Potentiometry is an electrochemical method of analysis which deals with the m

of electrical potential of an electrolyte solution (analyte) under the conditions of
constant current (zero current). The measured electropotential is used for qualitatiye
and quantitative analysis of the analyte. The quantitative analysis includes the
determination of concentration of analyte by measuring the changes in the electromotive
force (potential or voltage) which are brought about by the addition of a titrant to the
sample. Quantitative aspect also includes measurement of the concentration of H jons
i.e., pH. Hence, pH metry is also a form of potentiometry. Qualitative analysis includes
the analysis of a given sample to detect the presence of certain ions using ion selective
electrodes.

Potentiometry is concerned with the measurement of electrical potential of an

electrolyte solution to determine its concentration. The principle is based on the fact that
the potential of the given sample is directly proportional to the concentration of ifs
electroactive ions or more clearly the activity of the electroactive ions i.e., pH.
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The theory of potentiometry is based on Nernst equation. It gives the basic relationship
between the potential generated by an electrochemical cell and the concentration of
the ions. ,

Nernst Equation :

-The potential £ (half cell potential) of any electrode is given by Nernst equation. It is
named after the German physical chemist Walter Nernst. The equation is represented 8 :

£ - g0 2303RT [Ox]
nk [Red]

“where,
E — Electrode potential of the half cell,
E’ - Standard electrode potentia].
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R ] Universal gas Constant (83145 J@ﬁole)
T — Temperature (298 k or2s0 ) .
B F - Faraday’s constant (Charge/mole of electrons, 96500 c/;figle) S
n — Number of electrong transferred in the half reaction, 5
| [Ox] - Concentration of the oxidised species (reducing agent).
[Red] = |

Concentration of the reduced Species (oxidising agent). |

By combining the numerical constants
base e(In) to logarithm of base 10(log),
conditions of temperature can be written

(R, T and F) and converting the logarithm of
the Nernst equation for an electrode at standard

as :

0.05
E = EO — 9] log [OX]
n [Red]

Significance of Nernst Equation :
1. It gives the potential of an electrode.

2. It gives the relationship between the electrode potential and concentration of the
electroactive ions.

Limitations of Nernst Equation :

1. It is assumed that at lower concentrations activity of the ions (pH) is equal to
their concentration whereas at higher concentrations, it is not true.

Ids good only when no current flows through the electrodes.
rrent across the electrodes causes changes in the ionic activity at
lead to variations in the measured potential.

2. The equation ho
Application of cu
the electrode surface and may

e which converts chemical energy into electrical energy.
lectric current from chemical reactions.

Electrochemical cell is a devic
It is used to generate potential and e

El : nsists of two electrodes in contzfct with an ele_cu'olyte soluu?n.

ectrochem'ncal cell CZ e = tion which mvolyeS relmslpg and accept.mg
Tl;e ;:urnent is gen;mtft!woyelectr odes i.e., the basic chemical reaction undergoing
OI electrons at-the tW

in ical cell is redox reaction. - :
an electrochemical isting of a copper electrode and zinc

Example :  Consider an electrochem! respective electrolyte solutions i.e., zinc sulphate

- into their A
f'ifé'f‘;‘;‘fé"iﬁw sulphate (CuSo,) respectively.
-




Salt bridge

L L 0L 0 L P72 22722227227

Half cell-at which Half cell at which
Oxidation takes place reduction takes place

The half reaction Contributing to the electrochemical cell are :
Zn — 7Zn*? + 2e (Oxidaﬁon at Anode)
Cu'? L5 :Cir: - (Reduction at Cathode)

- The net reaction is :
< Zn + s == ) 4 712
The electrochemical cell is répresented as :
. Zn|Zn*? || Cu" | Cu

_ (Or) '
Zn ;Zn" || Cu'?; Cu

'WhI'Ie representing an electrochemical cel] the anode half cell is a]ways wrl i
eft hand side and the cathode half cell on the right hand side while the metal olec

‘s

tten on the




gach electrode of an electrochemical ce] j 5 - g o
ey foxidation) ari P HEH) halcfe“ 15 referred to as half cell. One half cell lose

o e ; cell gain electrons (reducti '
: : ction). Th ;
which oxidation occurs is anode and the half cell at which red t") 'The half"cell gt
cathode. uction takes place is

Out of the two electrodes (half cells), one is called the vetetdiie dleeirade  which
has a stab.le and CQHStént potential and the other is called the indicator el:ctv:o:lc
the potent{al of which is to be determined. Electric current is generated by virtue ;‘
the potential difference between the indicator and the reference electrodeg The two
electrode§ are CO{mec‘ted to an external circuit to give a complete electroche;.nical cell
A salt .brldge. which is a solidified agar bridge or a strip of filter paper saturated e
potassium nitrate or potassium chloride or ammonium nitrate serves as a contact
between the two electrolyte solutions. It also inhibits the liquid junction potential or |
diffusion potential arising due to transfer of ions between the two solutions. - .

Types of Half Cells :

1. Metal Half Cell : It consists of a metal electrode dippéd into a solution.of the same
metal ions /

Example : Zinc rod dipped into zinc sulphate (ZnSo,) 'solutic:m..
The half cell is represented as :

Zn | Zn*?
Copper rod dipped into copper sulphate (CuSo,) solution.

The half cell is represented as :

Cu | Cu'?
a non-reactive metal plate (gold or platinum) or a

g : i he metal plate. If the
: ' to a solution and gas 1S bubbled over t
graphite rod dipped 1n ction are non-metallic in such cases, electrodes

: involved in the rea ’ :
Sfms O}; uzlns : ed. To make an electrode suitable for such tyge'of reactions, a
REoh e LeBI 4 into a solution containing H" ions and gas is

non-reactive metal plate is dippe _
bubbled over the plate at 2 standard pressure of 1 atmosphere.

Example Hydrogen half cell is represented as :

2. Gas Half Cell : It consists of

PII Hg:’u—) ’H+

3. Half cells in which a me

: KCl
HgIngClzu:’o'lN




Silver-Silver Chloride electrode
Ag/AgCl( e NaCl _
Mercury - Mercuric oxide electrode
F s Hg/HgO .,y NaOH
Standard Electrode Potential (E°) :
iy Electrode potential or reduction potential is defined as the potential difference betweey
the two electrodes (half cells).

Standard electrode potential also known as standard reduction potential or OXidatigp,
reduction potential is defined as the tendency of a chemical species to gain electrong
The more positive the reduction potential, greater is the tendency of the species t(;
gain electrons. - :

Standard electrode potential of the ions participating in the chemical reaction is
B measured in volts or millivolts at standard conditions of temperature (25°C or 298K),
~pressure (1 atm) and concentration (I M). The standard electrode potential of a single
electrode cannot be measured independently. Hence, a complete electrochemical cell js
built by combining a reference electrode and an indicator electrode. The potential of
the indicator electrode is measured against the potential of the reference electrode which
has a known standard potential. The potential of the indicator electrode is calculated
from the relationship.

B = +E°

(reference) (indicator)

or

E(cell) = E?anode) _E?cathode) !
The Standard Hydrogen Electrode (SHE) has half cell potential exacuy 0 V at 25° C
against which all the other standard redox potentials are determined.
For example : Consider an electrochemical cell consisting of SHE as reference

electrode and copper - copper sulphate as indicator electrode. The
electrochemical cell is represented as :

H,g [H,80 4 |CuSO4(aq) |Cu,

E % o 2 {
~ The emf of the cell was found to be 0.34 V at 25°C, since, we know that the E? of |
SHE is ‘0’ V at 25°C.

: o -
E° of copper electrode can be determined by substituting the standard potential value
in the equation. '

- 0
E(cell) = E(reference)’_ E?indicator)
_ o 0
034 = Eg,+E,
034 = E¢i, +0
By = 034V
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 The standard electrode potenti

1E are as follows :

Reference Electrode
—

Saturated Calome] Electrode (SCE)
Silver-silver Chloride Electrode (Ag-AgCl) 0.2224

Mercury-Mercuric Oxide (HgHgO)
Mercury-M

The various electrodes used in potentiometry and pH metry are classifi
ELECTRODES '

|
l ' o '

ed as follows :

Reference Indicator Combination Oxidation *  lon selective
electrodes electrodes pH electrode reduction electrodes
l electrodes
Primary Secondary Hydrogen Quinhydrone Antimony Glass
reference * reference electrode electrode  antimony electrodes
electrodes  electrodes oxide = -
: electrode
Standard  Saturated Mercury Silver  Mercury Glass - Liquid Solid Double
hydrogen  calomel mercurous  silver ~ mercuric membrane membrane state membrane
clectrode  electrode suulphate  chloride oxide electrode  electrode: electrode electrode
(SHE) (SCE) electrode  electrode  electrode |

Crystal membrane Precipitate
electrode me mbrane
(Fluoride electrode)  electrode

Refer énce Electrodes' :

rode which has a stable and fixed potential i.e.,

7 ipping intc lution. It
t i e electrode does not change on dipping inggpany 2Y
g};Segottl?: t;?z]m(c)lirl:f(e):e;r(:own potential. Reference ]el:)afct:];):ég iljegszgm@;l :‘“;t l';:lfls":df?: :
electrochemical cell for determining the'Pot¢ntla e poreialiar o afa i
combination with an indicator electrode to meas:e'is taken as the primary standard
electrolyte. The potential of t“e.f°‘f°’e“°§1§§§?§‘§ is compared. .
against which the potential of the indicator 7 e : el
~ PULSE| PUBLICATIONS

Reference electrode is defined as an elec
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|

e electrode consists of an inner tube filled with Hg-Hg,

m amalgam-thallium chloride paste; an outer tube containing
solution (saturated KCI) and a device ,li!ce ground .glas‘s §l?eve, wmic
disc to form liquid junction with the solution into which it is immersed. :

BFigure:
Reference
Electrode

» Cap

» Quter tube (containing saturated KCI)

\

Platinum wire

» Innter tube (containing a paste of
Hg-Hg, Cl, or Ag-AgCl
thallium amalgam-thallium chloride)

» Small orifice

» Fritted disc

Types of Reference Electrodes :
(a) Primary Reference Electrode :
— Standard Hydrogen Electrode (SHE)
(b) Secondary Reference Electrodes :
(i) Saturated Calomel Electrode (SCE)
(i) Mercury-Mercurous Sulphate Electrode
> (iii) Silver-SilVer_Chloride Electrode

(iv) Mercury-Mercuric Oxide Electrddé




Reversibility

Stability : Reference electroge should be stapy
€ stable

2.

3. Reproducibility

1

2. Reversibility : It should be ip ¢

qQuilibrium with it« :
its
hen small current i appliec;ons ROl ns ol

3. Reproducibility : It should obey N

PR ernst i
within the accepted standard e €quation and should measure the potential

on range.

electrode.

8Figure :
Hydrogen
Electrode

:—_—_04——— Hydrogen gas

| Glass tubing

__» Platinum wire

platinized '
/ platinum foil o
. | .1 which is coated with a layer of finely divided

k. This coating increases the surface area of the
d establishement of the electrode reaction

platinum called platin in rapi
helps 11
electrode and also help interface-

| b across the electrode solution ,
Q‘\mer : PULSE PUBLICATIONS
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:"ﬂn platinum foil is soldered to a platinum wire and

The potential of the electrode is given as :

: = 3 ; e
| reproducible, but, it is used as standard reference electrode in pH measure™ |

(D) Itis used as primary standard electrode for pH measurement.
- (i) It is used to check the accuracy of other pH electrodes.
(iii) It is used to determine the sodium error of the -'g‘ﬁss'ﬁlccme-'

(iv) It is used to determine the stability and accuracy of the 1€

e

tubing which has an inlet through which pure hydrogen gas (99
continuously at a pressure of 1 atmosphere. When the elect

into a standard acid solution, it serves as a reference electrode ang
into an unknown solution containing H" ions whose potential or b
determined, it serves as an indicator electrode. The electrode ’
should be completely saturated with the hydrogen gas. Platinyp 4.
take part in the electrochemical reation. It serves as a site for
It absorbs some of the H' ions from the solution onto its. s“l‘face“ 1
maintaining an equilibrium between the absorbed hydrogen and the H‘% '

the solution. 10ns iy

4l
i

The electrode reaction is given as :

H, — 2H" +2¢"

_go_ 2303RT
(H*.H,) nF

=E® -0.0591 log[H*]

E log[H"]

Since, E° of hydrogen electrode at standard conditions of temperature and pressue
is 0 V, therefore,

E = 0.591 log [H]
= 00591 pH

0.0591

pH

Thus, by measuring the emf of the cell, the pH of a sample solution ca“a: :
determined. Although the results obtained by hydrogen galectrode 1

is restricted due to some practical difficulties.

: ide |
Therefore, Saturated Calomel Electrode (SCE) and silver-silver .ch!?able

: ‘ b sul
reference electrodes are commonly used. When coupled with 's ;
indicator electrode it works either as anode or cathode. .

Uses of Hydrogen Electrode :

- solutions.

1



%

|
[ X

(b)

werenise

Advantéges H

(i) It can be used as a reference and indj | e
cator electrode. When dipped into

standard acid solution, it a
: 4 » 1t acts as referenc |
into sample solution it acts as an indicator eleec:rl:::rode and when dipped

(ii) It is the fundamental reference elect i
\ rode against whi
of pH and potentials of other electrodes aregmeasu::z'ch the measurements

(iii) It gives accurate results,
(iv) Its internal resistance is low.
(v) It does not show any acid error.

(vi) Itis suitable for measuring the pH over the entire pH range.
Disadvantages :

(i) PreSt.:nc.e of strong oxidising agents or reducing agents affects the
functioning of the electrodes.

(i) The platinum foil has to be platinized regularly.

(i) Poisoping of the platinum surface due to compounds like sulphides, cyanides,
arsenic, alkaloids, etc. affects the potential of the electrode.

(iv) Pressure of hydrogen gas and its purity affects the electrode potential.

(v) Solutions containing metallic ions which are below hydrogen in the
electromotive series interact with hydrogen and cause deposition of the
metal on the electrode surface. Hence, hydrogen electrode cannot be

used in such solutions.

Secondary Reference Electrodes : :

(i) Saturated Calomel Eelectrode : It consists of an outer tube containing
saturated solution of KCI and an internal tube containing a paste of
mercury-mercurous chloride (calomel). Saturated KCl serves as a conductive

bridge between the calomel and the sample solution into which the

electrode is immersed. The contents of the inner tube are in contact with
the outer tube through a small arifice. To maintain stable electrical

connection between the contents of the electrode and the sqmple solution,
a small and constant flow of electrolyte solution (KCl) is mamtainec.l thr(?ug
a liquid junction at the tip of the outer tube o.f the electrode. The junction

lets or sintered carborundum. The

is made of asbestos O glass pel

electrical connections are completed by connecting it with platinum wire.
The electrode reaction is give as .
S H g+ £ Cl-— :

1 -
3 Hg,Cl,+ ¢ ——
The electrode is represented as-:

0.INKCI

¥

Hg|Hg,Cly, -
| PULSE PUBLICATIONS
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2. It can be used over wide pH range. -

2. It cannot be used in solutions which shows CI” int

% Cap

» Outer tube (containing saturated ()

» Platinum wife

» Innter tube (containing calofﬁel) ,

> Small orifice

» Fritted disc

: : . ri )
Calomel electrode with saturated lithium chloride (LiCl) as S:jdtb ds!
instead of potassium chloride (KCI) is used for measurement of F°

in nonaqueous solutions.

»

Advantages : e
' solver |

1. Saturated Calomel Electrode (SCE)-can be used in various

3. It is strong,

Disadvantages :

»

I Its temperature coefficient is low. Hence, cannot 2
temperatures. 2



| sis g

(i) Mercufy-Mer A [Unit - VI] 6.13
SCE. It conta'curous Sulphate Electrode : Its construction is sims
! NS mercury in g o ti " ruction is similar to
0.05M H2304 ution cont

saturated with m
; - ercurou
which shows Interference due to CJ- o

The electrode reaction IS given as ;

Hg2804+2e‘

/ phate. It is used in solutions
» Ag" or Pb*? jons.

= 2Hg+ SO¥

The electrode is represented as :
Hg | Hg,S0,  , so

(iii) Si.lver-S.ilvef' Chloride -Electrode : It consists of.a platiunm or copper
wire which is electrolytically coated with silver chloride by dipping into

a splution cpntflining chloride ion such as KCI, NaCl of definite strengths.
It is used with in a range of ~10°C to +110°C.

Electrode reaction is given as :
Ag"+Cl == AgCl +¢
Electrode is represented as :
Ag| AgCl(Sat), NaCl(aq)
(Or)
Ag|AgCl .,y KCly,, :
(iv) Mercury-Mercuric Oxide Electrode : It consists of mercury in contact

with a solution of sodium hydroxide and potassium hydroxide saturated
with mercuric oxide. This electrode is reversible to OH™ ions, hence, useful -

in alkaline solutions.
_Electrode reaction is given as :
HgO + H,0 +2¢- —— Hg + 20H"
Electrode is. represented as
Hg | HgO, OH™

.lndicator Electrodes : . - = ;
. de which is used to measure the unknown
Indic is defined as an electro :
potenit'of electlflod? 1 -ven solution. It gives the measure of thg potential orfpllj of a
S (1)a 'Ort P ;. :: :gt is dipped in comparison t0 a refc?rencefelect}rlod? 0 so;ut)i‘:,{:
n into whic r of a solu

Stable Poten(:ial Indicator electrodes reSPOntd -;oszrt;zges ik

. | 5 i :
occuring due to redox reactions taking place & :

Types of Indicator Electrodes : ectrode is also called Standard Hydrogen

el £ :
(a) Hydrogen Electrode : H)’dr?g;‘; drogen Electrode (NHE). It is t!ne primary
Electrode (SHE) or Norm2 d potential. It acts as both indicator as

standard electrode for measuring P
e
well as reference electrod PULSE PUBLICATIONS




. . . n
~at a pressure of 1 atmosphere when the electrode is immersed into a sta

—__ (<— Hydrogen gas

—— Glass tubing

» Platinum wire

/ i \] > Platinized

platinum foil

It consists of a platinum foil which is coated with a layer of finely div}d;d :
platinum called platinum black. This coating increases the surfac.e area 0 ;h:
electrode and also helps in rapid establishment of the electrode reaction across it

electrode solution interface.

The platinum foil is soldered to a platinum wire and is enc.losed in a gla§S ::tl’l‘s‘;i 1
which has an inlet through which pure hydrogen gas (99.8%) is bubbled contin

acid solution it serves as a reference electrode and when dipped intf) an l}“‘:‘e:vw"
solution containing H" ions whose potential or pH is to be determined, it

as an indicator electrode. The electrode and solution should be complet.el); SR
with the hydrogen gas. Platinum does not take part in the electrochflfll‘?a =

It serves as a site for electron transfer. It absorbs some of the H™ ions
solution onto its surface thereby, maintaining an equilibrium between the 2%
hydrogen and the H ions in the solution, :

The electrode reaction is given as :
H, —» 2H" + 2¢
The potential of the electrode is given as :

0 ZJS;RT togl*]

= E°-0.0591 log [#"]

= K




i

~  gince E° of hydrogen electrode at standarg

is0V, therefore, conditions of te

E = -0.0591 log [i']
" = 0.0591 pH

" E

') —

! 0.0591

By combining the hydrogen electrode (indicator electrode) with a reference

electrode like SCE, the pH value of the sample solution can be determined. The
cell is represented as : . .

Pt,H, |H Zunknown) IKCI, Hg, C|2 |Hg

(1atm)

The emf of the electrochemical cell is given as :

oy E it~ Einaicator
In this case, £, , is hydrogen electrode
F . = D0po0 pH
E, = 02422 (E° of SCE at 25° C)
Therefore, ] |
E = 0.2422+0.0591 pH

cell
0.0591 pH = E_,— 02422

By 02422
pPH = 700591

Uses of Hydrogen Electrode :
(i) It is used as primary standard electrode for pH measurement.

(ii) It is used to check accuracy of other pH electrodes.

(iii) It is used to determine the sodium error of the glass electrode.
(iv) It is uséd to determine the stability and accuracy of the reference buffer

solutions.

Ad ges | | | ¥ ' '
vantages indicator electrode. When dipped into

; ce and A il
(i) It cz:in t()ie u§:d oz:i t?o;efietr:::ts as reference electrode and when dipped into
standard acid S Bt s trode. -
IR, ndicator elec :
sample solution, 1t acts as 10°% s : _
(i) It is the fundamental referencs clegiods against which the messurements of
is the funda gy are measured. :
pH and potentials of other ~°le°,tmdes' e i R e
: - PULSE PUBLICATIONS




(b

- This redox reaction is used for the determination of pH. The poten

(iif) Tt gives accurate results.

(iv) Its internal resistance is low.

(v) It does not show any acid error. |
(vi) Itis suitable for measuring the pH over the entire pH range,

Disadvantages : ,

(i) Presence of strong oxidising agents or reducing agents affects the funcig,;
of the electrode.

(i) The platinum foil has to be platinized regularly.

(i) Poisoning of the platinum surface due to compounds like sulphides, Cyanideg
arsenic, alkaloids etc. affects the potential of the electrode.

(iv) Pressure of hydrogen gas and its purity affects the electrode potential.

(v) Solutions containing metallic ions which are below hydrogen in th
electromotive series interact with hydrogen and cause deposition of the met
on the electrode surface. I—Ience hydrogen electrode cannot be used in such
solutions.

Quinhydrone Electrode : This is another type of indicator electrode introduced
by E.Billman in the year 1921 for measuring pH of solutions. It consists of 2

‘platinum wire dipped into a solution which is saturated with quinhydrone.

Quinhydrone is a chemical compound which 'undergoes reversible decompositon
in a solution to give equimolar (1 : 1) quantities of quinone and hydroquinone.
C,H, O2 HCAHMOH), —— C H Q0 +  CORt (G
(Quinhydrone) (Quinone) (Hydroqumone)

Quinone and hydroquinone gives a reversible redox reaction.
Cotl, O-2 o= CsH, (OH), . + 2H" + e

(Quinone) (Hydroquinone) .

tial of 1S

electrode is given by :

Eind. = o 2303RT log QH+]
: 2F [QI[H* >
2303RT
= E%- = logl(QH,)~ (Q)(H*)?] a .-
2.3( 303RT j ;
= £ - 228K jog u- 22BRT o+ 2

3 2 303RT [QH,]) 2.303RT 2
= EO 2 +
. e ( ) = log[H"]




o3 r'v<
.

The E° of quinhydrone electrode is 0 : '""‘

- l"'

SCB is used as referenceg ect

Hence, emf of the electroc




‘) USed in wide variety of solutions containing organic substar
fatty acids, aromatic acids and solutions of metals where hy,
is not suitable. ' e el i

(vi) Itis used for nonaqueous solvents.

(v) Used in wide varlety of solutions containing organic substances like .
fatty acids, aromatic acids and solutlons of metals where hydrogen elect
is not suitable.

(vi) It is used for nonaqueous solvents.
(vii) It remains unaffected by the presence of dissolved oxygen.
Disadvantages : ;

(i) It cannot be used above pH 8, because, hydroquinone gets ox1d1sed in
alkaline medium.

(i) It causes contamination of the test solution by altering the equ1llbrlum
between quinone and hydroquinone.

(i) Its use is restricted in the presence of oxidising and reducing agents.
(iv) It gives salt error. '
(v) It is unstable above 30° C.

(¢) Antimony-Antimony Oxide Electrode : It consnsts of 2 - 3 c¢m long antimony
rod enclosed in an ebonite tube or glass sleeve and connected to a copper wire.
When exposed to air, the antimony rod deposits a thin layer of antimony oxide
(Sb,0,) which does not dissolve in acid. The electrode is dipped mto the sample
solution containing H" ions. It is stored in water, when not in use. '

3 A
Sb,0, + 3H,0 == 25b" + 6 OH

The solubility product (Ksp) of antimony oxide is given as :

Ky = [SEPP[OHT®
K.

sp

-t—o—}—]_—]6 ‘ [Sb+3]2

X
on T " 157
[Ks[.,]uz :
’ e
ez :;[\KSP}IZ 3




Jonic pmduct of water is :
: o= [OH] (]

O = ]

Electrode reaction for antimony is written g -
Sb™ + 3¢ — Sb

uu-m -

Electrode potential is given ag

3F

Bow =gl 2_3251]0 [Sb]
[Sb+3]

i ...'..[4]-

= E0_0059110( 1 ey
| Eewe [Sb+3J C-[Sb]=1)

_ po_ 00591

(log1-log[Sb**])

S 03591l ogl+ 2059

log[Sb+3 ] s logl 0)

po, 0:0591, jogls) B e

Substituting the value of [Sb**] from equation (2), we get,

0.0591; K17
\[OH T

= 0
Esb+3 o E + 3

Ziw ST
# E0+o.03591 %Iog[Ksp]-Blog[OH ])., o 2
¢ _ A

Il

0.0591( 1 3 [ D
R T

B K 3
- _____fromequatlon( )J

3 J




(d)

(v) pH of viscous solutions can be measured using this electrode.

 the electrical contact. The tube is dipped into a bea

- the unknown solution.

= B+ 290 00K, ]-0.0591 log| N |
[H*]

0.0591
= E° +-___6_]og[l_(sp]—0.0591 (logK,, ~log[H*7)

0.0591

= g% log[K,]-0.0591 logK, +0.0591 log[H*]

0.
Sl +$]og[[(sp]—0.0591 logK,, +0.0591 pH

Advantages : *
(1) Itisreversible

(i) Its resistance is low

(ili) pH of solutions in the range of 4 - 12 can be determined.

(iv) It does not cause contamination of the test solution.

Disadvantages :
(i) It is sensitive to changes in temperature of the test solution.
(ii) It gives salt errors.

(iii) It’s use is restricted in the presence of acidic or basic solutions, complexmg
agents, oxidising agents, dissolved oxygen, heavy metals, hydrogen sulphide.

. : ; > : low
(iv) It cannot be used in the presence of metals like Cu, Ag, Au which are be®* -
antimony in electromotive series. :

ectrode 2

Glass Electrode : Glass electrode is one of the first discovered pH el |ectrodeis

still the most significant of all the other indicator electrodes. This € il
sensitive to H* ions but is irresponsive towards OH" ions. Its pgtf:hichis 1
proportional to pH of the solution. It is composed of a glass meml?rane_m fising
made up of special type of glass (corning glass) of low melting point C0F
of 72% Si0,, 22% Na,0, and 6% CaO. :

The electrode consists of a thin glass bulb at one end 2
(stem) at the other end. The bulb is filled with 0.1 N HCI or P

s 2 - - e - . o in order '
containing CI™ ions. A platinum wire is inserted into the solution 11 ©
' | ker containing ™

of the tube and 8 10

whose pH is to be determined. At neutral pH, electrode has £05 L.
usually used in conjugation with a reference electrode for ¢ e







V]
where,
E - Potential of glass electrode
K - Constant for electrode characterstics

pH, — pH of the solution filled in the bulb

pH, — pH of the sample solution.

» Platinum wire

> Hg,Cl, - Hg

—» 0.1N HCl or phosphate buffer (pH)

— Sample solution (pH,) i’

» Glass membrane

» Hydronium ions
fromthe sample
solution

Since, pH, is known, therefore,

E = K—-O‘.059lpH2 _ = |
Electrode Characteristics (K) : Every glass electrode has its OWD char?

potential which depends upon various factors like :

l. Size of the glas's membrane.
2. Area of the glass membrane.
3. Thickness of the glass bulb.

Composition of the glass.




l.
8
3.

 factors Affecting Measurement of pH with Gjass Electrode ;

'n?e pH function pf the glass electrode m ; Unit- V1 6.23
dried. Therefore, in order to make j workab| pa ired, if the glass membrane gets
time by hydrating it or by soaking in g dijyte ac:c'li:

Acid error

Alkaline error (sodium ion error)
Temperature

Resistance of glass membrane
Dehydration of glass membrane
Changes in pH of buffer solution
Variations in liquid junction potential

Errors in unbuffered neutral solutions.

Acid Error : Glass electrode gives too high pH values for concentrated solutions
of strong acids. Though the mechanism of acid error is not clearly understood,
but, it is believed to occur due to permeation of acidic ions or molecular form of

an acid into the glass surface through the membrane. Gl

Alkaline Error (Sodium ion Error) : Alkaline or Sodium ion error arises due
to sensitivity of glass electrode towards Na" ions at pH values more than 9.5.
Due to this error, the electrode gives pH values less than the true value. This error
can be avoided by employing electrodes made of special glass whose composition

is changed by substituting Na,O with Li,0.

Temperature : Fluctuations in temperature of the solution affects the potential of
the electrode as well as the net emf of the. cell. This can be regulated by using
suitable reference electrode and shaded solution. The aff?ct. of temperature can also
be avoided by designing electrodes which can be used within a specific temperature

range.

Resistance of Glass Membrane : The glass electrode shows a very high internal

resistance ranging from 10 - 500 mega ohms.

. Exposure of the electrode to dehydrating
Doy Diatioi S Mo ey pSriod causes dehydration which gives

: ids for long ‘ S .
:?rzms s allct;)h’?;ne?;fzg dtshe electrode should be hydrated by placing/immersing
neous resuits. 2

it in distilled water when not in use.

tion : Storage of buffers for long periods
ug:éf fgobl:ctle ria. Therefore, buffers should be calibrated

al contamination as well as any errors in their

Changes in the pH o'f.B
leads to their decomposition &t
regularly to check any bacter!

reparation. ' PULSE PUBLICAT
Preparation PULSE PUBLICATIONS




Vi
g v.rhtions in Liquid Junction Potential : L’iquid junction poy 3
7. the differences in the mobilities of different ions. It develops when
towards the electrode more rapidly than the other ion, Thollgh it ‘
completely eliminate this error but it can be overcome by using strong ¢
in solutions or in the salt bridge. 3

8. Errors in Unbuffered Neutral Solutions : In unbuffered neutra 36
poorly buffered solutions, electrode attains equilibrium very slowly, Tq:ﬂfo..
the solution should be thoroughly stirred and sufficient time shoyq be‘w&
for measuring the readings. Also, the electrode must be washed with :nhu
water several times before measuring pH of the poorly buffered solutigng. I5tiflog

Advantages °

(i) Glass electrode is highly versatile and mostly useful for measuring pH.
(i) It remains unaffected by the presence of oxidising or reducing agents,
(i) It can be used for the measurement of pH of a wide variety of solutiops like
viscous, coloured suspensions or colloidal solutions.

(iv) It gives fast and instantaneous results.

(v) Simple and easy to operate.

Disadvantages :

(i) It is extremely fragile. Minute scratches can make the electrode useless. Hence, |

should be handled with extreme care.

(ii) It gives unsatisfactory results at very low and very high pH due to acid emr
and alkaline error. '

(i) The glass membrane shows a high internal resistance ranging from 1.0-5_00
mega ohms which makes the measurements of pH electrode potential quie
difficult.

Tru X :

The instrument used for measuring the electrode potential of a solution 13 ca

potentiometer. There are three types of potentiometers :
1. Simple potentiometer (Or) Nonelectronic (Or) Null Point Potentiometer.
2.  Electronic Potentiometer. ‘

3. Automatic Potentiometer.
eter

o
é . . Ofww
(a) The principle of simple potentiometer is based on the me'dﬂur"fme'.1t

of a given cell and comparing of a standard cell. S —

1. Simple potentiometer (Or) Nonelectronic (Or) Null Point Potentiom

: : : 2 intain$

Simple potentiometer consists of a battery (B) Wh_'d} malfilon and K*
current in the circuit, a sliding wire LM of uniform dlme.n;eter G)
resistance ‘r* provided with a linear scalé (in cm) and 2 ga],vano '




[Unit . VIl 6.25

=1 i
Battery (B) s
A — |
M
Y@
Cell Galvanometer
(X) (G)

:’c\)’h;(r)l \:1 \i;lilcgf. ur.lkg.own potential is connected in the circuit, current starts
L is indicated by a _deﬂection in the galvanometer. The sliding

ct N is balanced over the sliding wire LM until the potential of the cell
exactl)./ balances the potential of the battery. This is indicated by null
de.ﬂgctlon (zero reading) in the galvanometer. At this point, the length of the
sliding wire (/) is measured. Similarly, the length of the sliding wire is
measured for a standard cell denoted as /. :

El = irll

Where,
£ _ Potential or emf of the standard cell.

Current flowing through the sliding wire.

Resistance of the sliding wire. .
e at which galvanometer showed

~
|

| — Length of the sliding wir

null deflection.
Similarly,
fate 2]
Where, |
E _ Potential or emfOf the sample cell.
i — Current flowing through the sliding wire.
» _ Resistance of the sliding wire. | _
| — Length of the sliding' \fvire‘ at ‘_Nhibh gal_vz}nometer showed
null deflection. : ,
Combining eqﬁations o= and (2), W€ get

PULSE PUBLICATIONS .,




1
E = Elx_

1

Advantages :

(i) Simple to Operate
~(ii) Economical

(iii) Easy to Construct

Disadvantanges :

(1) The instrument needs to be calibrated with a cell of known emf ¢
before the potential of sample is to be determined.

(i) It does not have temperature correction knob or slope correction.

(b) Another type of nonelectronic potentiometer used in potentlometnc ttratos
= 1S shown in the following figure :

Galvanometer ( ' Resistor , g :
(Rs) : : :

(G)
/V\
Ny
Voltmeter 3
AMWWW— 5
Rheostat (Rh)

e ————

Battery Switch
(B) (Or) £ E
Key (5) e &5 4

This instrument consists of a power source or battery (B),
(Rheostat Rh), voltmeter (¥), Galvanometer (G) shunted with

or Key (K,) and a reversible key (X,) which alds in conn ct
and mdlcator (E ) electmdes m either polartty



‘ 8Figure:

~ Electronic

Potentiometer __v_ D S

Electronic Potentiometer : The electroni :
vacuum tube or tri g onic potentiometer consist i
RE ot The vacl(;:l; \thII)ICh is f:apable of amplifying the cusrr(;fn:]:lcg::inr:;
B e Ube consists of cathode (C), Plate (P) and Grid (D)
When a small voltage .o cireult includes galvanometer (G) and Battery (B):
broflates eléctrors Tﬁe 1S ?Pplled across the Cathode (C), it gets heated and
S s - 1 71ese electrons are attracted towards the Plate (P). Since it is
(10 1he positive terminal of the Battery (B). Galvanometer detects th
current (in micro amperes) passing through the Plate (P). iy

A 1

- -
i

Galvanometer o
Pl 35
(D (G, 4 Cell

+ =

Potentiometer

(P)

The magnitude of current passing through the vacuum tube can be a.mpliﬁe‘d
or controlled by applying negative potential on the Gnd. (D). The Grid (p) is
connected to the negative terminal of the cell whose potential is to be determm-ed.
Any imbalance between the potentiometer aI}d c_ell produces a deﬂectlo?l.
in the galvanometer. Balance is restored by adjusting the potentiometer mtllt:
the galvanometer shows a null deflection. This extent of adjustment gives the

potential drop in the cell.

Automatic potentiometric titrators consists of a

i d valve. The valve in
delivery uni ich is controlled by an elecfrlcally operated valve. a
turn isyclcl)[r]xlttrc:‘lllhgg by a yacuum tube amphﬁer.f T}?;Sti:rzlt‘c/): ‘l;e’(;g::::ttaer(:i:g the
anticipation control located in the control unit © e 5 o, R
titration, the potentiometer is Set at a potential at W lle olation and the operation
2 Occu,r Thg electrodes are dipped Into e ent to flow from it until the
switch ié turned on. Burett€ valve a.ll(.)ws the af/:gof et Berdn
cell potential reache.s close to the ant.lClPﬁltﬁ?l Voint > indicated by a light P
is slowed down towards the end point- s

on the display panel. : PULSE PUBLICATIONS

Automatic Potentiometer :




oten LYr\Jn\(»“ EHM

Titration is a process of qualitative chemical analysis in which the con
constituents of a sample (analyte) is determined. This is done by adding 5 re:;'mm of |
of known concentration in measured volumes (from a calibrated bm‘ett:;n-(ﬁ"‘\)-
sample (analyte). The analyte reacts with the titrant in definite Proportions 1 Nto {he
desired result. The amount of analyte consumed is determined from the ¢, d ve
which the titration is stopped. poi

End point is defined as a point at which the number of moles
number of moles of analyte i.e., the point at which an exactly eq
is added to the sample analyte. The end point can be dete
indicators or by electrical methods.

of titrant is equal 1,
uivalent amoyp of i
cted by either Chemigg

Potentiometric titration is an analytical method for the measurement of potentig] o
an electrolyte solution at different intervals. These titrations are performed on solutions

which show marked changes in their potential or pH upon addition of a chemical
reagent (titrant). v :

Potentiometric titrations are carried out by immersing a pair of reference and
indicator electrodes in the sample solution (titrate) and adding small increments of2
reagent (titrant) at a time with continuous stirring. The potential difference between the
two electrodes is measured by a potentiometer and recorded. (Refer to the diagrm

below). A titration curve is plotted between potential on y-axis and volume of fitrant
added on x-axis. ‘

In the titration curve, the point at which an abrupt change occur in the potential ig mafkﬁd
as the end point of titration. The choice of indicator electrode in the potentlomelf_l:_
titrations depends on the type of chemical reaction taking place. In the case.of 3°l:d
base titrations, glass electrode is used and for redox titrations, platinum electrode IS fov”i -
to be more suitable. Reference electrode selected for titration purpose should P;“r’ence_
a constant potential throughout the titration. The most commonly employed ret€

electrode is Saturated Calomel Electrode (SCE).

- il
- ic titratl?

Apparatus for Potentiometric Titrations : The apparatus for potentiometr!
consists of the following parts :

1.  Titration vesse]

2. Automatic or manual burette

3. A pair of indicator and reference electrode
4. Magnetic stirrer

: Potentiom_eter or pH Meter.
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HlHl]Il'

b L3I

i

Indicatorelectrode (Cathode)

. :
g | i A
| £ —» Reference electrode (Anode)
| - ' — |
: oo TR T e s -~ » Titration vessel
B T T T T e > Titrate
R S RN S e R
R e m R s T ot - T S el
BN O s s = s s
B i L e L i R

Types of Potentiometric Titrations :

titrations) are based on neutralizat
H+OH ——pH,0
i e and
It involves reaction between the analyt
along with neutral water.

Avid "7 Base
(Titrant) ~ (Analyte)
e
Acid - Base v"’"
(Analyte) (Titrant)

e

. Acid-base or Neutralizaton titrations '
2. Redox titrations
3. Complexometric titrations
4. Precipitation titrations or Titrations of‘-SPaTi"g
5. Diazotisation titrations
6. Non-aqueous titrations
I Acid-Base or Neutralization Titrations :

ion reaction.

+HO
—— Salt+H, 7

Salt HzQ,,w

ly soluble salts.

4

1

Acid-base titrations (neutralization

an acidic or basic titrant to give a salt.

;r

re




& Figure : y 488
Potentiometric b
Acid-base 37
Titration Curve ‘

S Fs
: Z 2+
3
= L ik
o ; : i : iR
W A : P
%D 0.5 5 'End Point
6 3 O : ; ! B 2t
0 l I IRE! B o ool

Wter s formed by the interaction of H® ions of the a

A NaOH- == NaCl +HO

ijons of the base (i.e., NaOH).

In acid-base titration, standard solution of acid is used for the 10
of a base and standard solution of base is used for estimatiq
case of strong acid vs strong base titrations, the end point is reach,
pH of the solution is equal to 7. However, for weak acids and M )
need not occur at pH 7.

Acid-base titrations involve changes in the concentration of H* and
In this titration, standard hydrogen electrode is used as an indicator
and Saturated Calomel Electrode (SCE) is the reference electrode. The
be titrated is taken in the titration vessel. Indicator and reference ele
dipped into the titrate and the circuit is completed by connecting these
to a potentiometer which records the changes in e.m.f. of the titrate. As
the acid (titrate) is titrated with a bse (titrant), the acidic solutronshows
in the e.m.f. which are recorded by the potentiometer. Changes in the e.
acid is measured after each successive addition of the base. These values
are plotted against volume of base to give a titration curve as follows :

1 2 3 4 80 #06
Vo lume of base (ml)—-———»

End pomt is shown in the curve as the pomt of maXImum




(a) Removal of Oxygen

e Example , I

(b) Addition of Hydrogen a0
Example. C H +2H

and gets oxidized.

Fe*? = F

(a)

- Example :
(b) Removal of Hyd
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,, 3%& \aegimﬁng of the titration, when Ce** ion
Ce** ions are converted to Ce*3 ions (reduction),
converted to Fe** ions (oxidation). The number of Eg t
the reaction wnll remain equal to the number of Ce"? jons
. mole of Fe*? created, a mole of Ce+3 is created. Therefa
- ; titration, ; -
s ; [Fe+3] [Ce+3]
Before the equivalence point, the concentratlon of Fe 2 46
this point, the electrode potenttal of thehalf cell at Whlch 0
is glven as : e e

e o bl e
i ' Eae EFe"?'/Fe*} “—I—'Ingﬁ

‘;‘ o

At the equivalence point, the total number of moles of Fe lQIlSs qu
total number of moles of Ce ions. : :

e, [Fe'?] + (Fehm (o] 110200 e
Subtrac;tiﬁg equation — (1) from equation — (3), we get,

Fet?i=n [Cet]

Therefore, at equivalence point :

[Fe+2] [CC+4] : i 1o Lo oan - ,,

After the equlvalence point, all the Fe'? 1ons are con '
rno more of Ce*? ions can be created. However, the‘ n0¢
ions present will be equal to the ongmal amount

concentration of Ce™ fons will increase as more of t
. solutlon The potentnal aﬂ:er the equlvalence point is




studles, momtormg water pollutle
from metal plating mdustnes ch
paper manufacturmg. '

208

3, Complexometrlc Tltratlons

During complexometrlc tltratlons ad ;tl :
~ (analyte) produces a metal complrex whick
and undlssoc1ated Ethylened1 mme«

or complexing agent. It forms co
metal complex, the character;s cs O

metal 1on Hence, complexome ti
are con

Samples present even m
be determmed by tlt

End point i _
-conductometry,
.Xylenol orange, E




‘ Equilibrium constant for the above reaction is given as :

(b) The pre
(¢) Precipitate should not have any adsorbing effects i.e., it sh

(d) | Prebipitatc should be insoluble or sparingly soluble.

lide ions with silver ions resul
2 ich is seen as follows :

AgTH2ON == [Ag(CN),]

ple:

[Ag*][CN" T
[Ag(CN),T

K{Ag(CN),]” = [Ag'][CN"T?
Atequivalence point,

2[Ag"]

Il

[CNT?
Therefore,
K[Ag(CN),I” = [Ag'] (2[Ag]*)?
K[Ag(CN),I” = [Ag'] “4[Ag]™)
K[Ag(CN),] = 4[Ag"]

Il

TABCNLT = gy

Ag'] = 3\/—145[Ag(CN)2]'

After the equivalence point, [Ag(CN_)z]‘ gets precipitated. Furfher, addition of 1

~ Ag” ions does not bring about any change in the concentration of complex of -

Ag' ions.

: 1<+ Procipiiol
Precipitation Titrations or Titrations of Sparingly Soluble Salts : Precll”t.“gly 2
titrations invol_ves reaction between the titrant and the analytg to form SP“"“ e
soluble salts. ' : :

Precipitation titrations can be performed under the following conditi:.ons
(a) The précipitate should be formed rapidly. .
ecipitate formed should not interfere with the end F‘"mt

titrations.

-the solute. -



TR T T PN

mﬁometnc preetpitattnq il
“and also on the concentratio

type of titration should be re"véri"
be in equilibrium with one of thﬁ,i :
ntratlon of sﬂver nitrate wnth potas ;

\ ’Reference electrode can be any elec

saturated calomel electrode or standard

In the titration of AgNO, with KCl, K

As the t1trat10n proceeds, Ag ions get,

With each increment of KCI 'cohéen

-of the electrode mcreases Near the en

Examples of drugs containing Pﬂmﬂﬁfi._
titrated are dapsone, sulphacetarmde, roCa

The indicator electrode used *m"*,., '
in saturated calomel electrode

Non-Aqueous Tltratlons : Tit

‘aqueous medium are called as nOTE

of certain weak acids

: solutlons Substances, wh;c § :




wlmt selected for non-aqueou;; titrations should fulfill the fo
| Tt Should be readily available and not expensive. :

It should be pure and nontoxic.

@iii) It should be miscible with the titrant and the solute.

(iv) It should have high dielectric constant.

(v) It should not interfere with the end point of titration.

(vi) It should not produce any undesirable effects by interacting with the m']-mem =

the titrant.

Types of Non-aqueous Solvents :

(a) Aprotic Solvents : These solvents are chemically neutral (unreactive) in nature,
i.e., they neither accept nor donate protons. Their dielectric constants are low,

they do not produce ionization of the electrolyte and neither reacts with acigs

nor bases. These solvents are generally used for dilution of the reaction mixtures,

Examples : Carbontetrachloride, Benzene, Toluene.

(b) Protogenic Solvents : These solvents are acidic in nature i.e., they donate protons
to enhance the strength of the weak bases.

Examples:  Sulphuric acid, Hydrochloric acid.

(¢) Protophilic Solvents : These solvents are basic in nature, they enhance the acidity
of weak acids. '

Examples: ~ Ammonia, Pyridine, Ethylene diamine

(d) Amphiprotic Solvents : They act as both acids and bases, i.e, they accept &

well as donate protons.
Examples : . Glacial acetic acid, Dioxan.
Types of Nonaqueous Titrations :
(a) Weak acid vs Lithium methoxide
— Examples :  Barbituric acid vs lithium methoxide
(b) Weak base vs perchloric acid

Examples :  Quinine sulphate vs perchloric acid, Adrenalin

nce
des). Proto?
'

(a) Weak Acid Vs. Lithium Methoxide : Weakly acidic substa.
against basic titrants like alkali methoxides (Na, K, Li, Methoxi
solvents like pyridine, ethylene diamine, dimethyl formam:fie etc.,

dissolve the analyte as well as to enhance the acidity of weak acids.

Example,? . Titration of barbituric acid with lithium metho'{ddé; : '

1ONs

i

evs percthric,acid.’“ 2
es are titrafﬁd’-




electrode and saturated 'éaloin
" electrode respectively.

In non-aqueous titrations instead of
~ of potentiometer is used since potentl | |

and can give accurate results.

Detection of end point is ea

Titrations of weak aﬁds
metrically.

Titration of mixtmmfof :
titrations.




Preparation of KFR :

=
3

—> Burette containing KFR 0

-the air dry, and 1.5 V battery which provides constant current across the two electrodes

“allowed to stand for about 24 hours before use. Freshly prepared KFR has

- 0% in 1 month and 40% in 3 months. KFR used for microscale titrations

Lok

F‘_p —» Guard tube or veqt'(fc;,d'uﬁt)

——==— Platinum electrodes

——® Sample

—® Magnetic stirrer

The apparatus consists of a closed titration vessel of 60 ml capacity fitted with a pair
of platinum electrodes (each of 0.05 c¢cm? in area) placed 2 cm apart, a nitrogen inlet
tube, two automatic burettes, a magnetic stirrer, a guard tube or vent for suitable
desiccant like silica gel, phosphorous pentoxide or anhydrous granular calcium to keep

A full scale deflection galvanometer (10 - 100 HA) reads the amount of c"ﬂ,‘”’
generated. The galvanometer is shunted with a variable resistor R so that upon addition

of KFR, the needle of galvanometer shows deflection which immediately returns 0
its starting point.

In a glass stoppered.flask, about 400 ml of anhydrous methanol is mken. To “’ wes
of anhydrous pyridine is added and the flask is placed in a freezing MAM
of dried sulphur dioxide is passed through the mixture until its weight shows a0 1= -
by 20 gm. To it, 45 gm of iodine is added and dissolved by shaking. This

brown colour and strength of about 80%. However, on storage, the sire

f 3-6



step-3: In this step,

4.

cey
Al petween KFR and water involves the following s [Unit - vI] 6.39
eps : : '

g 1 Sulphur dioxide is oxidj iodi
Idised by iodine to sulphur trioxide

12 e SOz S H20 ‘_—._____\

2Hi+so3

Sl p - . l

303-+ (ISySH(fN ——— CSHSN SO3
ridine idi
) [Pyridine sulphur trioxide (Stable complex)]

; pyridine sulphur trioxid i -
yield a complex called pyridinium methylsil;r);:g e~ i

- :
sHNSO, + CHOH=—= C,H,NCH,080,H
* (Pyridinium Methyl Sulphate)

 pyridine Plays an important role in KFR, because :

Its alkaln'le natur.e'prevents the reverse reaction. which occurs due to the
concentration of acidic reagents like HI and H,SO
. 4

It is miscible with metﬁanol.
It prevents oxidation of HI to 1, by neutralising HI.h

It forms a stable complex with sulphur trioxide.

Standardisation of KFR :

KFR is standardized against sodium tartrate or water=

1,

tartrate dihydrate (C4H4Naz 6

methyl alcohol reagent.

Standardization against Sodium Tartrate : Place about 30 ml of methyl alcohol
ficient quantity of KFR dropwise to obtain an

in the titration vessel and add suf : ) i

end point. At the end point, a slight excess of KFR leads to increased flow of

current and a fall in the potential (due to reduction of I, to HI). This current
ich remains for 30 seconds or

. . h
produces a deflection 11 the galvanometer W ‘ .
longer. Upon reaching the endpoint, add quickly about 150 - 300 mg of sodium
Ser 0., 2H,0) and again titrate to the end point. The

lume of KFR consumed by the

itrations gives the vo ;
er present per ml of reagent 1s

differen een the two t
ce betw the amount of wat

titrate. The factor equivalent to
given by the formula :

0.156xW
0.120708

 PULSE PUBLICATIONS



Determination of Water Content in Sample :

 Standardization against Water-Methyl Alcohol : For standargiy,
water-methyl alcohol, 0.2% v/v solution is prepared by adding 2
1000ml of anhydrous methyl alcohol. Plac_:e ?5 ml f’f thls'soluﬁo"n
vessel and titrate with KFR until an end point is obtained. Similarly, 5
is performed using 25ml of methyl alcohol only. Th'e amount of water i
of water-methyl alcohol solution is determined by using the fomrula

VE
25
Where,

V' — Volume of KFR consumed.

F — Water equivalent factor determined against sodium tartarate.

Take about 25 ml of methyl alcohol in a titration flask and titrate with KFR unit| the
end point. Weight sufficient amount of sample such that it contains 10 - 50 p
water. Transfer it to the titration vessel and adjust the potential so that a current ,
equivalent to 10 LA passes between the platinum electrodes. Stir vigorously and again
titrate with KFR unitl an end point is obtained which is indicated by a steep fall
in the potential due to excess of iodine. The difference between the two titration

readings give the amount of KFR consumed. Water content of a sample is given by
- the formula NF.

Where,
N — Volume of KFR consumed

F — Water equivalent factor determined against sodium tartarate.
The optimal pH range to carry out titration is 4 — 7.

Advantages :
1. Karl Fischer method is a simple and rapid method of analysis.

This method is specific for determination of water or moisture content in sample:

This method requires small amount of sample.

by
Samples containing water in microquantities (0.1 — 10 mg) can be dete"ted_
this method. :

: : ; v .+ ation i8 19
5. Since, the reaction between KFR and water is stoichiometric, calibratiof &=
needed.

= ng 187
Limitation : Oxidising agents like peroxides, chromates, dichromates, Te‘_iucmg with

like sulphides, sulphites and other agents which form water with KFR i“.t_erf s
- the titration process. | :

A‘Pplication : Karl Fischer titration has been apf;lied to determine the watel
drugs like rifamycin, prednisolone and sodium methyl hydroxy benzoate.



The various methods for determmatlon of end point in potentiometric mm"’ |
3 Normal titration curve (emf or pH vs volume of ti 4
trant),

AE  ApH
t derivative op 2P51 : -l
Firs ho b ( AV T A% vsvo}umeoftitra‘m)

!\)

A°E Asz

Second derivative curve (sz vsvolm of ] ‘

w2

4. Gran’s method (Antilog E vs volume of ntrant)
Normal Tltratlon Curve (emf or pH j |
Vs. Vohnne of Titram

i

—
-

JFigure :
Normal :
Curve . 14

¥
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Vo lumé of titrant (ml) ===

In thi Jume of titrant |
is method, the volu are. “Gmwkmmmﬂw

emf or pH (Y-axis) which results in sigmoid ©
curve at which there is maximum inflexion (rise). in thcpoml

AE _———A"H Mﬂf mrn
2. First Derivative Curve (AV == 0F AV b A4 2
end point is located by plottmg a graph bMAE : o
ant *ﬁ] on Y-a vfis and the
ume of the titr A\E AV caned
The curve M is
t added (V V) on Xas Wﬁyﬁp“kinthe

unit change in the vol

average volume of titran w is’
first derivative curve- The end poit e ks w Nk’ gnd
differential curve. BY drawing @ F¥E70 0 g s

point is determined. e T




End Point
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1
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1
|
1
|
I
1
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1
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1
1
1
I
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1
1
1
1
U
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A
oy 6o 10 - 12 S

Volume of titant (ml) -——>"

_ | | A AlpH - S
3. Second Derivative Curve or——-vsvolumeof titrant| . 1 this meeg |

AV: AV

the second derivative of the potential or pH per unit change in the volumeof e

-

A’E  A’pH , S S
titrant | /2 i AV2 | oD Y-axis is plotted against the average volume of firat 1|

i

added on X-axis. The curve so obtained is called the second derivafivé c
The end point is shown as zero point where the slope of the curve is maximum.
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Quantitative Analytical Methods :

Addition Curve

%iutﬁe uncorrected papers are used in titrations which does
changes. Volume corrected papers (generall 10% volume cq
titrations which involves changes in volume during titrations. ;

Gran’s plot paper used in potentiometric titrations is antilog linear with ele
It has electrode potential plotted on the Y-axis and volume of titrant addeq (1o 2
the titrate for 10% corrected paper) plotted on the X-axis. ' (10 py o

Various quantitative analytical methods used in potentiometry are :
1. Direct measurement

2. Standard addition method

3. S_tandard Curve method

1. Direct Measurement : In this method, the pH of the sample is measured directly |
with a pH electrode and the concentration of the analyte in the sample solutio
is calculated from the Nernst equation. This method is not reliable and seldom used.

2. Standard Addition Method : In this method, the emf of the sample is recorded fint
- followed by addition of known volumes of standard to the sample and agin
recording the emf. A plot of standard concentration vs antilog of emf (E)is
plotted from which the concentration of the sample is determined. ‘
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The various applications of poténtiometry are :

.~ Determination of equilibrium constatns.

2. Determination of ionic product of water.

3. Determination of dissociation constant of acids. - L
g T study the solubility and solubility product of sparingly soluble elpcﬁolytes. \
5.

To know the activity coefficients.

To study th - ositian of complex compounds and instability constants of
e com

- ®omplex ions in complexometry:

To know about the valency of metal 10nS: he analysis of Ca, K, Cl in body fluids "

i ied in the a R , :

Inbiochemistry, potentiometry iS el ' | '
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like bloog, plasma, sweat and SR
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- oN, E S, Cl NO, in industrial wetee and Riin
Po.ll“tion monitoring - Estimatin 0f &% i !
drlnking water.
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stermination of f:JO}, NO, in méat preservétiveé;

.vv

@ éi;".m content in meat, fish, dairy products and fruit juices.

8 © Ca content in dairy products, beer, wines and brewing so]mm ‘

(d) K content in fruit juices, beer and wines. |

(e) Corrosive effects of NO,; in canned food.

13.  Paper Manufacturing : S and Cl in pulping and recovery cycle'_l'iquers. P

14._ | Explosives - F, Cl and NO; in chemical warfare agents and combustion : 0

15. Health - Measurement of pH of blood for diagnosis of acidosis or alkalosis. :

16. Pharmaceutical Industry - To determ“me'the pH of givéri chémical‘ agents and al
. thedetection of end point in potentiometric titration of certain drugs like am

nalidixic acid, propranolol, phenobarbitone etc.
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