- pH is the major concern.
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%ﬂ Equilibria
EDTA can be represented as having four K, values corresponding to the stepwise
dissociation of the four protons';

HyY =H +HY K, =10x10"= IHEI]-E;:;"]
HY" = H' + HY" K, =22 10" = E;E{E:E:-]
HY! = H + HY" Kq=69% 107 = [H[:-]]I[E:rj ]

HY 2 H 4+ Y5 Ky =55x 107" = [T[;E]]
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Y, o
N Y ;

= fraction of EDTA ion such as H;Y- or H @@

/\/\
[H,Y] _ [H3Y7)
%07 %177y
_ [HY"] _ [HY*] YY)
=TT BT M7 T

[T = (Y] + [HyY] + [HoY*]  (HY” ] + [Y*)

oo
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EDTA equilibria

The effect of the hydrogen ion can then be
calawlated using Oty.

ty = [Y*]
Y [HaY1+ [HaY ]+ [HoY2] + [HY3] + [Y4]

With reciprocal the equation we got :

H, Y] H.Y ] H,Y*“] 3- 4-
T e
Oty [Y™] [Y™] [Y™) [Y™] (Y]

919
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Determination of 1,

EDTA equilibria

The EDTA equilibria can be expressed using a series of
stepwise formation constants.

= [H'][HY]
[H,Y]

= (H'1[H,Y?*]
[HaY]

Similar expressions
can be written
for the other two
equilibria
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EDTA equilibria

We can proceed through a series of substitutions
leading to an equation in terms of [H'].

Uy K KKKy KoKaK, KaK, K,

1_ T WP HP H]

We can then calculatea, and plotted as
a function of pH.

With the same method we can calculate a,,as,....
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EDTA

14

pH Prof .J .Al-Zehouri



EDTA equilibria

! \
pH~11.5
> -9 All in Y4 form
-18
0 7 14
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Gwaction of EDTA species) and pH value we go
following statement :

* In acidic media ( pH = 3-6 ) H,Y2is p@ ant
0

 |n Basic media ( pH = 6- 10) HY3 minant.
* |n strong basic media ( pH |s predominant .
* The reaction at pH more *w 10 Is fast complete.

| ulated between EDTA and
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EDTA equilibria

While the actual formation constant for a metalEDTA
complex is:

[MY*]
[(M] [Y*]

A conditional constant can be calwlated at any
known, constant pH as

Kyy = ,a,=[Y4IT =Y4=Txaq,

MY4]
KMY a = KMY,z [ -
4 M [T ]
Kuy & = Conditional formation constant
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Conclusion

Present of great amount of hy u |II
effect on the complex ( m er)

because It will react WI

LY

M+Y— MY

H+ '!jrll'

@@@Q HY , H,Y ... etc.
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The Conditional Formation
Constant

 The Conditional formation c alue
holds for only a specified @

 We use the condition f prenation constant
to derivative the t va curve
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EDTA titrations

As with our other types of titrations, we have four
regions to deal with.

0% titration

>0% and < 100% titration
The equivalence point
Over-titration region

We'll outline the basic steps for each region using
an example.
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EDTA titrations

Example

100.0 ml of a 0.0100 M N#* solution is buffered at
a pH of 10.2.

Determine the pNi at 0, S0, 100 and 200% titration
if titrated with a 0.0100M EDTA solution.

a, =0.47 and K;,?=3.98 x 108

We'll be using pNi so that our titration awrve can be
directly compared to other types of titrations.
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EDTA titrations

0% titration Start point
This is pretty straight forward.

We know that we're starting with 0.0100 M Ni#* so:
pNi = -log[N#‘]

= -log[0.0100]
= 2.00
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EDTA titrations

50% titration Before the Equivalence point

At > 0% and < 100%, we can assume that the
amount if free NiIl) is:

Initial [Ni*] x VNi2* - [EDTA] X Veora added
VNi?* + Vepra added

. 0.0100M x 100.0 ml - 0.0100M x 50.0ml
100 mil + 50 ml

[Ni%] =

= 3.33x10° pNi = 2.48
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EDTA titrations

100% titration - the equivalence point.

Now things get interesting!

To determine the [N?‘], we need to use:

- o NiYZ
Kany: = Ky 0, = i l’%]

Kyy = 3.98 x 1018

Prof .J .Al-Zehouri




,T W

U\i-aLiw‘\’

EDTA titrations

We'll need to calwlate 1y at pH 10.2.

1 __ W1 WP [HP | [H]

K, =1.02x102 K, =2.14x103
K; =6.92x107 K, =5.50x10"1
[H'] =6.31x10""
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EDTA titrations

If you're willing to trust me, then
Q. 0.47

= [NiYZ%]
Ky &, = INZT T3

3.98x10"8x 0.47

1.87x1018

At the equivalence point, we also know that
virtually all of our nickel exists as NiY>.
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EDTA titrations

So, [NiY#] = 0.0050 M due to dilution.

In addition [N?'] = [T ] so:

0.0050 M
[Ni2+]2

1.87x10"® =

[N#] = (0.0050 M / 1.87x10'® )2
= S.07x1I1 M
pNi =103
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EDTA titrations

200% titration

Beyond the equivalence point, we are primarily
building up excess EDTA and diluting everything.

At 200% over-titration, [NiY?] = [T ] so:

__[Niy?]
Ky’ = TINPT )

= 1.87x1018

[Ni2*] =56.35x10"9  pNi=18.27
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EDTA titrations

12

oNi

0 100 200
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EDTA titrations

The 200% titration mark is useful for estimating the
shape of a titration curve because:

pM = log K,

Since you also know the 0% value (-log[species]) and
the general shape of a titration curve, a reasonable

estimate is possible.
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EDTA titrations

Example

Estimate what our previous titration wwrve would
look like if our sample was Ca?* rather than N#:.

pCa at 0% = 2.00 and <ty = 0.47 since the same
conditions were used.

PCas00y = log Kyy' = log( Ky cty)
= log(5.01x1010 x 0.47)
= -10.4
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EDTA titrations

12 Nij2+
Ca?t
. 8
2
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Detection of The end point
(Indicators)

We can measure the pM Potentiom i%f

suitable electrode is avallable mple , an
lon-selective electrode , but | mpler If an
|nd|cator can be used.

They are us es of 1,2-dihydroxy azo type. (

met%’ alcators)
P
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INDICATORS

©)
* In general , the metal-i r

complex should be 1 5100

times less stabln the metal-

titrant comp
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Indicators for EDTA titrations

To be a viable indicator, we need a species that:
Competes for our metal ion.

Is a weaker complexer than EDTA.

Exhibits c measurable change
between the complexed and
uncomplexed form.

Mind+Y — 5 MY +Ind
(color 1) (color 2)
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Indicators for EDTA titrations

In the presence of an indicator, our reaction proceeds
in two steps.

M+Y — MY
Mind+Y — MY +Ind

Since it is easier to EDTA to react with the
uncomplexed metal, that reaction ocaurs first.

M-Ind is harder for EDTA to react with so we must
insure that only a small amount of indicator is
used.
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% Indicators for EDTA titrations

Calmagite
Will form a colored species with most metal cations
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Calmagite

 Used for Fe** but we must m
ions of Ni , Cu, and Al as F\fo

1- Cu and Ni with CN |
2- Al with addition anolamine
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Indicators for EDTA titrations

Eriochrom Black T

Closely related to Calmagite - same properties but

less stable - air oxidation.

It can be use for
the titration of
Mg**, Ca* and
Mn*t with EDTA
In basic media

Complexes are red
Uncomplexed form is blue
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Indicators IND H,
Eriochrome - blue <
black T N
Murexide blue é\@ I3
Calmagite red (@ ‘

Xylenol Orang @\ﬁf@\m red
/\«O@ y
Methy é\@ﬁh yellow blue
blue 3\
@é\l&)ﬁ violet Deep blue
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1. Direct Titration

M-ind + EDTA™?

« Buffer solutionis n
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2- Back Titration %@

M-EDTA + EDTA + @ Zn*tt —

/n-EDTA + Zn-ind
. The rea sunable Indicator available, difficulty of

H cont not mask the undesirable ion, slow reaction,
uns . o plex
Mn and Al
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Types of EDTA Titration @@‘v

3- Displacement Titration EDTA

Mg-EDTA + M+ = M- E@%ﬁ |\/|g++
A%

Prof .J .Al-Zehouri



4- Simultaneous titration
determination of water Hardnﬁ;

Mg will be first formed ppt with Inydroxyl therefore
we titrate the Ca , ther ssolve the ppt of Mg
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Pharmaceutical USES @@
« EDTA In Pharmacopeias Is useggé@g&e most

all Metals in pharmaceutical form such
as Ca,Al,Bi,Mn,Zn ....(ETDA s stable 1:1
complex with all metals ecept alkali metals

such as Na & K. @
« Ca & Mg formﬁa\% exes which are unstable at

low pH t fore titrate in ammonium chloride
buffer fb

DI
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Pharmaceutical USES @@
ad,

(Direct) tltl’ cess with
» Calcium chloride P n+
e Calcium gluconate iInum hydroxide

‘ﬂ umlnum Insoluble

Titration in pharmacopeias: (Back ): o

« Bismuth sub carbons

* Magnesium carb . heated with excess
 Calcium aceta EDTA to form soluble

e Zincc gy, complex sulphate
@%@ « Calcium hydrogen

metal salts ,the sample

phosphate .........



¢
Pharmaceutical USES @®®

« EDTA ,used in Ampoule ( an | €3 ‘f’a‘f ses)
* Anticoagulant.

@
 To treatment of heaV@@tho determine
Ca In blood.

* poisoning ead ( The chelated
lead Is e Or via kidneys.

g1



Aluminium Hydroxide Tablets
Action and use : Antacid

400 mg
Assay Weigh and powder 20 tablets, avoidingfn

heating. Dissolve a quantity of the powde c .

Dried Aluminium Hydroxide as comple possible in a
mixture of 3 ml of Aydrochloric acid an | of water by
warming on a water bath, cool t 20° and dilute to 100
ml with water. To 20 ml of thj n add 40 ml of 0.05M
disodium edetate VS, 8Q @vaz‘er and 0.15 ml of methy/ red
solution and neutra i&e dropwise addition of 1M sodium

hydroxide VS. Hzat water bath for 30 minutes, add 3 g of

hexamine with 0.05M /ead nitrate VS using 0.5 ml
solution as indicator. Each ml of 0.05M

of xylen
diso%@ tate VS'is equivalent to 2.549 mg of Al203.
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Aluminium Hydroxide Tabl@@

1. If the Tablet average welght@@
sam ple’?

What is the weight of ar@g@
2. Wright the equation titration.

3. If we consume end point 8 ml ,
what Is thgo@ ent of the mgredlent’?
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2
~C\
Aluminium acetate,Ear | 0.05M EDTA Xylenol Orange 0.001349 \>
drops @
[V
Aluminium hydroxid | 0.05M EDTA Xylenol Orange 0.002549 V)
,Oral suspension /> o
Aluminium 0.05M EDTA Dithizone 0. 06
Phosphate,Oral @
Suspension &
~ 1M
Aluminium hydroxid 0.05M EDTA Xylenal 5n e e 0.002549
Tablets @
Q
Aromatic Magnesium 0.05M EDTA dant black 11 0.001215
Carbonate,(Mixture,Or
al Suspension @
Calcium Gluconate &/ Calcon 0.00400
injection
Calcium Glucon V\X@\es/lvl EDTA Calcon 0.0242
Tablet
0.05M EDTA Calcon 0.01541

Calci ac%at\e
Tablets




Compound Aluminium | 0.05M EDTA Dithizone 0.004068 O
Paste %
et
Compound Magnesium | 0.05M EDTA Xylenol Orange 0.02242 \) \
Trisilicate,Oral Powder @
AN /Q\
Effervescent Calcium 0.05M EDTA Calcon 0.0215 @\)
Gloconate, Tablete < @
AN
Hexachlorophane 0.05M EDTA Xylenol Orange v >\d.004068
dusting powder
A
Magnesium 0.05M EDTA r ﬁ{ black-T 0.001232
Sulphate(Mixture,Oral
Suspensiom O@
Sodium Calciumedetate Xylenol Orange 0.01871
, LV inj.
7
Zinc Sulphate, \BVb.OSM EDTA Mordant black I 0.002875
drops @
Zinc sﬁ\ﬁhate Lotion | 0.05M EDTA Mordant black I 0.01438




Bismuth @

Introduce the prescribed solution into a 50041
flask. Dilute to 250 ml with water R apd A ;unless
otherwise prescribed, add dropwis@\NWIIT shaking,
concentrated ammonia R until tie mixture becomes
cloudy. Add 0.5 ml of nitric ag\gdé,R. Heat to about 70 °C
until the cloudiness dis completely. Add about
50 mg of xylenol or turate R and titrate with 0.1
M sodium edeta he colour changes from
pinkish-violetto ow.

0

I M sodium edetate is equivalent to 20.90 mg

9



Calcium ®@®@

Introduce the prescribed solution i 90 m/
conical flask, and dilute to 300 m water R. Add

6.0 m/ of strong sodium hydrg /ution R and
about 15 mg of ca/coneca@?ﬁ//c ac/d triturate R.

Titrate with 0.1 M sodi ate until the colour
changes from violet b/ue

Imlof0.1 m edetate Is equivalent to 4.008
O

g0 ﬁ’
P
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Magnesium @@Q
Introduce the prescribed solution int /
conical flask and dilute to 300 ml wn /?ﬁ er R. Add
10 ml/ of ammonium chloride buff /ution pH 10.0 R
and about 50 mg of mordant L% 11 triturate R. Heat
to about 40 °C then titrat temperature with 0.1
M sodium edetate un @ eolour changes from violet
to full blue. @

mgqg of,

1 mlof @@mm edetate is equivalent to 2.431
()
$ o
@@ e}ﬁ)ﬁ‘ﬁ\d)‘»\m})&w\



Q)
Lead <j®§&
Introduce the prescribed solution /'gz‘/

conical flask and dilute to 200 m water R. Add
about 50 mqg of xylenol orange\tritprate R and
hexamethylenetetramine '/ the solution
becomes violet-pink. Tité
edetate until the  \4&(®
yellow. §>

)
"\

e
1 ml 0@. sodium edetate Is equivalent to 20.72

Y



()
Zinc @@
Introduce the prescribed solution /m‘ ‘v
conical flask and dilute to 200 m/ rR. Ada’
about 50 mqg of xylenol orange z‘r/ R and
hexameth y/enez‘ez‘ram/ne Ru solution

avs‘od/um edetate is equivalent to 6.54



o

2- EDTA ,used in Ampoule ( anti Cat@
3- To determine Cain bloo i%@@@

4- Anticoagulant.

5- To treatmen vy metal poisoning
such as lea he chelated lead Is

exc @@ a kidneys).









