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Chapter Description

 Expected Outcomes
— Discuss the formation and stability of metal-ligand complexes

— Compute the stability and instability constants for the metal
complexes

— Explain the principle of complexometric titrations

— List and explain different methods of detecting the end point in
complexometric titrations
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COMPLEXOMETRIC TITRATION Vi

Definition: Titration method based on complex formation due

to reaction between metal ions (cation) and complexing agent
(ligand)
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Ligand (the donor species or complexing agents) is the
groups bound to the central ion in the complex.

Example of ligand: H,0, NH,, Cl', Br,, EDTA

A Chelate is produced when ligands are attached to the
central ion at two or more coordinating sites to form a
five- or six-member heterocyclic ring.

Chelating agent: the organic ligands that involved in the
coordination

Most widely used chelating agent = EDTA
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A ligand that is attached to central ion at only one point

is called unidentate, whereas ligands that have two ore
more coordinating sites are called polydentate.

ITHZ 0=C—0_ 0 C=0

Cu*" + 2H—C—C—OH — /Cg + 2H"
I-|I (”) H,C——NH NH-—CH,
Glycine
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COMPLEXATION EQUILIBRIA Vi

irgraang + Techrotoy + Cras

A metal ion, M reacts with a ligand, L. and forming a
complex, ML in complexation reaction.

M+ L = ML

Complexation reactions occur in a stepwise fashion
followed by additional reactions:

ML+L = ML,
ML,+L = ML,
ML ,+L = ML

n
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M o+ L= ML B,
M + 2L === ML, 5,
M + 3L === ML, 8.
M+ nL == ML, g

rl

J§ Universiti
[ML] Ui
S [M]I[L] !

_IML]
[MI[L]’

= (ML} =K, K, K,
[M][L]’

ML kK,
[M][L]"

Formation constant

(@0l
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 Alpha value = the fraction of
existing in the form
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the total concentration

9V

" 1+B,[L]+B,[L + B5[LF +...+B,[L]"

B.[1]

oML B, LI+ BLILE + B [LF +...+ B, [L]"

B.[1]°

ML T 1 BLIL]+ BLILY + B.

Bn[1]"

L] +...+ B, [L]

O

" 14 B,[L]+B,ILY + B,

L) +...+B,[L]
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TITRATION CURVES FOR | ot
COMPLEXOMETRIC TITRATIONS

20

Polidentate ligands react L:1
more complete with 2:1
cations compared to 2
ligands with a lesser
number of  donor S 10

groups and tend to
form 1:1 complexes.
These ligands are more
satisfacory.

0
0 10 20 30 40 50 60 70 80 90

Volume of reagent added, mL

© 2004 Thomson - Brooks/Cole
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TITRATIONS WITH INORGANIC ) ot
COMPLEXING AGENTS

The equivalence point of complexation reaction is determined by an
indicator or an appropriate instrumental method.

TABLE 17-1
Typical Inorganic Complex—Forming Titrations
Titrant Analyte Remarks

Hg(NO»), Br=,Cl™, SCN~, CN™, thiourea Products are neutral Hg(II) complexes;
various indicators used

AgNO; CN™ Product is Ag(CN); ; indicator 1s ™;
titrate to first turbidity of Agl

NiSO4 CN™ Product is Ni(CN)ﬁ'; indicator is I
titrate to first turbidity of Agl

KCN Cu®™, Hg?™, Ni?* Products are Cu(CN);~, Hg(CN),. and

Ni(CN)ﬁ'; various indicators used
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ORGANIC COMPLEXING AGENTS W&

Organic complexing agents: inherent sensitivity and potential selectivity in
reacting with metal ions.

e Particularly useful in:
(i) Precipitating metals

(ii) Binding metals to prevent interferences - forming stable
complexes : MASKING AGENT

(iii) Extracting metal from one solvent to another

(iv) Forming complexes that absorb light for spectrophotometric or
electrochemical determination and molecular fllourescence
spectrometry

(v) The most useful = form chelate complexes with metal ions
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nHX(org) + M""(aq) == MX,(org) + nH"(aq)

Many organic reagents are useful in converting metal ions

into form that can be readily extracted from water into an
immiscible organic phase.

Extraction are widely used to separate metals of interest from
potential interfering ions and to achieve a concentrating

effect, extracting into a phase of smaller volume is
chosen.

Extractions are applicable to much smaller amounts of

metals than precipitations, and they avoid problems
associated with coprecipitation.
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TABLE 17-2
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Organic Reagents for Extracting Metals

Reagent

Metal Ions Extracted

Solvents

8-Hydroxyquinoline

Diphenylthiocarbazone

(dithizone)
Acetylacetone

Ammonium pyrrolidine

dithiocarbamate

Tenoyltrifluoroacetone

Dibenzo-18-crown-6

Zn2+, CI.I2+', Ni2+, A13+,
many others

Cd?*, Co?*, Cu?*, Ph?t,
many others

Fet, Cu?™, ZnZt, U(VI),
many others

Transition metals

Ca*, Sr2*, La*™, Prit,
other rare earths

Alkali metals, some
alkaline earths

Water — Chloroform
(CHCl)

Water — CHCl, or
CCl,

Water — CHCl,;,
CCL_‘_.. or CGHG

Water — Methyl
isobutyl ketone

Water — Benzene

Water — Benzene
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AMINOCARBOXYLIC ACID | ot
TITRATIONS

EDTA (ethylenediaminetetraacetic acid)

The EDTA is a hexadentate ligand comprising four oxygen and
two nitrogen donor atoms.

H,C——COOH
/
HOOC—CH, H,C—N
\ /
N—CH, H,C——COOH

/

HOOC—CH,
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Molecular model of the H,Y zwitterion.

OOCCH, CH,COOH
*H~N~CH,~CH,~N~H"
HOOCCH, CH,CO0
(a) HY
OOCCH, CH.COOH
H~N~CH,~CH,~N~H"
O0OCCH, 'CH,CO0
(b) H,Y
OOCCH, , CH.COO
"H~N~CH,~CH;~N~H"_
OOCCH,” 'CH,CO0
(c) H,Y*"
00CCH, CH,CO0
i N~CH,~CH,~N~H"
DOCCH, "CH,CO0
(d) HY?
OOCCH, CH,CO0
i N~CH,~CH.~N
OOCCH, "CH,C00
(e) Y-

@ 2004 Thomson - Brooks/Cole
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Fraction of EDTA species as a function of pH
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EDTA EQUILIBRIA | ot

g « Sechroiogy + Crastiny

HyY = H™ + H5Y~ Ky =1.0%x 1072 = [H}gf;]y_]
HsY™ = H™ + HY?™ Koz =22x107° = [HL]LI[?EK]Z_]
H,Y?~ 2 HY + HY3™  Kui=69x1077 = [PI[ZI]Z[;Y—B]_]
HYS™ = HY + Y% K, =55x10"11 = [h[’;]y[z]_]
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COMPLEXES OF EDTA AND METAL IONS U5

g « Sechroiogy + Crastiny

EDTA combines with metal ions in a 1:1 ratio regardless of

the charge on the cation. (||)
C
. + 4- 3-
Example: Ag*+Y* = AgY 04 \
Al + Y+ =2 AlY | g CH
P ek
o< 1\|I
In general: M + Y+ = MY -4+ 0/M<// \/CHz
/ N CH,
[Myl[ﬂ—4]+] O/C\“"“C/ \
K —_ Hz @) CH2
M M \/
]
L 0 _

© 2004 Thomson - Brooks/Cole
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INDICATORS FOR EDTA TITRATIONS Ui

usually an ORGANIC DYE such as

(i) Fast Sulphon Black (for Cu determination, purple -2
green)

(ii) Eriochrome Black T (for Ca & Mg, red = blue)
(iii) Calmagite (for Ca & Mg, wine red /purple = blue)
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ERIOCHROME BLACKT Ui

H,O + HJnm == HIn> + H,0* K, = 5 x 107
Red Blue

H,O + HIn2> == In¥ + H,0" K, = 28 x 1012
Blue Orange

Approaching the equivalence point, the excess metal ion
reacts with indicator to form complexes (red solution).
The solution turns blue with the first slight excess of EDTA
in the absence of metal ions.

MIn- + HY3 = HIn? + MY?
red blue
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CALMAGITE INDICATOR Ui

CHs CHs
; o~ @)

N 2+ N —~— I -
Y + Mg~ —— Y Mg T H
N N /
I . OH @)
SO5” SO,
Calmagite (blue) Calmagite-Mg complex (wine red)

Figure 3 Reaction between magnesium and calmagite indicator
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EDTA TITRATION CURVES Ui

Titration between

pH =12
10 \/ Ca?* with Na,EDTA

at different pH
pH = 10
O 6 /
= pH=238

12

0 As the pH increases, the
0 10 20 30 40 50 60 | equilibrium shifts to the right.

Volume of 0.0100 M EDTA, mL

© 2004 Thomson - Brooks/Cole
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TITRATION METHODS EMPLOYING EDTA QEAAMN;

Direct method

=  The solution containing the metal ion to be determined is buffered to the
desired pH (e.g. to pH = 10) and titrated directly with the standard EDTA
solution.

Potentiometric methods (by using electrodes)
Spectrophotometric methods (measurement of UV /vis absorption)

Back-titration methods

= A known amount of EDTA is added to the analyte sample solution and the
excess EDTA is back-titrated with a standard solution of Mg?* or Zn?* solution
to an EBT or Calmagite indicators.

Displacement methods

=  Anunmeasured excess of Mg or Zn complex of EDTA solution is added into the
analyte sample solution.

=  The liberated Mg?* or Zn?* is then titrated with a standard EDTA solution.
MgY? + M** = MY?% + Mg?*
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APPLICATION Vs

Determination of water hardness for household and
industrial uses
= Hard water contains Ca, Mg and heavy metal ions that
form precipitates with soap (but not detergents)
= This results in a waste of soap and the precipitate is a
slimy curd that is difficult to remove
= Important because: Heated hard water will form CaCO,
precipitates that will clogs the boilers and pipes.
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