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Short notes for Unit III, covering all five types of titrimetric analysis. Condensed bullets, tables and key

diagrams for fast revision.

3.1 Acid-Base Titrations

e Ostwald’s Theory of Indicators:
An acid—base indicator is a weak organic acid or weak base that shows different colours in its
ionised and unionised forms.

e For an acidic indicator:

Hn=2H +In

o HIn — unionised form — acid colour
o In~ — ionised form — base colour
e The colour of the indicator changes depending on the pH of the solution.
o The indicator changes colour over a specific pH transition range, which should ideally include
the equivalence point of the titration.

Ostwald'’s Theory of Acid-Base Indicators

Hin 2 H* + In”

/ (un-ionised form) (ionised form)

In ACID medium: | In BEASE medium:
Equilibrium shifts LEFT | OH~ removes H*, pulling
(common-ion effect of H*). equilibrium RIGHT.

Indicator stays mostly as HIn — Indicator converts to In™ —
shows ACID colour. shows BASE colour.

Colour = Acid colour Colour = Base colour

(due to Hin) (duetoIn™)
=
.
Hin and In~ have different colours because they have different structures —
the colour change signals the pH change.

Ostwald's ionisation theory

+ Quinonoid theory: colour change = benzenoid (uncoloured) <> quinonoid (coloured) structural
change.
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Quinonoid Theory - Structural Basis of Colour Change
(colourless) ring structure rearranges (coloured)

OH (o) ‘

e.g. phenolphthalein e.g. pink phenolphthalein
in acid in base

The change between benzenoid (uncoloured) and quinonoid (coloured) molecular structures,
not just simple ionisation, is what the quinonoid theory attributes colour change to.

Quinonoid structural change

Classification of Acid-Base Pitrations

Acid-Base Titrations \

/ 7 \A\»

Strong acid vs Strong acid vs Weak acid vs (| Weak acid vs
Strong base Weak base Strong base ‘ ‘ Weak base

» 3 14
M Equivalence |
point (pH > 7)
S Equivalence 87 Equivalence 3
point (pH 7) point (pH < 7)
b |
|
Volume of base added

Volume of base added

Volume of base added ‘ Volume of base added

e.g. HCI vs NaOH | e.g. HCl vs NH, e.g. CH;COOH vs NaOH \ e.g. CH;COOH vs NH,3

Very weak acids or bases (pKa/pKb beyond about 7—-10) give such a gradual, ill- deflned end -point
in water that they usually cannot be titrated aqueously at all (see Part 2).

Classification of acid-base titrations

Strong acid / Strong base 7 Phenolphthalein or methyl orange
Strong acid / Weak base <V Methyl orange / methyl red
Weak acid / Strong base >7 Phenolphthalein

Weak acid / Weak base No sharp break None reliable

®3 e
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Strong Acid - Strong Base Titration Curve

pH

Any indicator changing near pH 7
(e.g. phenolphthalein or methyl orange)

12 4  canbe used.
o Initial pH is low (strong acid)
10 A o Sharp vertical rise at equivalence
e Equivalence point at pH 7
8 - e Final pH is high (strong base)
7 e e ——=———— — e el e e e R o i A
6 1 z 2
Equivalence point
H7.0
gl (pH 7.0)
2 4
0 L 1 L] T 1
0 10 20 30 40 50

Volume of titrant added (mL)

Strong acid—strong base titration curve

Weak Acid — Strong Base Titration Curve

pH

14 -
Phenolphthalein (changes pH 8.3-10.0) |
can be used (it changes colour within :
12 4 | the steep rise near equivalence). :
| e Initial pH is low (weak acid)
10 e Buffer region present
g Tl allladll@NOLCo,.-DI101] e Equivalence point > 7 (= 8.7)
g - e Final pH is high (strong base)
& Equivalence point
(pH 8.7)
Buffer region
(gradual rise in pH)
: ¥ Initial pH (weak acid)
1 T 1 1
20 30 40 50

Volume of titrant added (mL)

Weak acid—strong base titration curve

*d e
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Weak Base — Strong Acid Titration Curve

Methyl orange or methyl red

Initial pH (weak base) ; (changes in the acidic steep-rise region)

(~11-12)
12 4 r e

e Initial pH is high (weak base)
10 S e Gradual fall in pH (buffer region)
e Sharp vertical drop near equivalence
e Equivalence point < 7 (= 5.3)
T 8 1 e Final pH is low (strong acid)
-3
6 - Equivalence point ‘
----------------------------------------------- o= (pH 5.3) R
4
2 |
I
:
O T T : T T 1

0 10 20 30 40 50
Volume of titrant added (mL)

Weak base—strong acid titration curve

Standardisation of Hydrochloric Acid (against Sodium Carbonate)

; Accurately weigh Dissolve in water; ( 6 ?iae with the Yellow - orange/pink
‘ anhydrous Na,CO, add methyl orange HCl to be standardised | end-point; calculate
\ (primary standard) | indicator exact HCl normality

v e

Before end-point At end-point
4 (yellow) (orange/pink)
Dissolve weighed Na,CO. ‘ Titrate with the HCl solution Use methyl orange indicator
Anhydrous Na,CO, ikt <
( rin¥13r standzarda) in distilled water and add to be standardised until (yellow — orange/pink) and
i g methyl orange indicator. ‘ end-point is reached. calculate the exact normality of HCI.

Standardising HCI against sodium carbonate

WORKED EXAMPLE — STANDARDISING HCL

0.265 g anhydrous Na.COs (eq. wt. 53) needs 19.8 mL HCl (methyl orange).
Normality of HCI = (0.265/53) / 0.0198 = 0.253 N

Standardisation of NaOH (vs. Potassium Hydrogen Phthalate)

Accurately weigh 2 Dissolve in Titrate with the Colourless - permanent
KH-phthalate CO,-free water; NaOH to be standardised faint pink; calculate
(primary standard) add phenolphthalein 1 exact NaOH normality

NaOH

/(solu!ion to be
standardised)

Before end-point At end-point

(colourless) (faint pink)
OO o O oo atmdactiodl” Titrate with the NaOH solution (ol oy k)
(KHCgH,0,, KH-phthalate) distilled water and add a few drops to be standardised until a and calculate the exact normality
(primary standard). of phenolphthalein indicator. permanent faint pink colour appears. of NaOH.

o5e
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Standardising NaOH against KH-phthalate

0.408 g KH-phthalate (eq. wt. 204.2) needs 20.0 mL. NaOH (phenolphthalein).
Normality of NaOH = (0.408/204.2) / 0.020 = 0.100 N

« Ammonium hydroxide assay: direct titration vs standard acid, methyl red indicator (equivalence

point is acidic; never phenolphthalein).

« Double indicator method (Na:COs/NaHCOs mixture): titrate to phenolphthalein end-point (V1),
then continue with methyl orange (V2); Vi1 — carbonate, (V>—V1) — bicarbonate.

3.2 Non-Aqueous Titrations

o Non-aqueous titration is a titration carried out in a solvent other than water.
e Itis mainly used for the assay of very weak acids or weak bases that do not give a sharp end-

point in aqueous solution.
e In water, the levelling effect can make weak acids or bases behave similarly, resulting in a poor

or indistinct end-point.
o Using a suitable non-aqueous solvent increases the apparent strength of the analyte and produces a

sharper, more distinct end-point.
o Pharmaceutical importance: Commonly used for the assay of weakly acidic or basic drug

substances.

Classification of Non-Aqueous Solvents

Solvents
Protophilic | Protogenic Amphiprotic Aprotic 1
| | | |
Accepts protons || Donates protons | Both accepts & Neither; inert |
\ donates, e.g. water,
. ; ., e alcohols e.g. benzene, ‘
e.g. pyridine, DMF e.g. glacial acetic acid Silorofonm
Protophilic solvents sharpen the strength of a WEAK ACID (used in alkalimetry);
protogenic solvents sharpen the strength of a WEAK BASE (used in acidimetry).

Classification of non-aqueous solvents

Protophilic Accepts protons Pyridine, DMF Alkalimetry (weak acids)
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Protogenic Donates protons Glacial acetic acid Acidimetry (weak bases)
Amphiprotic Both Water, methanol Co-solvent
Aprotic Neither Benzene, chloroform Lowers dielectric constant

The Levelling Effect of Water

In water, HCIO,, HCI, and H,SO, all appear
EQUALLY strong — all ionise completely.

¥

Water cannot distinguish them because it is already
a strong enough proton acceptor to fully ionise all three —
the strongest acid “visible” in water is H;0" itself.

v

In a weaker proton acceptor (e.g. glacial acetic acid),
their true differences reappear — HCLO, turns out to be the
strongest, letting non-aqueous titration distinguish them.

The levelling effect of water

Non-Aqueous Acidimetry vs Alkalimetry
ACIDIMETRY

Estimates BASIC substances Estimates ACIDIC substances
(e.g. alkaloids) (e.g. sulphonamides, barbiturates)
Titrant: 0.1 N perchloric acid Titrant: 0.1 N sodium methoxide
in glacial acetic acid in benzene-methanol
Solvent used: glacial acetic Solvent used: pyridine or
acid (protogenic) DMF (protophilic)

Acidimetry vs alkalimetry

_ Acidimetry Alkalimetry

Acidic substances (sulphonamides,

Estimates Basic substances (alkaloids) Backitorates)

Titrant 0.1 N HCIOx4 in glacial acetic acid (N secimmethoxideiin befizenes
methanol

Indicator Crystal violet Thymol blue

« Mercuric acetate is added when the sample is a hydrochloride salt, masking CI~ so it does not
consume titrant.
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Standardising Perchloric Acid (vs. Potassium Hydrogen Phthalate)

Weigh KH-phthalate; Add crystal violet Titrate with the O Blue-violet —»
dissolve in glacial indicator HCIO, / acetic acid greenish end-point;
acetic acid b solution calculate normality

Crystal
violet
indicator

"l

Standardising HCIO+

WORKED EXAMPLE — STANDARDISING PERCHLORIC ACID

0.204 g KH-phthalate (204.2) needs 10.0 mL HCIO4 (crystal violet).
Normality = (0.204/204.2)/0.010 = 0.100 N

Standardising Sodium Methoxide (vs. Benzoic Acid)

) )

-
Weigh benzoic acid; e Add thymol blue 9 Titrate with the O Yellow — blue
dissolve in indicator sodium methoxide end-point;
\ calculate normality
[

benzene-methanol solution

Benzene-
methanol

Thymol blue
indicator

Benzoic acid

Standardising sodium methoxide

WORKED EXAMPLE — STANDARDISING SODIUM METHOXIDE

0.122 g benzoic acid (122.1) needs 10.0 mL sodium methoxide (thymol blue).
Normality = (0.122/122.1)/0.010 = 0.100 N

8 e
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Non-Aqueous Estimation of Sodium Benzoate

o Dissolve weighed Add crystal violet e Titrate with standard 0 Blue — green
sodium benzoate indicator 0.1 N HCIO, end-point;

in glacial acetic acid calculate % purity

Glacial
acetic acid
indicator

Before end-point At end-point

Sodium benzoate (blue) (green)

Non-aqueous estimation of sodium benzoate

WORKED EXAMPLE — ESTIMATION OF SODIUM BENZOATE

0.144 g sodium benzoate (144.1) needs 9.8 mL of 0.1 N HC1O.

Weight reacting = 0.1x0.0098x144.1 = 0.1412 g; % purity = 98.1%

Setting Up a Non-Aqueous Titration

0 Burette filled with titrant,
fitted with a guard tube
(soda lime) to exclude
CO,/moisture

=
9 Sample dissolved in the dried,

chosen non-aqueous solvent,
in a dry titration flask

¥
| e Titrate with constant stirring; e
‘ detect end-point visually or /
potentiometrically (glass + reference

’ electrode pair)

<«— Reference
electrode

Magnetic
stirrer

The entire set-up is kept as dry as practicable throughout.

General set-up for a non-aqueous titration

Gravimetric Analysis

o Dissolve — dissolve the sample and convert the analyte into a suitable soluble form.

o Precipitate — convert the analyte into an insoluble precipitate.

e Digest — warm and allow the precipitate to stand so that the particles become larger and purer.
9 e
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o Filter & Wash — separate the precipitate and wash it to remove soluble impurities.

e Dry or Ignite — dry or heat the precipitate to obtain a known, constant composition.

e Cool & Weigh — cool the precipitate in a desiccator, then weigh it accurately.

e Calculate — determine the amount or percentage of analyte from the mass of the precipitate.

Sequence

Dissolve — Precipitate — Digest — Filter & Wash — Dry/Ignite — Cool & Weigh — Calculate %
Analyte

Steps in Gravimetric Analysis

£ B ) N e \ - N 5 ™\
O | O © | O (5] 6
Dissolve sample; Precipitate analyte | | Digest the precipitate Filter and wash Dry orignitetoa Cool (desiccator) |
convert analytetoa as aninsoluble, (warm, stand) to precipitate free of known, constant and weigh; calculate |
suitable form pure compound coarsen crystals soluble impurities composition % analyte

[[a000,

The six steps of gravimetric analysis

« A good precipitate: low solubility, easily filterable (large crystals, not colloidal), high purity, known
fixed composition after drying/igniting.

Effect of Precipitation Conditions on Crystal Size

Fast precipitation Slow precipitation
(concentrated, cold, rapid addition) (dilute, hot, dropwise addition)

Result: many small S — Result: fewer, larger

crystals (fine precipitate) crystals (coarse precipitate)

» High concentration » Low concentration (dilute)

* Low temperature (cold) » High temperature (hot)

* Rapid addition of precipitating agent « Slow / dropwise addition of precipitating agent

Effect of precipitation conditions on crystal size

¢10 ¢
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WORKED EXAMPLE — GRAVIMETRIC FACTOR

0.4200 g BaSQO4 (233.4) obtained. Weight of Ba (137.3) present?
Gravimetric factor = 137.3/233.4 = 0.588; Weight of Ba = 0.4200x0.588 = 0.247 g

Mohr’s Method — Argentometric Titration of Chloride

Sample (Cl-) + K,CrO, indicator, ‘ J@@fﬂﬁ?
0

titrated with AgNO;

Sample + K,CrO,
(yellow solution)

vy

Main reaction (occurs first, Cl™ in excess):
Ag* + Cl- — AgCl|
(white precipitate) White Agcl
e 7 : precipitate
¥ .
End-point reaction (once Cl~ is used up):
2Ag* + Cr0,2~ — Ag,Cr0,!
(brick-red precipitate) Bricksiad AgaCans
L (end-point) )

Works best near pH 6.5-10; must be titrated in neutral to faintly alkaline solution.

Mohr's method for chloride

« Mohr's method: ClI~ + AgNOs, K2CrOs indicator (brick-red AgCrO4 end-point); needs pH 6.5-10.5.

WORKED EXAMPLE — MOHR'S METHOD

0.500 g NaCl titrated with 0.100 M AgNOs, requiring 82.4 mL.
Moles AgNOs = 0.00824 mol = moles NaCl; Weight = 0.4816 g; % purity = 96.3%

¢ll e
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Volhard's Method — Back-Titration for Halides

Known EXCESS of standard AgNO: added to
the halide sample (in acidic solution)

:

Ag* + X~ = AgXl (X =Cl, Br,orl)

!

Unreacted excess Ag* is back-titrated with
standard KSCN, using ferric alum indicator

!

End-point: faint reddish-brown [FeSCN]?* colour appears

Volhard's back-titration

« Volhard's method: excess AgNOs added, back-titrated with KSCN, ferric alum indicator (red
[FeSCN]?); works in acid.

Modified Volhard’s Method for Chloride

o PROBLEM: AgCl is more soluble than AgSCN, so it slowly re-dissolves

and reacts with SCN™ during back-titration, giving a fading, unreliable end-point.
FIX (either one):
Filter off the AgCl precipitate Add nitrobenzene (or similar)
before back-titrating the filtrate. to coat the AgCl and physically

prevent it reacting with SCN™.
Remove AgCl, @

—— Nitrobenzene forms
then titrate the a protective layer and
filtrate with SCN™. stops AgCl from

\

reacting with SCN™.

The AgCl solubility problem and its fix

« Modified Volhard's: for Cl~ specifically, AgCl is more soluble than AgSCN — filter AgCl first or
add nitrobenzene to isolate it. Not needed for Br/T".

¢l2 ¢
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Fajans Method — Adsorption Indicators

Before equivalence: Cl- is in excess

.

AgCl precipitate surface adsorbs excess Cl-
(primary layer) — indicator anion (e.g. fluorescein-)
is repelled, stays in solution: yellow-green colour

.

After equivalence: excess Ag* is adsorbed instead
(primary layer) — the indicator anion is now
attracted to the surface — precipitate turns PINK

Adsorption indicator mechanism

« Fajans' method: direct titration using an adsorption indicator (fluorescein) — precipitate turns pink at
the end-point; wider pH range, no back-titration needed.

Method Indicator/Detection Key Limitation

Mohr's Direct K>CrO4 Narrow pH range; not for

I/SCN-
Volhard's Back-titration Ferric alum Chloride needs modification
| " i .
Modified Volhard's Back-titration Ferric alum ]satzga Rlranon/nHrobenzene
—— I Ee W [ i N
Fajans' Direct Adsorption indicator e i M S

| colloidal

Gravimetric Estimation of Barium Sulphate

Dissolve barium Add hot dilute BaS0. precipitates; Filter (ashless Ignite to constant
salt sample; <+ | H:50. slowly with | 9» digest on water | | paper), wash free | $» weight; cool in
acidify with HCI stirring bath of ClI-/S0.2- desiccator; weigh

Gravimetric estimation of barium sulphate

WORKED EXAMPLE — GRAVIMETRIC ESTIMATION OF BARIUM

1.000 g BaCl.-:2H20 (244.3) yields 0.9515 g pure BaSO4 (233 .4).
Gravimetric factor = 244.3/233.4 = 1.047; Weight = 0.996 g; % purity = 99.6%

¢l13 ¢
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Choosing a Filtration Medium for Gravimetry

Ashless filter
paper

Sintered-glass
crucible

Gooch crucible
(asbestos/glass mat)

For precipitates that
will be IGNITED —
paper burns away

leaving negligible ash

For precipitates dried
(not ignited) at moderate
temperature; paper
not needed

Older technique for
precipitates needing
filtration under
suction

Choosing a filtration medium for gravimetry

3.4 Complexometric Titrations

« EDTA: hexadentate ligand (2 N +4 COO"), forms stable 1:1 chelate with metal ions regardless of
the metal's valency.

EDTA — A Hexadentate Chelating Ligand

Co0-

C0oO-

C00-

COO-

EDTA binds a metal ion through 2 nitrogen atoms and 4 carboxylate oxygen atoms,
forming a very stable 1:1 ring complex (chelate) regardiess of the metal's normal valency.

EDTA's hexadentate chelation of a metal ion

Classification of Complexometric Titrations

Direct titration

Back titration

Replacement
(substitution)

Alkalimetric
titration

Metal ion titrated
directly with EDTA

Excess EDTA added,
back-titrated with a
second metal solution

Analyte displaces a
weakly-bound metal
from its EDTA complex

H* released when
EDTA binds metal is
titrated with NaOH

The four types of complexometric titration

®l14 ¢




NOTESKARTS | BP106T — Unit Il Short Notes
« Direct: metal titrated straight with EDTA. Back-titration: excess EDTA added, unreacted titrated
with a second metal (used when no indicator exists or reaction is slow — e.g. AI*").

« Replacement: analyte displaces a weakly-bound metal (e.g. Mg?") from its EDTA complex, then the
liberated metal is titrated. Alkalimetric: H" released is titrated with NaOH.

Metal lon Indicator

(Eriochrome Black T)

Free indicator (In3-)
BLUE colour

Metal-indicator complex
(M-In) WINE-RED colour

l + EDTA

EDTA takes the metal;
free indicator released
- colour returns to BLUE

Metal ion indicator mechanism

Indicator N Lttor Free Colour Typical Use
Colour

Eriochrome Black T ;‘ Wine-red Blue | Ca*", Mg* at pH ~10

Murexide Pink/red Violet Ca?" alone at pH ~12-13

Approximate pH Ranges for Metal-EDTA Titrations

Ca2+ - ‘

Zn2+ | -

Fes+ |

Bi3+ | -
T T T T 1

0 2 4 6 8 10 12 14
pH range for sharp EDTA titration

pH ranges needed for a sharp EDTA titration by metal
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Masking and Demasking in Complexometric Titrations

MASKING DEMASKING
The masked metal is released
back into solution, freed to
react with EDTA again
(e.g. formaldehyde demasks
CN--masked Zn?*)

An interfering metal ion is
converted to a stable complex
that will NOT react with EDTA

(e.g. CN- masks Zn2+, Cd?*)

Purpose: allows one metal ion to be titrated selectively
while others present in the same solution are temporarily "hidden".

Masking and demasking

« Masking agents (e.g. KCN, triethanolamine) block interfering metals from reacting with EDTA.
Demasking (e.g. formaldehyde) reverses this.

Standardising Disodium EDTA (vs. Calcium Carbonate)

Adjust pH with

i Wine-red - blue
buffer (pH 10); Titrate with the oL
add Eriochrome ’ EDTA solution — end-point;

Black T calculate molarity

Weigh CaCOs;
dissolve in dilute  —
HCl

Standardising EDTA against CaCOs

WORKED EXAMPLE — STANDARDISING EDTA

0.1001 g CaCOs (100.1) needs 20.0 mL. EDTA (Eriochrome Black T, pH 10).
Moles CaCOs = 0.0010 mol = moles EDTA; Molarity of EDTA = 0.0010/0.020 = 0.0500 M

Complexometric Estimation of Magnesium Sulphate

Add ammonia buffer Titrate with Wine-red - blue

=P | (pH 10) + Eriochrome | ————f» —_— end-point;
Black T SUECTECITE] e calculate % purity

Dissolve MgSOa
sample in water

Complexometric estimation of MgSO,

WORKED EXAMPLE — ESTIMATION OF MAGNESIUM SULPHATE

0.246 g MgSO4 7H20 (246.5) titrated with 0.05 M EDTA (Eriochrome Black T, pH 10), 19.8 mL.
Moles EDTA = 0.00099 mol = moles Mg?*; Weight = 0.244 g: % purity = 99.2%

¢l6 e
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Complexometric Estimation of Calcium Gluconate

Dissolve sample; Add murexide Titrate with Pink - violet
add NaOH to B — indicator (pink in —_— standard EDTA —_— end-point;
pH 12-13 presence of Ca?*) calculate % purity

Complexometric estimation of calcium gluconate

« Calcium alone needs murexide at pH 12—13 (Mg?" present precipitates as hydroxide at this pH).

Typical EDTA Titration Curve

10 A

pM (—log[M"*])

T T T T T

0 20 40 60 80 1c'}0
Volume of EDTA added (mL)

A typical EDTA (pM vs volume) titration curve

8 3.5 Redox Titrations

« Oxidation = loss of electrons (1 oxidation number); Reduction = gain of electrons (| oxidation
number) — always occur together.

Oxidation and Reduction — Always Together

OXIDATION REDUCTION
Loss of electrons Gain of electrons
Increase in oxidation number Decrease in oxidation number
(the reducing agent is oxidised) (the oxidising agent is reduced)

electrons transferred

Example: Fe2+ - Fe3+ + e~ (oxidation)
MnQOa~ + 8H* + 5~ = Mn?* + 4H:0 (reduction)

Both reactions always occur together — there is no oxidation without a corresponding reduction.

V'S 1 7 V'S




NOTESKARTS | BP106T — Unit Ill Short Notes

Oxidation and reduction always occur together

WORKED EXAMPLE — BALANCING A REDOX EQUATION

MnO. + Fe?* — Mn?*" + Fe®" (acidic).
Oxidation: Fe**—Fe3'+e¢~ (x5). Reduction: MnO4+ +8H'+5¢ —Mn?"+4H,0.
Balanced: MnO4 + 8H" + 5Fe?" — Mn?*' + 4H.O + 5Fe3*

Types of Redox Titrations

Redox Titrations

o= e e, ey

‘ Permanganometry ‘ Cerimetry | lodimetry M lodometry ] lodate titrations
KMnO, Ce(IV) salts Direct titration Indirect — liberated KIO, as the
self-indicating ferroin indicator with iodine ‘ Iy tilrated with oxidising titrant

thiosulphate

Ferrom
|nd|cator

|| 1, (liberated Na,S,0; | |
KMnO, Ce(lV) F(leratech (thiosﬁléhaste) HI02

The five classes of redox titration

Permanganometry — Self-Indicating Titration

KMnO: (deep purple) added from burette
to the reducing-agent sample (acidic medium)

!

MnOs~ + 8H* + 5~ = Mn2* + 4H.0
(purple - colourless, as long as reductant remains)

!

END-POINT: first permanent faint pink tinge
(one drop of excess, unreacted KMnOa)

Permanganometry is self-indicating

« Permanganometry: MnO+ +8H"+5¢ —Mn?*+4H,0. Self-indicating (pink end-point). Must use dilute
H2SOs, never HCI.

WORKED EXAMPLE — STANDARDISING KMNO4

0.134 g sodium oxalate (eq. wt. 67), warmed ~60°C, needs 20.0 mL. KMnOex.
Normality of KMnOa4 = (0.134/67)/0.020 = 0.100 N

¢18 ¢
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Cerimetry — Ceric Ammonium Sulphate Titration

Ce(lV) solution added from burette
to the reducing-agent sample (acidic medium)

!

Ce% + e~ - Ce¥+
(pale yellow Ce** — colourless Ce3*)

}

END-POINT: ferroin indicator changes
from red to pale blue (excess Ce**)

Cerimetry using ferroin

« Cerimetry: Ce*+e—Ce*". Ferroin indicator (red—pale blue). More stable than KMnQs4, usable in

HCI medium.

lodimetry vs lodometry

IODIMETRY (direct) IODOMETRY (indirect)
Sample is a REDUCING agent Sample is an OXIDISING agent
Titrated DIRECTLY with a Liberates Iz from excess Kl;
standard iodine solution the liberated |- is titrated

with standard sodium
2 + 2e~ = 2I- thiosulphate
Starch indicator: blue-black i Starch indicator: blue-black
colour appears at end-point colour disappears at end-point

lodimetry vs iodometry

_ Iodimetry (Direct) Iodometry (Indirect)

Sample is
Method

Starch

Typical use

A reducing agent An oxidising agent

Wizl el s i s Liberates I from excess KI; titrated

with NazS:203
Blue-black appears at end-point Blue-black disappears at end-point
Ascorbic acid, sulphites Copper salts, oxidising agents

WORKED EXAMPLE — IODOMETRIC ASSAY OF COPPER

2Cu*+4I—2Cul | +I.. Liberated L titrated with 0.100 M Na.S.0s, requiring 20.0 mL.
Moles thiosulphate = 0.00200 mol — moles I> = 0.00100 mol — moles Cu?" = 0.00200 mol; Weight Cu =

0.127 g

¢19 ¢
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Titration with Potassium lodate

KIOs (standard) added 103 + 51- + 6H* - Liberated Iz reacts Starch added near Sharp blue-black
to acidified KI + > ? 3l + 3H20 > with the reducing B end-point; titration o end-point when [z
sample solution : 2 analyte present continued just exceeds analyte

Titration with potassium iodate

« I05+5I+6H"—3L:+3H20. Potassium iodate: high-purity, stable primary standard, used to
standardise Na2S20s.

Determination of lodine Value (Degree of Unsaturation)

Weigh fat/oil Add excess Stand in dark; Liberated Iz Compare with a
sample; dissolve > Wij's/Hanus > excess halogen > titrated with B blank; calculate
in solvent reagent (ICl or IBr) reacts with Kl Na25203 iodine value

Determination of iodine value

« lodine value (fats/oils): excess Wij's/Hanus reagent (ICI/IBr) reacts with double bonds; unreacted
halogen liberates I from KI, titrated with Na>S.0s, compared with a blank.

Typical Redox Titration Curve
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A typical redox titration curve
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MnOs + 8H" + 5¢- — Mn* + 4H.O

Ce™ re” = G

L+2¢ —2I

2S:05* — S406* + 2¢~

105~ + 51" + 6H" — 31> + 3H20
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