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Conductometry is an electrochemical me
electrical conductance through an electrolyte
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It is defined as determination or measurement

aqueous electrolyte solution by means of a conductometer. The electrical conductivity
or conductance of an electrolyte solution depends:on ;' 2iBnibans s "

. Type of ions (cations, amions, singly charged, doubly chdféed). =

2. Concentration of the ions.

3. Temperature.

4. Mobility of the ions - Mobility of an ion is defined as its velocity (speed or rate of
movement) through the solution. It is influenced by factors such as mass, charge,
size and extent of solvation of electrolyte. e '

d on the conductance of electrical

The princi i i nducfométry is base _
principle involved in co imilar to that of metallic conductors.

~ current by aqueous electrolyte solutions in a manner s ‘ :
with the Ohm’s law which states that the

The electr; s i a'ccordancé :
lectrical conductance is in ductor (in this case electrolyte solution)

. . n ; : :
8 2t of curcont () parsil throughIad;:t(';'erence (V) applied across the electrodes,

'S directly proportional to the potentia

: . - ductor. .
ad inversely proportional to the resistance offered by @e condt y
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uctance ‘1 It is defined as the ease with which the
w‘ﬂmw unit potential applied. It is the reciprocal of

G = %J'

. . . 2, 4
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The SI unit is Siemen (IS = 1 ') formerly expressed as mhos or ohm! ( Q)

(i) Specific Conductance (k) : Specific conductance of a homogenous :
be defined as the conductance of the body of uniform length (1) and umfonn: '
of cross section (A).

The conductance of a homogenous body of uniform cross section is proportips
- to the cross section (A) and inversely proportional to the length (D).
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b e Spemﬁc eonductance

’ Wmm iS a@lso deﬁned as recxprocal of specific resnstanc@ .

o i mﬂ Mﬂhr‘&?nm«anee( A )t It is defined as the conductance of a sol’i
f the solute (electrolyte) in 1000 cm? (1 litre) of the
weer tWO Mﬂel electrodes which are 1 cm aPa"t




(iv) Equivalent Conductance

(v)

k'~ Specific conductange (ohm!

C - Molar concentration (moles/c

It is also equal to the produ
s ct of i e
containing 1 mole of the sojyte “Pecific condictaned and volume of the solution

= k§77]
Units : :

ohm™'.cm?.mo|!

sem™y
m?)

-

(A ) Tt is defined goti il
: o ¢’ ( as the specific cond '
of a solution containing 1 gm equivalent of solute (electrolyte) in 1000 cl:;"‘t’a (nlcfitf-:))

of solution. It is represented by :

k
G
/A —_ _e-q_
= 1000
~ 1000k |
= e |
Where,
k — Specific conductance (ohm™ cm™).
C,, — Equivalent concentration (equiviem®) .

If a solution contains 1 gm equivalent of solute in V cm’® of solution, then equivalent

conductance is given as :

/\eq = kXV

: o S the product of s ific conductance (k)
Hen lent conduct=... - 18 equal f°_ ;
and 32]:;?12%?1 cm®) of the -~ ion containing 1 gm equivalent of the solute.

o1 e
Units :  ohm'.cm”.equiv o
Resistance (R) : It is defined as a measure of the conductors ?pposmon to the ﬂgw
of electric charge.

©n[R=G |y 51 formerly expressed as ohm (Q). :
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' by a oonductor of unit length and having a unit area of cr

Resistance of a conductor (of uniform cross section) is
its length and inversely proportional to its area of cross section,
Thus,

R | :

.and, Rcc—l-

R o«
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P — Specific resistance or resistivity.
R — Resistance (ohm). R
A — Area of cross section of conductor (cm?). ‘
! — Length of the conductor (cm).
Units :
As : hmm—
- P 1 cm

p = ohm.cm

R R T VIR T

Hence, we can define specnﬁc resistance as “the resistance of a conductor of 1 cm
length and area of cross section of 1 cm? ™. ;

: : .
The instruments used for measurement of conductance are known as Conduc@met
The conductometers consists of the following types :

‘ Conductometers
y i
Current éource Conductivity cells

e
£

Alternating Current Wide mouthed Cell for reactions
(AC) source cell  producing precipitates
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(i) Usipg a high frequency AC source (1000

(if) By increasing the effective surfa

High voltage DC can be applied for measurement of conductance of non-
aqueous solvents with low dielectr_ic constants such as dioxane, benzene. Low

voltage DC is used when reversible electrodes are used instead of platinum
electrodes.

Examples of electrical power sources are :
(a) Mechanical high frequency AC generator by Washburn.
(b) Vreeland oscillator by Taylor and Acree.

(¢) Vacuum tube oscillators by Hall and Adams.

Conductivity Cells : The cell which is used to measure the conductivity of a

solution is called as conductivity cell. Conductivity cells are made up of pyrex o(;' |
quartz and are fitted with two platinum electrodes. These cells should be place

i intai mperature.
in a large vessel containing water in order to maintain constant tempe

Types of Conductivity Cells : The various types of conductivity cells .used are :

(@) Wide mouthed cell.

(b) Cell for reactions producing precipitation.

(¢) Dip type cell.

(@) Wide Mouthed Cell : This g:tlcled
It is a wide mouthed bottle 755 ;
for passing platinum electrodes. urette

= “conductance.
. for measurement of low con fa
ls\:i:d an ebonite cover which has provisions

— R
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» Burette

Ebonite cover

Platinum
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(b) Cell for Reactions producing Precipitates : It is also a wide mouthed vessel
fitted with an ebonite cover which has provisions for inserting platinum electrodes,
burette tip and a stirrer. The stirrer may be either mechanical or magnetic. This
type of cell is well suited for titration of those reagents which produce precipitafes

during the reaction.

St | . Ebon_itc.cover

Platinum
—
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-----------------------

> Magnctic
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___________________ — Electrolyte
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It is the most commonly used cell. It also contains a wide glass tube with

provisions for two platinum electrodes and burette tip.
Blectrodes ‘

The electrodes used in the conductivity cells are essentially two platinum sheets, each
of I cm? area fixed at a distance of 1 cm. The surface of the electrode is coated
with platinum black (platinized electrodes) to increase their effective sturface area and
0 prevent the polarization effects. Platinisation of electrodes also help in establishing a
sharp balance. ' g
Platinisation of electrodes is done by coating a solution of.3% chlor;.)latnz[l‘;:1 acid and
0.02 - 0.03 gm of lead acetate onto it in order to get a uniform coz:itmg. e ;n;(:;l:;
of Coating solution should be sufficient enc-)ugh so that, the elegtro. ejt are ’l{rls e
: .d through this solution for about 15 - 2 minutes.

R wherein the electrodes acquire a thin black velvety
finely divided platinum. After _thé 'coatiqg is
hly with distilled water .whnch .IS followed
damage due to scratching during storage,

o it. Current is p 1
to elCCtI‘Ol)’SiS of Chlorplatinic acid

]

Y conductivity water. To prevent drying o
© electrodes should be stored in Water.

® Usage of different electrodes depends ©

::he- Clectrolyte solution. If the elegt(r::);z';leysp
- “Clrodes used should be larger an the electrol

tltrations should be placed vertically i:ode ey
“UMulation of precipitate on the €le¢

n the conductivity and concentration of
olution is less concentrated, then the

laced. Electrodes used in precipitation
yte solution in order to prevent the
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It is specially prepared by purifying ordinary water at 18°C to o
" conductivity ions. It has a conductivity less than 1 % 1076 ohm™ sec!.

The conductivity of an electrolyte solution is sensitive to even minute traces of i k-
Therefore, it is mandatory that the water being used for the measurement of ey,
should be pure i.e., free from dissolved impurities, gases and conducting jons ‘“tance

Conductivity water is prepared by purifying ordinary water by a technj o
‘avolves distillation of water containing small amounts of NaOH and KMnO, in 5
glass distillation unit. The conductivity water is collected in a receiver ﬁmm am
lime tube. [Soda lime is a mixed hydroxide of sodium and calcium i.e., NaOH + C"(OH)],
2

Conductometer :

The instrument used for measuring the conductance of a solution is called conductance
bridge or conductometer. Conductance of a solution is measured by placing the solutioq
in a conductivity cell and then connecting it to the terminals of a conductometer
A classical circuit employed for conductance measurements is Wheatstone bridge,
All other conductometers works on the principle of Wheatstone bridge.

Various types of gonciuctance bridge are : :
1. Kohlrausch Conductance Bridge 2. Direct Reading Conductance Bridge

Phillips Conductance Bridge 4. Pye’s Conductance Bridge

3.

5. Mullard’s Conductance Bridge

1. Kohlrausch Conductance Bridge : This type of bridge consists of a meter bridge
XY with fixed resistors R’ and R” at both the ends. One arm of the bridge consists
of a resistance box ‘R’ and the other arm contains conductivity cell ¢C’. DetectorD
is a headphone while inductance coil ‘I’ is AC source which is operated by means
of a battery.

7. Direct Reading Conductance Bridge : In this type of conductance b}'ldﬂe’
headphone is replaced by magic eye which is an electronic device.

Induction
~coil |




> [Unit - vi} 6,55
W . ity Measurement
onduct’
etuP R,
~ Conductivity cell
—> Solution
L M N

r } - Meter bridge

The set up for measurement of conductance consists of a metre bridge LN attached
to a standard resistance R, and a conductivity cell containing the solution whose
conductivity has to be determined, is also called as unknown resistance R,.

The cell is connected to standard resistor R, at one side and to the-metre bridge LN at
the other side. The sliding contact with a galvanometer (G) can be moved on the wire
of the metre bridge by means of jockey (M) so that the resistance of the unknown
Solution is balanced with that of the standard resistam;e. When galv?nometer s!mows a
null deflection, the resistance of the unknown solution is determined by using the

following formula :

ML R
NE e n
ML

= TR

R2 NL |

Hence, conductivity of the unknown solution 1S :

B

: ‘ 1 NL | . |
s Blie— oo aaee g R] : |
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m (or observed) conductivity ("'—) is not a

'conductivity of the solution, because, the physical configu "
electrodes i.e., the length and area of electrodes varies from one to g
the conductivity of a solution in a cell of arbitrary design and dlmension
by calculating a factor called “cell constant (8)”.

Calmlation of Cell Constant :
Cell constant (0) gives a particular cell’s physical configuration which whep 3

1 A
by the observed conductance (ﬁ—] gives the actual (specific) conductance valye,
& g

Cell constant is defined as the ratio of distance between the two electrodes (D to the
~ area of the electrodes (A). :

0=— :
Therefore, - - |
Relatioinship between specific conductance and observed conductance :

We know that,

R oc.—
A
Riesk
A
Where,
R — Observed resistance
k —  Specific conductivity
I — Length of the electrodes
A = Area of the electrodes
Therefore,
1
R. o ke (o'- e______)
_ A
L R
(Olf) 0 = X

Observed Resistance(R)
~ Specific Conductivity (k)




(Or)

i 1
® = “Observed Resistance "(!;'
Specific Conductivity N

Specific Conductivity

i - by
Observed Conductivity
o ‘
¥ G
Therefore,

Il

Snecific Conductivi
ne n uct1v1ty»(k) Cell Constant () x Observed Conductivity (G).”

Then,

k = 0xG

Il co i : i -
gestandzsrtgn; Olls ?'eterm|n§d b.y substituting the value of known specific conductance of
ution which is prerecorded in literature. The most commonly used

standard solutions for calibration of cell constant are 0.1M KCl or 0.01M KCl solution
Kohlrausch determined the value of specific conductance of 0.1M KCl as 0.002768 S.cm™

and for 0.01 M KCl as 0.001412 S.cm™ at 25° C.
The conductivity of a solution in a cell is then obtained by using the following formula :

Cell Constant(8) = CUial:
Observed Conductance

Once, the cell constant has been determined, the specific conductance of any solution

can be calculated using the relation.
= (Cell Constant

1.0. Cells with ¢
hereas, cells having

(0) x Observed Conductance (G).

ell constants of 0.1‘ or less, have
cell constant of 1.0 or greater

Specific Conductance (£)

;rheoretical cells have cell constants
;Tge and closely placed electrodes W
ave small and widely spaced electrodes.

R - y
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Onductometric Titratlon=:

Ctiop .

oy
Titration is 5 process of qualitative cheu}ical a“?l".Sis in Whid; lt.he :oncent:a(tl? o4 °§ '
“nstituents of a sample (analyte) is de This 15 5 calibrated burette) into the
Salnknown concentration in measuret th“:‘;:goi: b rtions t0 give the
Ple (analyte). The analyt r:a;lcalfsy:w  is determined from the end point at

f :

Wh::;d result, The amount ©
the titration is stopped- : PULSE PUBLICATIONS




‘defined as a point at which the number of moles
number of moles of analyte i.e., the point at which an exactly eqy

~ titrant is added to thé sample analyte. The end point can be g
~ chemical indicators or by electrical methods. :

1 :_, ‘Theory ry and Principle of Conductometric Titrations :

One of the most important applications of conductometry is condy
In conductometric titrations, the end point is detected by measuring the chap “Hlong
electrical conductance of the solution which is being titrated. This anajys: in

is applicable to titrations which show an appreciable change in the comm.‘l;
end point. e 1

Conductometric titrations are based on the principle that the cond of
solution depends on the concentration and the conductivity (mobility) of the PR ; 4
also based on the substitutions of ion of one mobility by the ion of another mobility, ‘

Example :  Addition of Hydrochloric acid to ammonium hydroxide

H'Cl™ + NH;OH™ —» NH,Cl+H,0
The high conductivi'cyH+ ions (350) are replaced by low conductivity NH} ions (73).
At infinite dilutions, each individual ion present in the solution possess independent
conductivity and contributes towards the conductance of the solution. When an

electrolyte solution is added to another electrolyte solution, the net conductance of the
solution will depend on whether.

(i) Chemical reaction will occur between the electrolytes.

Example : Addition of sodium hydroxide to hydrogen chloride

£

Na’OH +H'Cl” —» NaCl+ H,O — Decrease in Conductance

- : ity
H" ions of high conductivity (350) are replaced by Na” ions of low CQ"d“C'
(50). Hence, the overall conductance decreases. 3

| ent
If a chemical reaction occurs between the electrolytes, then eithef TQI:.I:;’S;.
or substitution of ions takes place. Depending upon the ionic Cond._““ o Y
A the replacing and replaced ions, the overall conductance either 1n¢ L
~decreases.

- (i)  Chemical reaction does not oceur between the electrolytes. i C» T
4 - : o ; : : " : ; . : g g a E a
Example : Addition of sodium nitrate to sodium chloride (NaN03 toN”}
NaNO; + NaCl —*® Noreaction —® Increase in coﬂdwt?‘:e P

¥

>




A chemical reaction does not occur between the electrol MM i ‘

I FR
of the solution increases b .
nductance €s because all the free jons wi
f:wards the conductance of the solution, fons, will contribute

o nductome”ic titrations, the .titrant is added In small volumes from calibrated
'mic osyringe burettes (5 ml capacity) and the conductivities are measured dnﬂugme
L"O s of titration using a .dev1ce'ca|]ed conductometer. The values of conductivities
e then plotted (on'Y-aXlS) agamst. the volume of titrant added (on X-axis). The

aph obtained canlsts of fwo ;tre.llght lines (also referred as curves) intersecting
-ach other at a point called ‘end point’ or ‘equivalent point’. Sometimes, the titration
Ve shows a slight curvature near the end point. This arises due to hydrolysis,
gissociation of the product or due to solubilization of the precipitate. In such cases, the
end point is obtained by extrapolating the curved portions. More acute the angle of

ihe intersecting lines, more accurate the results will be.

Conductivity of a solution is greatly affected by changes in temeperature. For every
{0 C rise in temperature, the conductance increases by 2%. Therefore, to obtain
sccurate results it is necessary to carry out measurements at constant temperature
using a thermostat. Also, to obtain straight line graphs, it is essential that the total volume
of the solution be kept constant during the titration. In order to keep the volume
change small, the concentration of the titrant must be about 10 times ta.that. of the
fitrate. Whenever necessary, or at each increment of titrant added, a correction for
dilution affect is made by multiplying the observed conductivity by a factor called

dilution factor.

Ce = V; Y xC 5
Where,
C. — Corrected conductance
.Co — Observed conductance
V — Initial volume of the titraté 3

-

- v~ Volume of the titrant added.

(Y I ratuS : | | .
Th ‘ jtration éonsists of conductivity cell, automatic or
® apparatus for conductometric titratl raritaiib )

ic stirrer. :
ua] by bridge, magaetic ST e
The ithin the fitraHe” T80 25 |
. 4 x4 Y e s L

i AN A

E mamc?nductivity cell is placed W e ¥
B ained at [aboratory temperature- . PULSE PUBLICATIONS
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—> Conductivity cell

——> Electrodes

--------------------
----------------------
. e o
------------------
______________________

_________________________ ——> Electrolyte

_________________ K== —> Magpnetic stirrer

Procedure .

Titrant is added in appropriate volumes at a time from the microburette.

2.  Each time the titrant is added, the solution is mixed thoroughly by means ofa
magnetic stirrer and the conductivity readinds are recorded.

3. A plot of conductance (on Y-axis) against volume of titrant (on X-axis) is made.
The values of observed conductance can be multiplied by the dilution factor In
order to correct the volume change. If necessary. :

4. The end point is determined from the point of intersection of the linear porﬁm‘-“’f
the graph.

Types of Conductometric Titrations : _
1. Acid-Base or Neutralization Titrations : Acid-base titrations (m"um‘.lizatlon ‘
titrations) are based on neutralization reaction. . i
H"+ OH" —» H,0 : . ‘
It involves reaction between the analyte and an acid or basic titrant to
along with neutral water.
Aeld s+ Base == SEltTHQ
(Titrant)  (Analyte)
corAeidi o+ Base . == Salt+H.O
(Analyte) (Titrant)
Example . - :
H'CIT + Na'OH ——= NaCl+H,0
Acid Base : S

give a s




TN D'sphcemcnt Eg : Fe*? jons "'m" teratorn Nom- aquerus
titrations Y Tirstions of Fg KO
| TIV sparingly sokible saks g1,
| ’
Salt of strong Salt of strong Titration in which . 1 E
acid and weak acid and weak one of the reaction MII ﬂmh
base vs strong _ base vs strong products precipitates " o
base acd Eg - KClvs AgNO i
Eg NH,Clvs NaOH Eg : CH,COONa vs HCI ' »  Eg-MgSO, ws Ba(OH),
Strong acid Weak acid Weak acid Weak acd Weak base
Vs vS§ Vs vs vs
Weak base Strong base Weak base Lithium methoxide Perchlorc acd
Eg:HCI Eg :CH,COOH Eg:CH,COOH  Eg:Barbituric acud Eg : Quinine sulphate
Vs VS vs g vs : e
NH,OH NaOH NH,OH Lithium methoxide Perchloric acid,
vs
Perchloric acd

Water is formed by the interaction of H' ions of the acid (i.e, HCI) and OH" ions of

the base (i.e., NaOH). . S e SR

In acid-base fitration, standard solutign Of’aci:i:i for eic;rhnﬂal:ign oit'l :ﬁl::id In ct:‘;
: ase 1S : :

of a base and standard solutiof Ofions, the end point is reached when the pH of

of strong acid vs strong base titrat : . on g o
the Solutgion is equal to 7. However, for weak acids and bases, the end po *

Occur at pH 7.
Types of Acid-Base Titrations :
(a) Strong Acid Vs. Strong Base

Example: HCIVs. NaOH
(b) Strong acid vs weak base

Example ;.. , HCIYs:NHOH |
(¢) Weak Acid Vs. Strong Base o
Example : CHJCOOH vs. NaO

(d) Weak Acid Vs. Weak Bas®

» OFL e WO AN
Example CH;;COOH vs. NP PULSE PUBLICATIONS




| ‘(i) Strong Acid Vs. Strong Base :
Example : HClvs NaOH
The reaction between HCI and NaOH is representey a5 -

H*'Cl™ +Na'OH™ —» NaCl + H,0
(Salt)

4.5 Initial increase in
A conductance due to
highly conductive H* ions

< Rise in
conductance due
to excess of NaOH

Fall in con-
2 7 ductance due
to replacement
of H* ions by

1 | Na* ions

Conductar.lce (ohm ) ————=
A
|

! End point
W ey Txl/yl B |
| 2 3 4 5 8. 2 8 9
Volume of NaOH (ml)f-»

AB  : Fall in conductance due to replacement of high conductivity H
' by poor conductivity Na” ions.
BC : Steep rise in conductance due to excess concentration of OH™ 1005

. e i : g acid
‘The curve shows initial high conductivity at point A, because strong ©
onductivity

jons 0
d by

(HCI) dissociates completely to give H" ions which have high cond
When NaOH is added to HCI, the H* ions of HCI reacts with OH :
NaOH to produce water. The highly conducting H" ions are replace
poorly conducting Na* ions because for each amount of NaOH a¢¢Z2
equivalent amount of H" ions are removed. As a result, the m_lmber 5
decreases. This continues until the end point is reached i.e., the
contains only NaCl in water. After the end point, when all the
‘been consumed, further addition of NaOH causes increase 1l !
of OH" ions and hence the conductivity decreases.

: e. Th
The first part of the curve (AB) shows a steeply 'asceqdlngéfwr‘;inte- 0

curve obtained is of ‘V’ shape. The end pomt of titratior{ occurs
of the two linear segments. it oy ;.

jons

i

mixture

YA
H* ions
1 the - Lumbe”
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LICATIONS

Conductance (ohm 1) ———
o
]

-
h
1

§ <

304

o .
&

Initial decrease in
conductance due to i
poor dissociation
of CH,COOH

bt
n [\
] |

1

0 Slight i o i) ‘ ' ' "
ncr T E
“|dueto addlet?g?l lgfcl\olg()lll-l < End point
0 1 1 | FeTR I I gl
Fooiig i Souis e aian i o R
Volume of NaOH (ml) ——
AB  : Initial decrease in conductance followed by increase due to addition
of NaOH
BC % . :Steeprise in conductance due to excess of NaOH

Weak acids and ‘bases dissociate only toa small extent.

The undissociated molecules of acetic acid (CH, COOH) are transferred inf0
undissociated molecules of sodium acetate (CH3COONa) The titration cur®
shows an initial decrease in conductivity (point A) due to poor dlssocwm“ “
of CH,COOH into H" ions. After addition of a few drops, of NaOH, there i -
slight mcrease in conductance as neutralization reaction occurs betweegwm i
H" ions of CH,COOH and OH" ions of NaOH thereby forming S0¢"
acetate (CH, COONa) [Seen in Curve AB]. This continues until the e::s
is reached. After the end point, addition of excess of NaOH 1;3“0“
sharp increase in conductance (BC) due to increased concen
high conductivity OH™ ions.

Weak Acid Vs. Weak Nase :
Example : CH,COOH Vs.NH,OH
Reaction between Cl—13COOH and NH, OHis represen’fed as:

CH3COO H* +NH;OH —» CH3COONH4+H20



) ,

(b) Salt of weak acid an

[Unit - viy 6,65
4.5 \\\
44
e
£ 3 .
§ 2 5 2 %{.\0‘\0 ---------- BTLI x X X \,( N/ C
() Qo 1 L S
% il % : Addition of NH,0H
=S :
5 :
e Low conductance E
A\* due to poor ,’
0.5-{  dissociation ! -
of CH;COOH End point
0 T T T T ol
1 2. 3 4 5.6 S
Volume of NH,OH (ml) ——
AB : Increase in conductance due to conductivity of CH,COONa salt.
BC : Conductance becomes constant due to supression of the ionization
of NH,OH by CH,COONa. '

At point A, the conductivity is low because weak acid (CH,COOH) does
H is added, the NH", ions replace the

not dissociate effectively. When NH,O . '
H* ions of CH.COOH to form a conducting salt ammonium acetate (CH3COONH4).
The salt forr131ed has better conductivity than CH,COOH or NH@H; This

ductivity. The conductance increases

leads to a gradual increase in the con :
withsea(;h iﬁcrement of NH40H until all the acetate ions are used up and the

i the end point. After the end point, addition
i letes. This represents the end
Z?rlgcl;rng)ago(rjl Czrr:l‘:)t affect the ‘conductance because_, .the ionization lof NH,OH
is su 4ressedolf the acetate salt. Hence, the conductivity reaches a plateau.
> : ¢ Titrations : This type of titrations .invplve
cem::)1 of one ion by the other ion. Replacement titrations.
eme : ;

Titrations &
ng baSe.

Replacement or Displa
the replacement (or displac

i t
Types of Replacement or Displacemen

Vs. stro
(a) Salt of strong acid and weak base s. strt

- Example :

CH3COON3 Vs. HC1 .

Exan_zple : PULSE PUBLICATIONS



g Acid and Wk Base Vs
' w Nl-l Clvs NaOH
Reaction betweenNH,Cl and NaOH is represented asfouow}

NH"CI" +Na*'OH™ —% NH,OH + NaCl

;e

Ammonium chloride (NH,Cl) is the salt of strong acid (HCI) and 3'&
(NH,OH) - '

. NH,OH +HCI —# NH,OH + NaCl

o
th
|

S
|

o
()
|

W
|

Conductance (ohm™!)———>
O i
|

T ?:‘/lrl l-

gl I I 1
Liau 26 3i sedovosi 1568512 & @ S0 ~ & b
Volume of NH,OH (ml) R : :
e Sllght decrease in conductance dug to replacement of NH* 40115 h)f
.[ SO ! ' ; 3 Na ions. - : ’;: 1:4 ‘
Bt Yosienaintc BC i AStE8P Tise in conductance due to addmon of NaOH

In this titration, there is replacement or dlspla,,eemem of ;ugh co

NH; ions (73) by low conductivity Na* ions (50). _. f“

The initial part of the curve AB shows a slight decrease in conc
replacement of the NH", ions by the Na" ions umd:ﬁh&., d
- After end point, there is a sharp rise in the conductarl due *
_lngh conductmty OH™ ions of NaOH. :




Application : Replacem
determination of m
basic character. 't

ﬁ%'(\ <’f_-‘

CH3CO0'Na” +H'CI" —--.. H
! 'me* 5 b

Sodium acetate (CH COONH)'&W
strong base (NaOH) :

CH3COOH 0 NaOH —iv CH3
AB
BC

4.5

&
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Redox Titrations : Redox titrations are based on oxidation-reduction re, ..
between the titrant and the analyte. In these titrations, both oxidatign
reduction occur simultaneously. One substance becomes reduced in the Process 3
of oxidizing the other. : , : .

(1)

(ii)

(a)  Addition of Oxygen :

At point A, the conductivity is low because, sodium
a salt of weak acid and does not dissociate effectively. On
acid (HCI), there is a slight increase in the conductance (C‘
the replacement of low conductivity CH,COO™ ions (41) by p;,
CI" ions (76). Further addition of HCI causes a sharp increase s
(Curve BC) due to high conductivity H" ions. b

Reduction — is defined as the process in which the reacting substance
gains electrons and get reduced. : ‘

Example :  Cl, +2e” — 2CI

A reducing agent is a substance which reduces the other substance by
getting itself oxidized. In doing so, it loses electrons. '

Examples of reducing agents are : Oxalic acid, Ferrous ammonium sulphate,
Sodium thiosulphate

(Or)
Altemafe]y, reduction can be also defined as the process which involves :
(a) Removal of Oxygen :
Example:  CuO+2H —— Cu+ H,O
(b) Addition of Hydrogen :
Example : C,H,+2H —» CH,

Oxidation — is the process in which the reacting substance loses electrons and
gets oxidized. '

7 g o RS P e B P

TR : ' i ceby
An oxidising agent is a substance which oxidises the other substan= = |
getting itself reduced. During this, it gains electrons.

> : Jodins
Examples : Potassium permanganate, Ferric ammonium sulphate,
Bromine. ' g4 ‘

(Or)

Oxidation can be also be defined as the process which 10V

Examples : SO, +0 —» SO,

]
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© Fe'? is oxidized to Fe”
per? —» Fe'




4.

(b) Titrations in which both the reaction products precipitate.

| (a) Titration in which one of the Reaction Products Preclpltates Sk

mmn, Cr,Of" ions are reduced to Cr" ic

t of H' ions of the acid, addition of dichromate
any change in the conductance. Infact, the conducm_“
walue (BC) due to exhaustion of all the H" ions.

In redox titrations, precise results can be obtained provided tt
acididty of the fjtrate be low. At higher concentrations, the ¢

changes get marked while at low concentrations either hydre '
precipitation of the metal ions may occur.

Precipitation Titrations or Titrations of Sparingly Soluble Salts :
titrations involves reaction between the tltrant and the analyte to form Sparingly

- soluble salts.

Precipitation titrations can be performed under the following conditions :
(a) The prec1pltate should be formed rapidly.

(b) The precipitate formed should not interfere with the end point during the
titrations. :

(c) Precipitate should not have any adsorbing effects i@y 1 should not absord
the solute

“

(d) Precipitate should be insoluble or sparingly soluble.

(e) The prempltatmg agent (titrant) should be selected such that the ionic conductance
" of the reacting ions should be hlgher than the ionic conductance of the no-

reacting ions.
Types of Precipitation Titrations :
(a) Titration in which one of the reaction product precipitates

Example :KC1 Vs. AgNO,

g
|
1
|

Example : MgSO, Vs. Ba(OH),

- Rl

P

Example ey KCI\{s :AgNO3 ot bl ' ~-|,.,51g .
Reactlon between AgNO, and Kclf is represented as:

AgNO,  +KCl —» AgCl ¥ -rl-KNQ*@

Pl'eClpltatmg , Precnpltate
'.ﬂ&m or titrant -

\_s';(;-;a.‘“,;,“' 3 e ' i "{) T§ *



Conduét.ance (6hm‘“)4" A
%

o
[

AB

BC : Increase in conductanc due*)r ;
In the first part of the curve

Since, the ionic conductiyities o{fw both
towards the conductance is not muc

to precipitation of Ag" and CI” ions as ¢
point B where all the free CI ions are Utz

~ Atthis poiht, the solution co, ntains
 After the end point, addition of further#
ions, hence, an increase 1 conductance :




454
4 =
38 Additions of Ba(OH),
precipitates BaSO,
g and Mg(OH),
£ s
o Excess of .
g .l Ba(OH),
Eys.
3 1.
&
o =~
0.5 — V4
>{\ End point _
0 T I [ T T T T T
] 2 3 4 5 6 7 8 9

e wil &b Co

by the linear portion of the curve, whereas any deviations from

e MPplexometric Titrations : Complexometric titrations are b
ormation of a complex between the analyte and the titrant.

S e &
1 .
x

Volume of Ba(OH), (ml) ——

AB: Decrease in conductance due to precipitation of Mg(OH)Z,and BaSO,

BC: Increase in conductance due to excess of free Ba(OH),

The reaction between MgSO , and Ba(OH)2 is represented as follows :

In this type of titration, both the products of reaction i.e., Mg(OH), and BaS0,
are sparingly soluble precipitates. .

Addition of Ba(OH)2 to MgSO, givesA a downward sloping curve AB due to the |
replacement of SOZ° ion by (OH); ions and Mg*zlions by Ba* ions to form
BaSO4 and Mg(OH)2 simultaneously. This leads to decrease in conductancé
until all the SO?* ions are consumed. After the end point, addition of furthe

: . e 0
amounts of Ba(OH), leads to an increase in conductance (curve BC) d
excess of Ba(OH),. ’ :

53 . depicted

In a complexometric titration curve, absence of complex Spec‘esﬂ:: finear®
o 2 Wafds L

shows the formation of complex species which contribute F\(/)es‘ ol
conductance. The number of breaks obtained in a titration curve g% e |

number of complex species formed during the titration. L
ased 07




ned as the reactions in which
Y addition of 3 reagent known as -

EDTA is the agent of choice in complexometric titrations beéausé :

(@)
(b)
(c)
(d)

(e)

It forms soluble complexes with most of the m

etal ions.
The complexes are rapidly formed, |

The complexes formed are chemically stable and stoichiometric.

Samples present even in small concentrations (semi macro to micro) can also
be determined by titrations using EDTA. '

End point is determined easily by using instrumental methods (potentiometry,
conductometry, amperometry) or by chemical indicators like Alizarin,
Xylenol orange, Erichrome black T, Mordant black II.

Example :  KCl Vs. Hg(CIO,),

Reaction between Hg(ClO,), and KCl is represented as follows :

Hg(ClO4)» +4KCl —# HgCly™ +2K" +2KCIOq

Addition of

1.5

Conductance (ohm!) ——
ro
wih
|

|

e
wn
|

i -




T

\ conductance due to formation of low

form K, HgCl,.

CD : Increase in conductance due to K,HgCl, complex.

m " Conductance reamins constant due to reaction tw

The titration curve of Hg(CIO,), and KCI shows two end i P
Initially at point A, the conductivity of KCl is high due to the high ionic ¢ ,.

of CI" ions (76) and K" fons (74). When Hg(CIO,), is added to KCI, the cong
decreases as shown by the curve AB due to ‘the formation of chﬁ'- ions
have low ionic conductivity (53).

-
el
|

R

He(ClO4); +4KCl — HgCly™ +2K" +2KCIO; (Reactionatcure e

When Hg(ClO,), is further added, it does not influence the conductance (Iinur!
portion BC) until the HgC]i‘ ions reacts completely with the free K* ions tom_
a complex K,HgCl,. e By >

HgCl;” +2K* — K,HgCl, (Reaction atcurveBC)
(Complex)

At this point (Curve CD) the curve shows an increase in conductance due 0
the complex KzHgCI i : i ;.

Llimitations : Compared to acid-base reactions, complexation reactions art ;:.;
much useful because the conductivity of the complex formed is not that of th&
H"™ and OH ions formed during acid-base reactions. ]

Applications :
¢ complet

(a) Complexometric titrations are used to study the formulae of f’°mp»
compounds. : :

(b) It is used to study. the stability of complex compounds.

(¢) It has been employed in the assay of pharmaceutical Pf‘{duc

aluminium hydroxide gel, calcium gluconate, magnesium sulphate, 21
ete.. : - " i

Non-Aqueous Titrations : Titrations which are carried out ift the
- aqueous medium are called as non-aqueous titrations. These are £=="
. of certain weak acids and bases which gives poor end poir
,591“1{0!13. Substances, which are insoluble in water but solu
solvents can be titrated by S ,
S




Moxlde.l‘euullql

The solvent selected for non-aqy
mim ‘ . P/

() Ttshould be readily available WM ’

(i) It should be pure and nontoxic, e
(i) 1t should be miscible with the tlm n%
(iv) lt should have hlgh dielectric constant.

(v) It should not interfere with the end m‘ fi

tltrant Ve ;- il

of Non-aqueous Solvents : o e i
b

(a) Aprotic Solvents : These solvents are chemically
i.e., they neither accept nor donate M The
they do not produce ionization of the electrol

nor bases. These solvents are geng ly e d for dilu ol

Examples - Carbontetrachlorld'g,” e

Protogenic Solvents : These solvents
to enhance the strength of the weak b

Examples : Sulphuric acid,

Protophilic Solvents : Tmsd 2
of weak acids. = g

Examples Ammonia, Ry ;‘é’
‘Amphiprotic Solvents : Th‘ hopd
' 88 donate iprotons. 4" TR
‘. .YEJ‘camples . Glacial ace




(b)

Applications :

L.

(N9

ephedrine, chlorpromazine, levodopa, mebendazole, etc.

Advantages of Conductometric Titratioins : : : : |

L

(a; Weak Acid Vs. Lithium Methoxide : Weakly m

_determmatlon of cell constant is not necessary. &

3LICATIONS

~against basic titrants like alkali methoxides (Na, K, U.
solvents like pyridine, ethylene diamine, dlmethyl for
dissolve the analyte as well-as to enhance the acidity of weak %’.

Example : Titration of barbituric acid with lithium methoxide,

Weak Base Vs. Perchloric Acid : Weakly basic substa
acidic titrants like perchloric acid in the presence of g
glacial acetic acid and dioxan. Solution of perchloric a
is an official titrant indicated by Indian Pharmacopoeia,

nces are titrateg
mphiprotic so;,,;:ﬁf
cid in glacia| acme:

Examples :  Titration of quinine sulphate with perchloric a01d Adrenali
r = |
perchloric acid. eraline yig |

|

Non-aqueous titrations are used for the analysis of weak acids llke phenols zng |

weak bases hke amines and amino acids.
It is applied in phytochemistry for the analysis of alkaloids.

A number of drugs belonging to the class of barbiturates, thalztde diuretics and |
sulpha drugs have been determined by non-aqueous titrations.

Examples of drugs analysed by non-aqueous titrations are adrenaline, caffeine,

|
Conductometric titrations does not require indicators for end point detection sine¢ -
change in conductance of the solution is measured by conductometer. ’

This method of analysis is suitable for coloured solutions. If ordinary indicalo &
used then satisfactory results are not obtained.

: S ; : obtained
Since the end point is determined by graphical means, accurate results are
with minimum errors. ' |

Conductometric titrations can be used for the analysis of weak acids, .

weak b5 ’f
mixture of weak and strong acids as well as turbid suspensions. 1

cible
ve reprod® |
Titrations of weak acids against weak bases which fail to gl conductom® e

results with chemical indicators can be successfully performed by
methods.

il
ns is not € eftt?

In the titrations of dilute solutions, the end point of sc')lutlod‘)wmm trlc mett™

detected by potentiometric or indicator method- Hence con
is performed. >

se of
If the same electrodes are being used during the entire cour

fer is
In aqueous conductometric titrations, use of conductivity W
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Déternﬁination of specific conductan:
| | Ctance 5 |
pecause the conductance valye of the anal ’
he volume of the titrant added S shown by the condi::eto(rg::tm s

A few measurements before a .
nd after th
€ en

* conductivity depends on th
3 e c {
curves obtained are linear. oncentration and mobility of the :
| ions and the

ges of Conductometric Titrations :

Lack of specificity o ; e
i l§<e ampeymnieifnductometrlc methods compared t 7
Y: potentiometry, voltametry has i ‘3[ (;ther electrochemical
imited its applications

Increased levels of :

changes. In such casszlst Ctﬁf‘Centratmn in the solution masks th e
| , this method does not gi ¢ conductivity

results. give accurate and satisfactory

Application of conduct tric ti

: ometric titrations to redox syste ‘

hish concentrai e o redox systems is limite

5 raion of the hydronium ions in the solution tends e
in conductance of the solution. Ends o IASE T e

 Applications of Conductomet;

Con i
ductometric methods are employed to check water pollution in rivers and lakes.

It is.used to determine the alkalinity of fresh water.

Conductometry is employed to determine the salinity of sea water in oceanography.

Deuterium oxide (DZO) content in water - Deuterium mixture is determined by

conductivity measurements.
Conductometry is applied to study the conformational Chahges of synthetic

polyelectrolytes in aqueous solutions.

An important application of conductomet
for the quantitative and qualitative tracing of m
measuring the charges in the electrical conduc
deal with the determination enumeration

Sa]mone]la in food.

ry is in the field of food microbiology
icroorganisms. This is done by
tances of the culture media. It

and of enterobacteria particularly

acing antibiotics and testing additives for

COnduCtometry is also emp]oyed in tr

thej Sl -
heir antimicrobial effects: :
e estimation of ash

g used for th 4
d for

ctrodes are bein s
f moisture content of woo

Conductometers with special clef] . ation O
fontent in sugar juices and in the ostimattis
Pulping purposes in paper industry-

tudy of reactio date an&_gt‘the’_ -’

1 kinetics before,

C .
er?(?dUCtOmetry is applied 1R the S
_ of a chemical reaction-
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14,

15

g “.mltivé analysis of substances like acids,
~performed by conductometry upto a concentration of |

FEn S

. Solubility of sparingly soluble salts like A

“where,

bases
seen due to dependence of conductivity of a gq

lution on ¢
present in it. 80y

eCl, BaSO,, PbS can pe ..
conductometry. L be%ﬁled

The purity of distilled and deionized wa
determined by conductometry.
5 x 107° ohm™ cm™,

ter (used for practica] Pifpotacy i B
The value of purity of water ,;p?:un)dc?: ;

lonic equilibrium during chemical reactions can be determ
by measuring the changes in ionic conductance of a solution.

e 2

ined by cbnductomm' .

lonic product of water (product of the concentrations of H" énd OH- ions) can e
determined by conductometry.

HO—= {'+0oH 09 AgHL 4

+ =
Ionization constant of water K=_“[H 1[OH ]

[H,0]
Where,
K [E)OH ] ;
K. — lonic Product of Water ‘
Kegs P [0 at 2506

Conductometry is employed in the determination of basicity (Qeﬁngd 351:];:
numberof carboxylic acid groups present in an acid) of organic acids. :
calculated by Ostwald’s relation : ; ' '

AT
B — 10243
10.8

B — Basicity of the acid

. K4

oo of 1045

1024 and "3, — Equivalent conductance of the salt at 25°C and d;lutlp A
and 32 It/gm. ‘

. ; ua:
The degree of dissociation of weak electrolytes is detem_m‘ed by u‘smg} ‘




A esdetermmed experimentally, whﬂs he
ere they are prerecorded. s

Me of hydrolysis of a Weak ac'. e
‘the formula cid or base

o — Degree of dxssoc1atnon ‘
C — Concentration of the amd or base

18. Estimation of nitrogen in orgamc substances-xcan ,
- measurements. A Henta

Determination of atmOSphcric SO'Z'_’;:_i :

Conductometric Titrations

Conductometry is applied in the tltrat‘lonsf—e " redox
sparingly soluble salts, acids and bases, preclp‘i%a ing ag




