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| - INSTRUMENTAL METHODS OF
BIOCHEMICAL ANALYSIS

Quantitative determination of substances in body fluids and tissues is needed
for diagnosis of clinical condition , progress of therapy / pharmacotherapy .
Thisisalso facilitated by using instuments basing on the properties of the
substances like absorption of radiation , flame emission / flame absorption,
fluorescence, scattering of light etc . Often instrumental methods include
chemical steps .Flame photometry depends on absorption / emission of
radiation in flame . Fluorimetry depends on the phenomenon of fluorescence .
Nephelometry depends on scattering of light by suspended particles in fluids .
Potentometry depends on change of potential at the end point of a chemical
reaction .
Instrumental methods have certain advantages over other methods. They are -

1. Small quantity of sample being analysed is enough .

2. Determination can be highly sensitive .

3. Results are reliable .

4. Analysis is fast .

5. Complex samples can also be handled easily .

6. Time economy factor will help more samples to be analysed in less
time.
Instrumental methods have certain limitations also . They are -

1. Calibration of the instrument is needed in the begining or continu-
ously .

2. Investment cost is high.

3. Special training is needed for the lab personnel .

4. Instruments require sufficient space to instal .

5. Care and maintenance of instruments should be perfect .

6. Sensitivity and accuracy depend on the quality of instrument and
also on the principle on which instrument works .

1- FLAME PHOTOMETRY

Flame photometry or Flame emission spectroscopy is the quantitative
method of analysis based on determination of intensity of light emitted by a
metalic compound in flame. Determination of concentration of metalic compound
insolution of unknown concentration is based on comparision of its flame emission
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intensity with that of standard solution .
Principle and theory of Emission Flame photometry :

When a solution containing a metalic compound is aspirated into a flame, vapour
containing atoms of metal is formed on evaporation of solvent.Some of these
gaseous atoms of metal get excited and emit radiation characterstic of that metal
. Intensity of radiation emitted by an element in flame is porportional to the
concentration of that element. For ex: Sodium emits characteristic yellow light.

However, much larger number of atoms remain in ground state. These ground
state atoms absorb radiation of their specific wave length. Wave length of the
radiation absorbed is that , the ground state atoms would emit if they are excited..

Relationship between Flame emission intensity and concentration: Relation
between flame emission intensity and concentration is direct.

I.e. if the concentration is higher, FE.I. is higher,
lower the concentration, lower the F.E.I..
Relationship between detector response and concentration is given by-

E a C (Flame emission intensity is directly proportional to
concentration of metalic compound)

andE a a
Where E = Flame emission intensity
C = concentration
a= efficiency of atomic excitation
From this relation , following equation can be derived .
E=K aC
Where K = Constant .

Flame temparature:Temparature of flame lies between 1000°C and
3000°C.



S.No. Name of the fuel Temperature inair Temparature in oxygen

1) Methane 2000°C 2700°C
2)  Propane 1925°C 2800°C
3)  Acetylene 2000°C 3050°C

Construction of Flame Photometer :
Flame phtometers consist of the following parts:
1) Pressure regulators and flow meters for the fuel gases and the flame source.
2) Atomizer
3) Filter / Mono chromator
4) Photo cells

5) Electrical circuit for measuring the intensity of radiations
Flame Lens Slit gjjter Detector

J,Ol {
J V|

Mirror

\ A\

Atomiser-Burner

Air

Fig.1-1 Flow Diagram of FP.M
1) Pressure regulators and flow meters:

Regulation of pressure of fuel gas and oxygen/air is needed to achieve
steady emission reading. Pressure of fuel gas can be regulated by a double
diaphragm pressure regulator (101b/in?). Pressure of oxygen air can be regulated
by 20 Ib/in?gauge. Rotameter should be installed in the line between fuel gas
cylinder to the burner. Flame source consists of gas flow regulator, atomizer and
aburner.

2) Atomizer: Atomizer is a device which introduces sample solution into the
flame in the form of fine spray.

3) Filter / Monochromator:

Filter or monochromator can be used to isolate lines / bands emitted from
flame. Instruments containing filter for isolation of flame emission line / bands are
called as flame photometers, where as the instruments containing monochromator
for the purpose are called as flame spectrophtometers. Flame sepctrophotometers
use prism or grating as monochromator. Flame photometers use glass, gelatin
and interference filters.

4) Photo cell : Itis a device which detects flame emission intensity. Vaccum tubes
or photo multiplier tubes are used for the purpose.

5) Electrical circuit: It measures the intensity of radiations emitted in flame.
Types of Flame photometers based on number of light paths:

1) Single beam instruments: Instruments containing one light path are called as
single beam instruments.

2) Double beam instruments: Instruments containing two light paths are called as
double beam instruments.

Fig.1-2 Flame photometer

Operation of flame photometer :

1) Put on the main switch

2)Regulate the air pressure.

3)Introduce glass distilled water through atomiser.
4) Supply the fuel gas and regulate the flame.
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5)  Adjustthefilters.

6) Setthe instrumentto zero reading.

7) Introduce different standards and read the flame emission intensities.
8) Now introduce the sample and read the flame emission intensity.

9) Calculate by plotting calibration curve of flame emission intensity Vs.
concentration.

Applications of Flame Photometer:

Itis applied in analysis of alkali metals and alkaline earth metals in different
samples .1t has-

1) General applications 2) Clinical applications
1) General applications:

1) Water : Water contains sodium, calcium, magnessium and iron as
bicarbonates, chlorides, hydroxides, nitrates and sulphates etc. Flame
photometer can be used for the analysis of these constituents in water.

2) Glasses : Determination of sodium and potassium in the glass can be done
by grinding the glass, dissolving in perchloric acid, and hydrofluoric acid,
and diluting the residue with water.

3) Cements : Flame Photometer can be used to determine sodium and
potassium in raw materials used in cement manufacture.

4) Petroleum products: f.p.m. can also be used to determine tetraethyl lead
and manganese in petroleum products accurately.

5) Metallurgical products: Flame Photometer can be used for determination
of alkali and alkaline earth metals in number of metallurgical products.

6) Alloys: Copper, manganese and iron in aluminium alloys can be determined
by flame photometer.

7) Agronomical materials:

Using flame photometer, sodium and potassium can be determined in
agronomy. Calcium can also be determined.
5

2) Clinical applications :
1) It can be used in pharmaceutical analysis - for analysis of Na, K etc. a) in

drugs b) clinical studies.

2) FPM can be used to determine Na, K, Ca and lithium in samples as blood,
serum, urine etc.

Flame photometer is ideally suited for clinical applications for determinations
of concentrations in biological fluids.

Analysis of sodium in biological fluids can be carried out by diluting the
fluid properly and atomizing on cool air gas flame. Though, effect of intefering
substances like proteins, sugars etc. is minimum, incase of sodium, it has to be
avoided by appropriate treatment. Cool air gas flames are preferred in case of
potassium also because of minimum ionisation.

Incase of tissues and bones, preliminary ashing is needed. Ashing is two
types.
1) Dry ashing
2) Wet ashing

In dry ashing, specimen is reduced to ash in an electrical muffle furnace
and the grey ash is further treated and diluted with suitable solvent. In wet ashing,
specimen is treated with 12 MHCI, 15M HNO, and digested on hot plate.
Digestion is repeated twice or thrice.

Determination of calcium is difficult because of binding of calcium to proteins
is complex and barrier for its detemination. Hot oxyacetylene flame is used.

Determination of serum sodium and potassium :

Clinical significance:

Hyponatraemia : Itis a clinical condition in which serum sodium levels are below
normal.

Hyponatraemia occurs in-
1) Prolonged diarrhoea and vomitting
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2) Salt losing nephritis
3) Addison’s disease

Hypernatraemia : It is a clinical condition in which serum sodium levels are
increased above normal.

Hypernatraemia occurs in-

1) Severe dehydration

2) Diabetes insipidus

3) Cushing’s syndrome

4) Salt poisoning

5) Post renal conditions obstructing the flow of urine
Normal range: 133-148 meq/L

Hypokalaemia : It is a clinical condition in which serum potassium levels are
below the lower limit of normal range.

Hypo kalaemia is observed in-
1) Cushing’ssyndrome
2) Renal tubular damage
3) Metabolic alkalosis
4)  Malnutrition

Hyperkalaemia: It isa clinical condition in which serum potassium levels are
increased above the upper limit of the normal range.

Hyperkalaemia is observed in-
1) Addison’s disease
2) Renal glomerular disease
3) Anuria
4) Oliguria

Normal range: 3.8 - 5.6 m Eq/L.

Requirements:
1) Test tubes
2) Dispenser
3) Bulbs
4) 50 or 100 mL push button pippette
5) F.P.M.

Reagents:
1) Sodium stock standard solution (1000 meq/L)(Stock standard -1)

Composition:
Sodium Chloride analar-5.85¢
Glass distilled water upto - 100 ml.

Preparation: 5.85 g of sodium chloride is weighed accurately, dissolved in
about 75 ml. of glass distilled water and diluted to 200 ml. with glass distilled
water in a volumetric flask.

2) Potassium stock standard solution (100 m eq/L) (Stock standard-2)
Composition : Potassium chloride analar - 0.7 g

Glass distilled water upto - 100 ml.

Preparation :
0.74 g of potassium chloride analar is accurately weighed, dissolved in about

75ml. of glass distilled water and diluted to 100 ml. with glass distilled water
inavolumetric flask.

3) Sodium-Potassium mixed working standards :

Solutions 120 /2 mEg/L 140/4mEqg/L 160/6 mEg/L
Stock standard -1 12mi 14ml. 1 6ml.
Stock standard-2 2ml. 4ml. 6ml.

Glass distilled water upto100ml.  upto100ml.  upto 100 ml.



Specimen : Serum or Heparinised plasma

Procedure: 1) Take four test tubes and label themas T,S, S, and S,
2) Pipette reagents as follows.

T S, S, S,

a) Glass distilled water 10ml. 10ml. 10ml.  10ml.
b) Heparinised plasma/serum 0.1 ml.
¢) Standard-1 - 0.1ml.
d) Standard-2 - - 01lml. -

e) Standard-3 - - - 0.1ml.

3) Mixand transfer to bulbs for flame photometric determination.
4) Determine flame emission intensities.

5) Prepare a calibration curve.

6) Determine the conc. of unknown from calibration curve.

Determination of Urinary Sodium :

Requirements : Same as for serum sodium/potassium determination
Procedure: Samne as for serum sodium / potassium determination
Specimen: Urine

Calculation:

Qty. of sodium excreted in urine in 24 hours =
\Volume of 24 hours urine X conc. of sodium in 24 hrs. urine

Normal range: Average 120 meg/L.

Determination of Urinary Potassium :

Requirements : Same as for serum sodium/potassium determination
Procedure: Samne as for serum sodium / potassium determination
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Specimen: Diluted urine (1:10)
Calculation:
Multiply the reading with 10.

Potassium excreted in urine in 24 hrs
\olume of 24 hours urine X Conc. of urine potassium

Normal range: 40 meqy/L.
2- FLUORIMETRY

Quantitative mehtod of analysis based on measurement of intensity of
fluorescence is called as fluorimetry.

Fluorescence , principle and theory , construction of Fluorimeter ,
General and clinical applications :

Photoluminiscence : Phenomenon of absorption of radiation and re-emission of
some of radiation is called as photo luminiscence.

Fluorescence: When re-emission of radiation after absorbtion is instantaneous,
the phenomenon is called as fluorescence.

Phosphorescence: When re-emission of radiation takes place after some time
lag, the phenomenon is called as phosphorescence.

Principle and theory of Fluorescence : Relation between intensity of
fluorescence and concentration can be explained by Lambert-Beer’s Law.

le /lo = ekt

where le = Intensity of emitted light
lo = Intensity of incident light
e =exponential
k = constant
C = concentration

t = length of the light path through the solution.
10



If the magnitude of Kctissmall, equation reduces to
F=Kc
Hence, relation between concentration and intensity of fluorescence is direct.

Construction of fluorimeter : Instrumets used for fluorimetric analysis are
called as fluorimeters or fluorophotometers. In this method of analysis, intensity
of light emitted by the substance at right angles to the incident light is measured
to avoid interference from direct beam from the source.

Photocell C:]
Filter C:

O—f—0

Sample Filter UV-lamp

Fig.1-3 Flow Diagram of Flourimeter
Construction of fluorimeters:
1) Light source
2) Filters/monochromators
3) Cells
4) Detectors

1) Light source:
Mercury vapour lamp is the widely used light source in fluorimetry. Sodium
arc lamp is also employed. Tungsten lamp may also be used. Hydrogen arc
lamp or deuterium arc lamps are not employed.

2) Filters/Monochromators:
Interference and absorption filters are used. Grating chromators are used in
spectroflurometers.

3) Cells: Cylindrical and rectangular cells are used. They may be made of either
11

silicaor glass. Cells are to be designed to minimise the scattering of radiation.

4) Detectors: Photomultiplier tube is used as detector.

General and clinical applications : It has applications in chemical
analysis and pharmaceutical analysis and for diagnostic purposes :

1) Inorganic analysis - Cations
Anions
2) Clinical applications : Some of the applications are-
a) Determination of Thiamine (vit B,) in drugs and serum
b) Determination of Riboflavin (vitamin - B,) in drugs and serum

c) Determinatin of Tetracycline in drugs and serum
3) - NEPHELOMETRY

When light is passed through a suspension , part of it is dissipated by absorption,
reflection and refraction . Remaining portion is transmitted . Measurement of
intensity of light transmitted is related with concentration of dispersed phase .
Method of analysis for measurement of concentration based on measurement of

intensity of transmitted lightis called TURBIDIMETRIC ANALYSIS .The terem
scattered light is used instead of reflected light since reflection is irregular and
diffuse .This scattered light accounts for opalescence or cloudiness .Method
of analysis for measurement of concentration based on measurement of intensity
of scattered light ( light at right angles to incident light ) is called
NEPHELOMETRIC ANALYSIS.Nephele means cloud in
Greek.Nephelometric analysis is most sensitive for very dilute suspensions .
Technique of turbidimetry resembles filter photometry and that of nephelometry
resembles Fluorimetry .

Suspensions of reasonably uniform character should be produced . For this ,
following conditions should be controlled . They are - 1. Concentrations of ions
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combining to form precipitate .2 . Manner of mixing 3. Amounts of other
substances present 4 . Temparature

Nephelometers : Nephelometers are instruments used in Nephelometry
.Nephelometers are of two types . 1) Visual nephelometers ( Comparator
type)

2) Photo electric type nephelometers
Visual nephelometers : Visual nephelometers are superseded by photoelectric
type. Duboscq colorimeter can be used for nephelometric work . Cups of this
instrument must be replaced by clear glass tubes with opaque bottoms for
nephelometric work . This is because nephelometric work involves measurement
of intensity of scattered light . Light shall enter at right angles to the cups . This
light entering at right angle must be regulated so as to obtain equal illumination on
both sides . Standard suspension is placed in one cupand unknown is placed in
another cup. Dividing line between two fields will disappear when the two fields
match .

Photo electric type nephelometers :Nephelometers containing photocell for
detection of intensities of scattered light are called photoelectric nephelometers .
Fluorimeters can be adapted for use in nephelometry .

Construction of photoelectric nephelometer : EEL nephelometer is discussed
for understanding of construction of a nephelometer .Essential part of
nephelometer is nephelometer head .

Parts of nephelometer are -
1) Light source
2) Filter
3) Sample holder
4) Metal cap
5) Reflector
6) Photo cell
7) Galvanometer
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Fig.1-4 Diagram of photo electric nephelometer
1) Light source : Asix volts six watt lamp is fit within rhe base of this unit . 1t will

shine light vertically through orifice of annular photocell onto the hemispherical
base of a test tube .A stabilising transformer is incorporated to supply power to
nephelometer lamp .

2) Filter : Atricolour filter wheel is interposed between light and photocell . It

contains filters OB2, OR1 and OGR1. It is provided with a position for white
light measurement . While doing a determination, a filter of colour of the solution
being determined should be selected .

3)Sample holder : A test tube is used as sample holder . It is the means of
holding the standard or unknown solution while measuring the intensity of scattered
light . Standard size of amatched test tube is 1.5 cm (diameter) x 15¢cm (length).

4) Metal cap :A metal cap is provided to fit over solution test tube when instrument
is in use and it is meant for excluding extraneous light . When this cap is removed,
amicroswitch is operated to disconnect photocell from galvanometer and this
arrangement is meant for preventing damage to the suspension by large current
resulting from sudden entry of external light .

5) Reflector : Areflector is mounted above the photocell to collect light scattered
by multiple reflections from particles of the suspension in the solution test tube .
Itis then directed onto the photocell .

6) Photocell : Photocell is for detecting the intensity of light scattered .While eye
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is used for comparision of liintensities of light scattered by standard and unknown
in visual nephelometry by matching the two fields , Photocell is used for the
purpose of comparision of intensities in photoelectric nephelometry .

7)Galvanometer : Current generated in photocell due to incidence of light scattered
by the particles of suspension in solution test tube is fed to a sensitive galvanometer
by means of a flexible lead and plug . This is of taut - suspension mirror type . A
large plastic knob is present which protrudes through the top of galvanometer
casing . It provides a smooth zero setting .

Operation of a photoelectric nephelometer :

1) Adjust zero control knob of galvanometer to zero reading . Connect the
nephelometer head and galvanometer .

2) Remove cap cover and place standard in position . Replace the cap .
3) Select the required filter so that colour is same as that of the solution .

4) Adjust the sensitivity controll of galvanometer so as to get a reading of one
hundred divisions on the scale .

5)Remove standard and place blank (distilled water) . Adjust galvanometer reading
to zero using zero control knob of galvanometer .

6)Check the reading of standard .eck the full scale deflection and zero settings .
8)Note the readings of various dilutions of standard .

9)Draw the calibration curve with galvanometer readings against concentrations
of different dilutions of standard .

10)Place unknown in position and note the galvanometer reading .

11)Find the concentration of unknown from standard calibration curve .
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Applications of nephelometry : 1) Determination of Sulphate ion content
2)Determination of Phosphate ion content

1) Determination of Sulphate ion content : Nephelometric method of
determination of sulphate ion content involves conversion of sulphate ion into
Barium sulphate .1t is done by reacting solution of sulphate ion with Barium
chloride .Intensity of scattered light is compared with that of Potassium sulphate
standard solution by preparing calibration cutve .. Sodium chloride and
Hydrochloric acid are added before precipitation to prevent growth of
microcrystals of Barium sulphate . Glycerol - Ethanol solution stabilises turbidiy

2) Determination of Phosphate ion content : By this method , 1 part of
phosphorous per 300 million parts of water can be detected . It is done by
formation of strychnine phosphomolybdate , which is white in colour . Strychnine
phosphomolybdate is formed by reaction of phosphate ion with Molybdate-
Strychnine reagent . Scattered light intensity is compared with that of Standard
solution of Potassiumdihydrogenphosphate by preparing calibration curve .

4-BASIC PRINCIPLES AND APPLICATIONS OF
POTENTIOMETRY

Potentiometry is method of quantitative determination by measuring e.m.f.

When ametal M is immersed in a solution containing its own ions M"*,valueof
electrode potential established is given by Nrenst equation .

E=E°+ (RT/nF)Ina,,
E © isstandard electrode potential of metal and is constant.

E is electrode potential established and can be measured by combining the
electrode with a reference electrode (commonly a saturated calomel electrode)
and measuring e.m.f. of resultant cell .

a,,"" is metal ion activity and it can be calculated knowing E,_ (and thus deducing
the value of E) and E°.
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Direct potentiometry : Direct potentiometry is procedure of using single
measurement of electrode potential to determine the concentration of an ionic
species in the solution.

Indicator electrode : Electrode whose potential is dependent on the
concentration of ion to be determined is called indicator electrode .

Reference electrodes : A reference electrode is one , having constant potential

Electrode of the first kind : When ion to be determined is directly involved in
the electrode reaction ,electrode is said to be the electrode of the first kind .

Electrode of the second kind : When ion to be determined is not involved in
the electrode reaction , Electrode is said to be electrode of the second kind .

An example of itis silver - silver chloride electrode which is formed by coating a
silver wire with silver chloride .Silver wire can be regarded as silver electrode
and potential is given by the equation -

E =EAg °+ (RT/nF)In a

Silver ions involved are derived from silver chloride . By the solubility product
principle , activity of these ions are governed by the chloride ion activity .

aAg+ = Ks(AgCl)/a

Ag +

Electrode potential can be expressed as -
E=E° ag T (RT/nf) InK,- (RT/nF)Inag,

Itis clearly governed by the activity of chloride ions. In Nernst equation , the
term RT/nF involves known constants and introducing factor for converting
logarithms to logarithms to base 10 the term has a value 0of 0.0591 V at 250C
whennisequal to 1.

An element of uncertainity is introduced into e.m.f. measurement by liquid junction
potential . Liquid junction potential is established at the interface between two
solutions of which one is pertaining to reference electrode and other is pertaining
to indicator electrode . This liquid junction potential can be overcome by replacing
the reference electrode by electrode containing standard solution of same cation
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as that in the unknown solution together with a rod of the same metal as in the
indicator electrode .

Activity of metal ion in the test solution can be measured by the following formula

Ee = (RT/nF)In (activity ) known

(activity ) unknown

Null point potentiometry : Null point potentiometry is method of potentiometry
inwhich e.m.f. will be zero when the two solutions have the same concentration

Potentiometric titration : It is a method of titration pracedure in which
potentiometric measurements are carried out in order to detect end point .

Reference electrodes : A reference electrode is one , having constant potential
.Reference electrodes used are Hydrogen electrode , Calomel electrode , Silver-
Silver chloride electrode etc.Potentials of all electrodes are quoted with reference
to standard hydrogen electrode. A typical hydrogen electrode consists of a piece
of platinum foil , coated electrolytically with platinum black and immersed in a
solution of hydrochloric acid containing hydrogen ions at unit activity .

| ]

b

Fig.1-5 Hydrogen electrode

Some of the examples of hydrogen electrodes are Hilderband bell type electrode
, Lindsey hydrogen electrode etc . Calomel electrode is the most widely used
electrode due to its ease of preparation and constant nature of potential .A calomel
half cell is one in which mercury and calomel are covered with potassium chloride
of definite concentration . Silver-silver chloride electrode is of next importance

to calomel electrode . This electrode consists of a silver wire or a silver plated
18



platinum wire , which is coated electrolytically with a thin layer of silver chloride
dipping into a standard solution of potassium chloride .

Indicator electrodes : An indicator electrode is one , the potential of which is
a function ofconcentration of the ion to be determined . Hydrogen electrode,,
antimony electrode , glass electrode etc. are used as indictor electrodes .In
addition to its function as reference electrode , Hydrogen electrode also acts as
indicator electrode .1t can be used to measure pH of solutions and also in
potentiometric neutralisation titrations .Hydrogen electrode cannot be used in
solutions containing oxidising agents .1t is also unsatisfactory in presence of salts
of noble metals . Antimony electrode is antimony - antimony trioxide electrode
.This electrode is prepared by casting a stick of antimony in air . Awire is
attached to one end of antimony rod and other end is inserted in solution .
Potential is measured against a reference electrode . Glass electrode is the most
widely used hydrogen ion sensitive electrode . When a glass membrane is
immersed inasolution , a potential is developed . This potential developed is a
linear function of the hydrogen ion concentration of the solution .

lon sensitive electrodes : lon sensitive electrodes are alkali ion sensitive
electrodes, solid membranes, liquid membrane electrodes etc.Glass electrodes
used for measurement of pH , which are constructed with lime soda glass are
subjected to alkaline error . It is due to sodium ion in the composition of glass .
If sodium in the glass is replaced by lithium , alkalne error is eliminated .

Measurement of e.m.f. of a cell : Measurement of e.m.f. of a cell can be
done by -1.Poggendorff’s compensation method

2. Tinsley general utility potentiometer

Poggendorff’s compensation method is the most satisfactory method for
measurement of e.m.f. of acell . Principle of this method is to balance unknown
e.m.f. againsta known e.m.f.. Current will not flow through galvanometer placed
in the circuit when the two e.m.f.s are exactly equal .In Tinsley general utility
potentiometer , balancing is effected upon a main dial having 18 steps of 0.1 volt
and a calllibrated circular slide wire range of

-0.005 to +0.01.It can be read to 0.0001 volt by estimation .
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pH meters : Potentiometers with glass electrode were used for determining pH
of solutions . Hence they were called as pHmeters .pH meters were classified as

1. Direct reading pHmeters
2. Potentiometric type instruments

Indirect reading type , scale was callibrated in units of pH . In potentiometric
type instruments , potentiometric circuit was employed .

Fig.1-7  pH meter
Selective ion meters : Direct reading meters suitable for use with specific ion
electrodes are referred to as ion activity meters .Most of them can be used as
pH meters and by virtue of extended range of applications, circuitry required is
more complex .

Direct potentiometry : Direct potentiometry involves measurement of e.m.f.
between indicator electrode and reference electrode . Measurement of hydrogen
ion concentration or some other ion concentration in a solution is direct
potentiometry is an example of direct potentiometry . Normal procedure to
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measure pH of a given solution is to use a glass electrode along with a saturated
calomel reference electrode and to measure e.m. f. of the cell with a pH meter.

Potentiometric titrations : Titrations involving measurement of e.m.f. between
indicator electrode and reference electrode for detection of end point are called
Potentiometric titrations. In potentiometric titrations , absolute potenntials are
not required .Measurements are made while titration is in progress .End point is
determined by a sudden change in potential in the plot of e.m.f. readings against
volumes of titrating solution .One electrode must be maintined at a constant
potential .Other must act as indicator electrode .Solution must be stirred during
titration . To measure e.m.f. , system should be connected to a potentiometer .

to potentiometer
N, outlet —=—

Stirring bar
Magnet

Fig.1-8 Potentiometric Titration

Reactions in Potentiometric titrimetric analysis : Reactions in Potentiometric
titrimetric analysis can be broadly classified into

1. Neutralisation reactions (Acidimetry & alkalimetry ) -

2. Complexometric reactions

3. Precipitation reactions

4.0Oxidation - reduction reactions

Applications of potentiometry : Potentiometry is useful in determining the
concentrations of metal ions in solutions . Potentiometric titrations are useful in
detecting end point in titrations .Determination of fluoride can be done by
potentiometry .Potentiometric titrations can be useful to titrate mixture of acids
differing greatly in strengths like mixture of hydrochloric acid and acetic acid.
Potentiometric titrations can be used to detect end point in titrations involving
oxidation reduction reactions ex- Iron with potassium dichromate or permanga-
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nate etc. They can be used to detect end point in precipitation reactions.ex-
titration of silver ions with a halide . They can also be used in precipitation reactios
ex - titration of potassium cyanide with silver nitrate.

Summary

Method of analysis using flame photometer is called as flame phtometry.
Flame Photometer is an instrument useful for determination of electrolytes in
body fluids in clinical studies. This method of quantitative analysis is based on
comparision of flame emission intensity of the unknown with that of standard to
determine the concentration of unknown. Relation between conc. and FEI is
direct.

Parts of flame photometer are 1) Pressure regulators and flowmeters
for fuel gas and oxidant gas.

2) Atomizer 3) Filter / monochromator
4) Photocell 5) Electrical circuit

It has diverse applications for chemical, clinical pharmacy, pharmaceutical
analysis, diagnostic, agronomical and other purposes.

Fluorimetry : Absorption and Instantaneous re-emission of radiation by some
chemical substances is called fluorescence. Measurement of fluorescence
forms the basis of fluorimetry.

Fluorimeter consists of-
1) Light source 2) Filter / monochromator
3) Cell 4) Detectors

Fluorimetry finds applications in clinical pharmacy studies, diagnostics,
chemical analysis and pharmaceutical analysis.

Nephelometry : Itis a method of volumetric analysis of measurement of
concentrations by measuring intensity of scattered light and comparision with
that of standard solution .

Two methods of nephelometry are visual and photoelectric types . Parts
of nephelometerare- 1) Lightsource 2) Filter 3) Sample holder4) Metal cap
5) Reflector 6) Photocell 7)Galvanometer
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Nephelometer is operated by checking zero and full deflection , determining
scattered light intensity of unknown and evaluating from standard calibration
curve obtained using various dilutions of standard .Some of its applications are -

1) Determination of Sulphate ion contentand 2)Determination of Phosphate
ion content .

Potentiometry is method of quantitative determination by measuring e.m.f.A
reference electrode is one , having constant potential .An indicator electrode is
one, the potential of which is a function ofconcentration of the ion to be determined
. Measurement of e.m.f. of acell can be done by -1.Poggendorff’s compensation
method 2. Tinsley general utility potentiometer. Potentiometers with glass
electrode used for determining pH of solutions are called as pHmeters . Direct
reading meters suitable for use with specific ion electrodes are referred to as ion
activity meters .Direct potentiometry involves measurement of e.m.f. between
indicator electrode and reference electrode . Titrations involving measurement
of e.m.f. between indicator electrode and reference electrode for detection of
end point are called Potentiometric titrations.

Essay Questions :

1)  Write the principle, construction and operation of f.p.m.

2) How do you determine serum sodium by Flame Photometry?

3)  Write about determination of serum potassium by Flame Photometry.
4)  How do you determine urinary sodium by Flame Photometry?

5) Givethe principle and procedure of determination of urinary potassium by
flame photometry.

6) Whatare the diverse applications of Flame photometer?
7)  Givethe principle, construction and applications of Fluorimeter.
8) Write anote on nephelometry .
9)  Write briefly about potentiometry .
Short Answer Questions
1) Define Flame photometry.

2) What are different types of Flame photometry?
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3)
4)
5)
6)
7)

8)

9

10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)

Give the principle of Flame Emission Photometry.
What is the relation between conc. and F.E.1.?
Give the range of Flame temparature.

Exemplify some fuel gases.

Differentiate between oxidant gases air and oxygen with respect to the
capacity for combustion of fuel gases.

Mention diagnostic applications of Flame Photometer.
What is Hypokalaemia?

Define fluorimetry and fluorescence .

Name the parts of fluorimeter.

Write the filters used in fluorimetry .

Write any two applications of fluorimetry .

Differentiate between turbidimetric analysis and nephelometric analysis .
Mention the types of nephelometers .

Write about light source in nephelometer

Give two applications of nephelometry .

Define potentiometry and writew Nernst equation .

Write the definitions of reference electrode and indicator electrode .
What is meant by electrode of first kind and electrode of second kind ?
What is null point poentiometry ?

Write the definition of potentiometric titrations .

Mention the types of reactions in potentiometric titrations.

What are different types of pHmeters ?
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Il - SEPARATION TECHNIQUES

Separation means to divide ahomogeneous mixture into its component substances
Separations are made by different methods based on the physical and chemical
properties of the component substances of the homogeneous mixture . Separation
is needed for purification , qualitative identification , quantitative determination
etc . Separation of homogeneous mixtures can be done using different methods
like filtration, distillation , sublimation, preipitation , centrifugation , extraction,
crystallisation , floatation , dialysis , chromatography , electrochromatography (
also called as electrophoresis ) etc . Of these , chromatography has unique
position.

1 - CHROMATOGRAPHY
Definition , Basic principles , Different types and their techniques , General
and Clinical applications :
Definition:Chromatography is a method of analysis by which components of a
mixture are separated by redistribution of the molecules of the mixture between
two or more phases. Complex mixtures, isomers and unstable substances can also
be isolated by this technique. It is employed for purification, separation and
preparetive purposes.

Chromatographic experiment was carried out by David day, a geologist
and Mikhail Tswett, Botanist and Physical chemist. The term chromatography
and its principles were first discovered by Mikhail Tswett in 1906. In his
experiment, he separated various pigments from a leaf extract sample in petroleum
ether passing through column of CaCO,. Richard Kuhn and his co-workers applied
adsorption chromatography as a preparative method for separation of carotene
into its components in 1931. Partition chromatography was proposed by Martin
and Synge in 1941. They were awarded Nobel prize in 1952 for this discovery.
Condsen, Gorden and Martin discovered Paper chromatography in 1944. Reversed
phase paper chromatography was discovered by Kirtchovesky and Tiselius. Martin
and James introduced gas chromatography in 1952. Martin and Synge applied
partition to Gas chromatography. Thin layer chromatography was described by
Inmailov and Sehraiber.
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Phases in chromatography:
The two phases in a chromatographic method of analysis are

1) Stationary phase.

2) Mobile phase.
Stationary phase : The phase inachromatographic method which acts as support
for the mobile phase for separation to take place is called as stationary phase.
Mobile phase : The phase in a chromatographic method which moves over
stationary phase to affect separation is called as mobile phase.

Types of Chromatography based on states of matter of the phases :

1)  Solid-liquid chromatography:

Chromatographic method in which stationary phase is in solid state and
mobile phase is in liquid state is solid-liquid chromatography.

2)  Liquid-Liquid chromatography :

Chromatographic method in which stationary phase is in liquid state and
mobile phase isalso in liquid state is liquid-liquid chromatography.

3)  Liquid-gas chromatography:- Chromatographic method in which stationary
Phase is in liquid state and mobile phase is in gaseous state is Liquid-Gas
chromatography.

4)  Solid-gas chromatography : Chromatographic method in which stationary
phase is in solid state and mobile phase is in gaseous state is called Solid-
Gas chromatography.

Types of chromatography based on principle:Following are the types of
chromatography based on their principles. They are-

1) Adsorption chromatography
2) Partition chromatography

3) Exclusion chromatography

4) lonexchange chromatography

1)  Adsorption chromatography: It is the method of chromatography in which
separation of the components of a mixture takes place by differential
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adsorption caused by intermolecular forces between surface atoms of the
solid and molecules of the external solute.

2)  Partition chromatography: It is the method of chromatography in which
components of a mixture separate by partitioning between the two phases.
Partition between the two phases takes place due to differential solubilities
of the components in the two phases.

In partition methods, stationary liquid phase is held on a solid inert support. This
solid may be an adsorbant. In adsorption method, mobile liquid phase retaining
over the surface of stationary phase contributes to partition. Thus,
chromatography is neither purely adsorption nor partition.

3)  Exclusion chromatography : Chromatographic method in which exclusion is
used for separation of components of the mixture is called as exclusion
chromatography. In this process, separation of components takes place
according to molecular size. Gel permeation and seiving separation are
recently developed techniques in exclusion chromatography. In gel
permeation, separation is affected according to the size of the solute
molecules. Gel permeation is widely used for separation of sugars, proteins,
butyl rubbers and many other molecules. In seiving separations, natural and
synthetic zeolites are widely used.

4)  lon exchange chromatography : Chromatographic method in which ion
exchange causes separation of components of mixture is called as ion
exchange chromatography. Cation exchangers exchange cations while anion
exchange resins exchange anions.

Cation exchangers-zeolites, clays etc.
Anion exchangers-dolomite, heavy metal silicates.

Different chromatographic methods in general use are :

1) Column Chromatography
a) Column adsorption chromatography.
b) Column partition chromatography.
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2) Thin layer Chromatography
a) Thin layer adsorption chromatography.
b) Thin layer partition chromatography.

3) Paper Chromatography
a) Paper adsorption chromatography.
b) Paper partition chromatography.

4) High-pressure liquid chromatography.

5) lon exchange chromatography.

6) Exclusion chromatography.

7) Electrochromatography.

8) Gas chromatography a)Gas solid chromatography
b) Gas-liquid chromatography.

1) COLUMN CHROMATOGRAPHY :
Chromatographic method, using column for conducting the separation of

components of a mixture is called as column chromatography.

Column:- Column for chromatographic use is usually cylindrical with axial
length much greater than diametic length. The tube is usually made of glass.
Accessories are attached at the top and bottom of the column. Porous septum is
present at the bottom.

Bands of
fractionated
components

Types of column chromatography : caco,
Two types of column chromatography
are there. They are-

a) Column adsorption chromatography.

b) Column partition chromatography.

Column

Fig.2-1 Column chromatography
a) Column adsorption chromatography:- This method of chromatography was
first demonstrated by Tswett in 1906. He separated plant pigments by pouring the

ether extract of plant pigments over vertical column of CaCO, and irrigating with
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alcohol. Bands are formed by the components in the descending order of
adsorbability.

Principle : Components of the mixture separate by differential adsorption. The
most strongly adsorbed component forms upper most band. Least strongly
adsorbed component forms lowest band. The bands in between are formed by the
components in descending order of adsorbability.

Requirements :
1) Column.
2) Adsorbant.
3) Solvent.
4) Cotton.
1) Column : Already described above.
2)Adsorbant :  Adsorbant is stationary phase.
Requirements of Adsorbant :
a) It should not be soluble in the solution under analysis.
b) Itisrequired to be colourless.
c) It should not react chemically with mixture under analysis.

Types of adsorbants:
There are three types of adsorbants. They are-
a) Weak adsorbants Ex:-Sucrose, Starch.
b) Intermediate adsorbants ex:-CaCO,, Ca,(PO,),, Ca(OH), and
Mg(CH),.
¢) Strong adsorbants ex:-Alumina, Charcoal, Fuller’s earth.

Solvent:- Solvent is mobile phase. Solvent helps in bringing about resolution of
the components of the mixture into bands. It is also called as eluting agent.

Requirements of a solvent :
1) Solvent should have viscosity suitable to run through the column.
2) It should be pure enough.
3) It should have enough stability.
4) It should provide maximum resolution.
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Solvents are three types :
1) More polar solvents : Ex: Benzene.
2) Polar solvents:- Water, Ethyl alcohol etc.

3)Non-polar solvents:- Petroleum, Ether, CCl, etc.

Procedure:- A wad of cotton is placed over the porous septum. Column is built
above the cotton wad by the adsorbant. Solution of the substance is poured over
the adsorbant column. Irrigating solvent is poured over the column. This process
of irrigation by the solvent is also called as elution. Elution of the packed column
by the solvent causes desorption of the components of the mixture. After reasonable
resolution has occurred, column is drained, extruded carefully and bands are
separated by cutting with knife or scalpel. Scrappings are extracted with a solvent
and resulting substance is estimated by suitable method. Alternatively, continuous
elution with solvent can be done to get one component after the other. Each
component is received in a separate container.

b) Column Partition-chromatography :
Martin and Synge proposed partition chromatography in 1941. In this
chromatography, stationary phase is a liquid held on an inert porous solid such
as cellulose. One of the liquids of the stationary phase is a liquid held on an
inert porous solid such as cellulose. One of the liquids of the stationary phase
is frequently water. Mobile phase can be liquid mixture or gas. More than one
solvent is always present in a liquid mobile phase.

Principle :
Separation of the components of the mixture takes place by partitioning between
two phases due to differential solubilities of the components between the two
phases.
Requirements :
1) Column.
2) Supports for liquid stationary phase.
3) Solvents.

1) Column: Described in column adsorption chromatography.
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2) Supports for liquid stationary phase: Since the stationary phase is a liquid, it
needs a support to be retained over. Common supports for column partition
chromatography are glass powder, rubber powder, organic polymers etc.

3) Solvents: Solvents include both stationary and mobile phase liquids.
Stationary phase liquid is retained by the support whereas mobile phase liquid
runs over it.

Common solvents for column partition chromatography include light petroleum,
Cyclohexane, Carbon tetrachloride, Toluene, Benzene, Chloroform, Ether, Ethyl
acetate, Acetone-Propanol, Ethyl alcohol, Methyl alcohol, Water, Pyridine,
Organic acids,linorganic acids and bases etc.

Ex:- Solvent systems for Column partition chromatography:

Stationary phase Mobile phase
Water Butanol, Isobutanol
Water + Acid Benzene, Toluene, Hexane etc.

In reversed phase partition, Mobile phase liquids act as stationary phase and
stationary phase liquids act as mobile phase.

Procedure : A Wad of cotton is placed over the porous septum in the column.
Powdered silicagel is filled in the column. Stationary liquid phase is introduced
on to the support prior to the packing of column. A closely fitting disc or filter
paper is placed at the top of the column. Solution of substance under analysis is
now added to the column. Solvent of mobile-phase is allowed to move downwards.
Components of the mixture are separated into series of bands progressing down
the column.

Detection of the components :

Different methods of detection of components are :
1)  Visual detection for coloured components
2)  Detection with U.V. lamp for colourless components
3) Detection by chemical development for colourless components
Ex:-Phenols with Ferric chloride.
4)  Detection by physical properties such as viscosity, density and
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refractive index.
5)  Detection by radio isotopic methods for colourless substances.

Applications of column chromatography :

1) Itisused to determine amino acid contents of protein hydrolysate.
2) Itisused in separation of urinary 17-keto steroids.

3) Itisused in separation of 17 keto steroids glucuronides.

4) Itis used in separation of plasma cortisol etc.

5) Itis used in the purification of Sudanred.

2) THIN LAYER CHROMATOGRAPHY (TLC) :

Izamailov and Shraiber first discovered thin layer chromatography in 1938. It was
further developed by Meinhard and Hall in 1949, Kirchner, Miller and Keller in
1951, Mottier in 1952 and Reitsema in 1954. In 1958, Precise work was carried
out by E.Stahl.

Definition:- Chromatography using thin layers of an adsorbant held over a
supporting medium like glass plate is called as

Thin layer chromatography.
Types of T.L.C based on principles :

1) Adsorption T.L.C.
2) Partition T.L.C.

3) lon exchange T.L.C.
4) Thin layer
electrochromatography.

yent

Fig.2-2 Thin layer chromatography
Principles:- Inadsorption T.L.C., components of the mixture separate by differential
adsorption by the adsorbant. In partition, components of the mixture separate by
differential solubilities between the stationary and mobile phase liquids. Thus,
components of the mixture separate between the two phases.
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Requirements:-
1) Glass plates/Microscope slides/Plastic sheets/Aluminium foils.

2) Materials for producing thin layer of adsorbant/ support for stationary
liquid phase.
3) Applicator (Stahl’s applicator)
4) Developing chamber, capillaries, micro pipettes or micro syringes.
5) Solvents.
6) Detecting reagents.
1) Glass plates :
For producing a thin layer, a support is needed. It is provided by a glass
plate. Previously coated sheets are also commercially available. Previously
coated sheets are coated microscope slides or glass plates or plastic sheets or
Aluminium foils.

2) Material for producing thin layer:

Common adsorbants used in T.L.C are silicagel, alumina, kiselguhrand
cellulose powder, Plaster of Paris (Calcium Sulphate) is used as binding
agent.

3) Applicator: Applicator is adevice used to produce a thin layer of the adsorbant
material over the plate. Some of the several types of commercial applicators
available are

1) Stahl’s original applicator.

2) Stahl’s model 11-S applicator.
3) Stahl’s G.M applicator.

4) Sample applicator.

Capillaries, Micropipettes or Micro syringes are used to apply sample on
chromatoplates.

4) Developing chamber : Developing chamber can be a cylindrical chamber
made of glass - beaker etc. Different jars are proposed by Geiss Schlitt, Ritter,
Weimar, Brenner and Niederwieser, Weil and Rybicka and others. Baby food
jars or glass beakers covered with aluminium foil can also be used.
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5) Solvent: Almost all the solvents used in paper chromatography and column
chromatography can be used in T.L.C. ex : Petroleum ether, Benzene,
Chloroform, Ether, Acetone, Ethyl alcohol, Methyl alcohol, Water, Glycerine
etc.

6) Detecting reagents : Physical and chemical properties can be useful for
detection of the spots fractionated from mixture.
U.V. light can also be used in some cases.
Procedure :
Steps involved in T.L.C are-
1) Production of thin layers on plates.
2) Application of sample on the plates.
3) Development.
4) Detection.
5) Calculation of Rf Values.

1) Production of thin layers on plates :
A slurry of coating material is prepared and thin layers can be prepared
with or without special equipment.
With Use of Special Equipment :
With Stahl’s original applicator, 0.25 mm thick layers can be prepared.
0.25-2 mm thick layers can be prepared with Stahl’s 11-S applicator. Gradient
layers can be prepared with Stahl’s G.M. applicator.

Methods of production of thin layers are:-
1) Spreading.
2) Pouring.
3) Dipping.
4) Spraying.
2) Application of sample on chromatoplates :
0.1 to 1% solutions of the samples are applied as single spots about 2cm
from the edge by means of capillaries, micropipettes or microsyringes
etc. Amount of sample to be applied depends upon-
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1) Thickness of layer.
2) Principle of chromatography used.

Ex:-50-500 mg sample can be applied on 25 mm thick layer.
3) Development: There are different methods of development by which
components of the mixture are fractionated in T.L.C. They are -

a) Ascending / descending development

b) Horizontal development

c) Multiple development

d) Step wise development

e) Gradient development

f) Continuous development

g) Two dimensional development

Ascending development is normally used. In this method, sample is spotted

at one end. Plates are placed vertically in a container saturated with developer
vapour. They are placed with the sample line just above the solvent level. Solvent
moves upwards causing fractionation of the components of mixture. Process of
development is also called as elution. After the development is completed, plate
is removed from the solvent and dried. It is called as chromatoplate.

4) Detection: Detection of the fractionated components can be visual if
they are coloured. Their physical properties can also be made use of for
detecting. Chemical method of detection can be done by spraying with
a locating reagent. Auto radiography can also be used.

5) Calculation of Rf values : Rf values can be determined by measuring
the distances traveled by fractionated components and solvent front and
substituting in the formula -

distance moved by component
R, =
f

distance moved by solvent front
Determination of R, value can be useful for qualitative identification.
R; values of standards can be useful for quantitative determination
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Applications:

T.L.Cisused in
1) Druganalysis.
2) A nalysis of natural products.
3) Detection of trace pesticides in water.
4) ldentification of metabolites of drugs in excreta.
5)  Analysis for presence of poisons.
6) Separation of vitamins.
7) Qualitative and quantitative analysis of biological fluids for the
diagnosis of disease.

3) PAPER CHROMATOGRAPHY :
Paper chromatography was first introduced by schonbein in 1961. It was
popularised by Consden, Gorden, Martin and Synge in 1964.

Paper chromatography can be defined as technique in which separation of
mixture is carried out on specially designed filter paper.

Types of paper chromatography :
1) Paper Adsorption chromatography
2) Paper partition chromatography

Paper adsorption chromatography is separation technique in which adsorbant
impregnated over paper acts as stationary phase. Paper partition chromatography
is a separation technique in which paper acts as inert support, one liquid acts as
stationary phase and another liquid acts as mobile phase.

Principle :

Paper adsorption chromatography is based on differential adsorption of
components of the mixture by the adsorbant material impregnated over the paper.
Paper partition chromatography is based on partitioning of the components between
the stationary phase held over the paper and mobile phase. Principle of the paper
chromatography is based on the fact that solutes have the capacity to migrate
through filter paper at different rates as the solution of the sample is drawn into
strips of paper by capillary action.
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Requirements :
1) Paper.
2) Apparatus.
3) Solvent for making solution of the sample.
4) Pencil.
5) Sample applicator.
6) Solvents for stationary and Mobile phases.
7) Requirements for detection.
1) Paper: Whatmann No.1 filter paper is used for this purpose.
Composition: a - Cellulose-98.99%
b - Cellulose-0.3 to 1%
Pentosans=0.4 to 0.8%
Ether soluble matter = 0.015 to 0.02%
Ash-0.07 to 0.01%
2) Apparatus :
It is cylindrical chamber made of glass, polyethylene, stainless steel or
porcelain can also be used.

Requirements of apparatus :
a) Material of the apparatus should not be soluble in the solvent.

b) Apparatus should be vapour tight.
Glass rod and clips can be used to hang the paper strips.

3) Solvent for making solution of the sample :
A suitable solvent is used to make solution of the sample. A
volatile solvent is used since it evaporates leaving, the mixture to
be resolved at the spot of application.

4) Sample applicator :
Suitable device is used for applying the sample on the pencil line.
Microsyringes, Micropipettes, Capillary tubes, Wireloop etc. are
used for this purpose.

5) Pencil for drawing a line :
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Pencil can be used for drawing the line on which sample is applied
with the help of sample applicator.

6) Solvents for stationary and Mobile phases:-
When the method is paper adsorption chromatography, mobile
phase is the liquid. When it is paper partition method, stationary
and mobile phases are solvents. Stationary phases liquids are
classified into:

a)Aqueous stationary phase: Ex: water
b)Hydrophilic stationary phase: Ex: Methanol, formamide, glycol, glycerol etc.
c)Hydrophobic stationary phase: Ex: dimethyl formamide, kerosene etc.

Mobile phase liquids are mixtures of two or more solvents
ex : 1) Isopropanol-Ammonia- Water mixture in the ratioof 9:1: 2
2) N-butanol-Acetic acid-Water mixture in the ratioof 4 : 1 : 5.

7)  Requirements for detection :

Glass

When the components of the rod
mixture are not coloured Whatman No.1

filter paper
, requirements for the
detection depend on the Chamber
method employed. Different Pencil Line of

sample

methods employed are U.V. application Solvent

method, physical and chemical
methods. In U.V. method U.V. Fig.2—3 Paper chromatography
lamp is needed. For chemical

methods chemical reagents

are required and they depend on the component fractionated. For example, ninhydrin
solution is used for detection of amino acids in serum.
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Procedure: Different steps in the separation of components of a mixture by paper
chromatography are :

1) Selection, modification and preparation of paper.
2) Preparation of sample.

3) Application of sample on the paper.

4) Development.

5) Drying of paper

6) Detection.

7) Calculation of Rf values.

1) Selection, modification and preparation of paper: Whatmann No.1 filter
paper is the paper of choice in paper chromatography. It provides the quality
required for resolution of components of the mixture. If the cellulose paper
used in paper chromatography is not of suitable quality, it has to be impregnated
with diatomaceous earth, alumina, silicagel, and ion exchange resins. Paper
can also be impregnated by 1) Buffer treatment, Silicone treatment.

Glass fiber type paper is suitable for elution with corrosive agents.

After selecting the paper of desired quality, it has to be cut into suitable
size and shape. Rectangular, circular as the case may be. It should be washed
before use.

2) Preparation of sample :
Mixture to be resolved should be dissolved in a suitable solvent. \olatile solvent
can be used for a mixture in solid form. Quantity of solution should be minimum
to avoid diffusion.

3) Application of sample on the paper :

Sample is applied as spots or bands. Amount of sample to be applied
depends on.

1) Capacity of the solvent.

2) Optimum concentration required for.

3) Time required for development.

4) Development: Suitable solvent/Solvent mixture is selected, sufficient quantity
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is taken in the chamber and rectangular paper is hung vertically from glass
rod so that its edge below the pencil line dips in the solvent mixture taken in
the cylindrical chamber. Paper can also be rolled into cylindrical shape and
kept in the solvent in circular paper chromatography. Chamber atmosphere
also must be saturated with solvent. Development causes fractionation of
components of mixture. The process is also called as elution.

5)  Drying of the paper : After the mobile phase liquid has travelled the length of
the strip, paper is removed and dried. It is done by keeping in a hot air oven
or over a hot plate for few minutes. It can also be done by using a fan or hair
drier. Drying is needed for evaporating the solvent. The finished, dried paper
after completion of elution is called as paper chromatogram.

6) Detection : Positions of the fractionated components on the paper
chromatogram can be located by different methods. Coloured substances
can be spotted visually. When the fractionated substances are colourless,
suitable methods have to be followed. Ultraviolet lamp can be used if the
substance is not visible in the ordinary light. Radio active substances can
also be used. Physical and chemical methods can be also made use of for
locating. Chemical methods involve using of chemical reagents. Ninhydrin
solution is used as detecting /locating reagent for amino acids. Metallic ions
of Il and IV group elements can be located by H,S.

Locating reagents are applied by

1) Spraying method.

2) Dipping method.
In spraying method, solution of the reagent is sprayed over the paper
chromatogram uniformly using an atomiser and dried. In dipping method,
paper chromatogram is dipped in the solution of the reagent and dried. It
is followed when solvent used for dissolving the locating reagent is volatile.

7) Calculation of Rf Values : Distance moved by the component from the pencil
line and distance moved by the solvent front shall be measured. Rate of flow
of a component can be determined by using the formula.
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Distance moved by the component

Rf =

Applications : It can be used for qualitative identification and quantitative
determinations. For quantitative applications, colour intensities of spots got
with unknown have to be compared with the colour intensities of spots got
with standard solution.

Distance moved by the solvent

Paper chromatography is successfully used for fractionation of amino acids
in a mixture. Clinically, it is used for the fractionation of serum amino acids.
Fractionation of serum amino acids can be done by using serum as sample.

4) HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC):
Liquid chromatography: Liquid chromatography is the method in which
mobile phase is a liquid. There are two types of liquid chromatography
1) Solid-liquid chromatography. 2) Liquid-liquid chromatography.
HPLC: Liquid chromatography using high pressure to force the liquid through
column is called as High pressure/High performance liquid chromatography
(HPLC). Difference between- HPLC and older technique is speed. Older
technique of liquid chromatography (LC) is of slow sped where as the newer
technique is of increased speed. This method was used by Hadden in 1967 for
separating mixture of nucleosides containing Uridine, Guanosine, Adenosine and
Cytidine using 10-20 PSlg and it took 60 minutes for fractionation.
Principle : Differences in partition coefficients causes separation.
Construction of HPLC apparatus :
HPLC apparatus consists of
1) Reservoirs, degassing chambers and mixing valve
2) Precolumn
3) Pumps
4) Columns
5) Detectors
Reservoirs, degassing chambers and mixing valve : HPLC apparatus is
provided with two reservoirs each with a degassing chamber. Degassing chamber
will expel dissolved air. Mixing valve mixes the two liquid phases.
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Precolumn:- Precolumn is loaded with same solid support and stationary liquid
phase as in the main column.

Pumps:- Pumps are used to apply high pressure to the liquid to force through
column. Motor driven pumps are widely used for producing high pressure. It is
either reciprocating or single stroke pump. High pressure can also be got by pressure
transfer from a cylinder of compressed Nitrogen.

Columns: Columns are usually of 1-6mm inside diameter. They are made of stainless
steel or glass. Solid support used in Liquid-Liquid chromatography can be porous
diatomaceous earth. Alumina or silicagel is used in Solid-Liquid chromatography.

Detectors: Different detectors used are
1) Photometric detectors.
2) Refractive index detectors.
3) Moving wire Flame ionisation Ledetectors.
4) Reduction detectors.
5) Conductometric detectors.

Photometric detectors depends on adsorption of visible or U.V. light. Source
of U.V. lightis a low pressure mercury lamp. Refractive index detectors measure
difference in refractive index. Moving wire flame ionization LC detector is used
in the Pye chromatograph. In reduction detector, liquid stream from the column is
mixed continuously with a stream containing a reagent. It produces coloured or
fluorescent product with sample components.

Conductometric detector is based upon measurement of electrolytic
conductivity.
Procedure :
Steps involved are -
(1) Degassing of liquid phases
(2) Mixing of degassed liquids
(3) Passing the mixed liquid into chromatograph
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(4) Injection of sample
(5) Elution
(6) Detection
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Fig. 2-4 Flow diagram of HPLC
Procedure :
(1) Degassing of liquid phases :
Two liquid phases of the HPLC present in the two reservoirs are degassed in
degassing chambers separately. Degassing step is needed to expel air
dissolved in liquid phases.

(2) Mixing of the degassed liquids : Mixing valve is positioned properly to mix
the two liquids from the reservoirs after expulsion of dissolved air in the
degassing chambers. Mixing valves can be programmed with a geared down
motor drive. It is possible to change the proportions of two solvents by
programming during chromatographic process.

(3) Passing the mixed liquid into chromatograph proper : Mixed liquid is pumped
at high pressure in to chromatograph proper. Mixed liquid is first allowed to
pass through a coil of tubing which it is brought to working temperature.
Then it is passed through a precolumn with pressure which is loaded with
the same solid support and stationary phase liquid as the main column. Mobile
phase liquid gets saturated with stationary phase liquid in the pre column.
This prevents removal of stationary phase form the column.
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(4) Introduction of the sample :

Sample is introduced between Precolumn and column by using a syringe or
a valve.
(5) Elution : Gradient elution or solvent programming causes separation of the
components due to differences in the partition coefficients.

(6) Detection : Separated components of the sample are detected by making use
of detector. It was introduced by Small, Stevens and Baumann in 1975.

5) ION EXCHANGE CHROMATOGRAPHY :

Chromatographic method by which ions of similar properties are separated
due to ion exchange is called as ion exchange chromatography. lon exchange is
the process of exchange of ions of like sign between a solution and ion exchange
resin. lon exchange resins consist of beads of highly polymerised, cross linked
organic materials. These materials consist of large number of acidic or basic groups.
Many ohter natural and synthetic substances also cause ion exchange. Anion
exchangers exchange anions and cation exchangers exchange cations.

Properties of ion exchangers:- Colour, Density, Mechanical strength, Particle
size, Cross linking, Swelling , Porosity, Surface area, Chemical resistance etc.

Requirements of a good resin :
1) It must be sufficiently cross linked.
2) It must be sufficiently hydrophilic.
3) It must be chemically stable.
4) Number of accessible ion exchange groups contained must
be sufficient.
5) Density of swollen resin must be greater than 1.

Types of ion exchange resins : They are two types.

| - cation exchangers  IlI-Anion exchangers

I) Cation exchangers :
1) Natural Inorganic anion exchangers: Examples are zeolites and clay.
2) Natural organic cation exchangers: Examples are peat, natural
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sulphanated coal and wood.
3) Synthetic Inorganic cation exchangers:- MgO, SiO,, Al,O,, SiO,-
Al20,.
4) Synthetic organic cation exchangers:Polymeric resin matrix containing
acidic exchange sites.
I1) Anion exchangers :
1) Natural Inorganic anion exchangers :
Ex: Dolomite.
2) Synthetic Inorganic anion exchangers :
Ex: Heavy metal silicates.
3) Synthetic organic anion exchangers :
Ex: Polymeric resin matrix containing basic exchange sites.
Types of ion exchange resins on the basis of functional groups contained :
There are two important types of lon exchange resins.
1) Acid Resins. (Cation exchange resins)
2) Basic Resins. (Anion exchange resins)

1) Acid resins: Acid resins contain acid functional groups. They give rise to
common functional groups as -SO4H, - COOH, -OH, - SH and -PO,H, .
They are further divided into

a)Strong acid resins b) Weak acid resins.

a) Strong acid resins: These are prepared by nuclear sulphonation of cross
linked polystyrene. They are effective over extra range of pH in both acid and
salt forms. They contain sulfonic acid groups as ionisible groups. They are
useful for fractionation of amino acids, vitamins, lanthanoids etc.

b) Weak acid resins: They are polymers of methacrylic acid. They possess
carboxyl groups. They are effective in the pH range of 5 to 14. They are
useful for fractionation of transition elements, antibiotics etc.

2) BasicResins: They contain basic functional groups. They give rise to common
functional of groups as -NH,,-NHR met-NR, Anion exchangeresins are further
divided into
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a) Strong basic reasons
b) Weak basic reasons.
Strong basic resins:- They are resins with positively charged quaterinary
ammonium groups attached to cross linked polystyrene frame. They are ionised
They offer wide range of pH. i.e. - O - 12.
Ex:- Trimethyl ammonium groups. They are useful in fractionation of halogens,
alkaloids, B-complex vitamins, fatty acids etc.

(b) Weak basic resins: Tertiary amine resins and polyamine polystyrene resins
belong to this class. Polyamine polystyrene resins are mixtures of primary,
secondary and tertiary groups on the polystyrene network. Tertiary amines
are effective between 0-9 pH. Polyamine resins are effective between 0-7 pH.
They are useful in the fractination of anionic complexes of metals, anions of
different valancies, vitamins and amino acids.

Principle: Separation of the components of a mixture takes place by lon exchange
lon exchange takes place between ion exchange resins and solutions of ionised
material.

An anion exchange resin contains amine or quaternary ammonium groups
as part of the resin and also anions like CI~, SO, ™, OH~ etc in equivalant amount.
When an anion exchange resin is treated with hydrochloric acid, substituted
ammonium cations are produced.

R-NH, + HCI ----- > RNH,*CI-
(Anion exchanger)

When it is further treated with solution of any ionisable material, ion
exchange takes place as follows.
RNH,*CI- + Na* + OH"—> RNH*; OH™+ Na* + CI~
2RNH,*CI- + 2H* +SO,~—> (R-NH;"),SO,~~ + 2H,0
A cation exchange resin contains sulphonic, or carboxylic or phenolic groups

as the part of the resin and also cations in equivalent amount. When a cation
exchange resin is treated with 5% HCL, resin is converted into acid form (RSO,~
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) H*. When NaCl is passed through hydrogen form of the resin H+ ions will be
replaced by Na* ions.

(RSO, )H* + Na* _—> (RSO;)Na*+ H*

For each equivalent of sodium ion one equivalent of Hydrogen ion is freed.
Equilibrium position depends on a) Concentration of Na* ions in solution which are
in contact with resin. b) Acidic strength of resin.

Procedure: Steps in ion exchange chromatography are
1) Packing of the column
2) Application of sample
3) Operation of ion exchange
4) Analysis of elute

1) Packing of the column:

Column is packed by pouring the slurry of the resin into the vertically held
column. Care should be taken to avoid air bubbles. Slurry is added in parts. Resin
is allowed to settle down between each addition. Resin is brought to equilibrium
with the solvent before packing of the column by slurry of the resin. After
completion of packing of the column, eluent is passed through the column for
certain time to ensure uniform flow rate of eluent over the entire cross section of
the column. Level of the liquid is adjusted to be below the top of the resin bed.

2) Application of sample :

Sample solution to be fractionated is poured on the top of the resin in the
column. Sample application is made by using a micro pipette or micro syringe.
3)Operation of ion exchange chromatography:-

lon exchange chromatography can be operated by elution, fronal analysis
or displacement analysis.
High rate of ion exchange is affected through-
a) Resin of low cross linking and small particle size
b) lons of smaller size
c¢) High temperature

d) Concentration of the solution
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4) Analysis of the elute:- Fractionated components of the mixture are collected
into automatic fraction collectors. Analysis of the elute is made by-

a) Determination of pH.

b) Determination of Refractive index

c) Determination of light absorptive power

d) Spectro Photometric method

e) Polarographic method

f) Conductometric method

g) Radio chemical method

Applications: Some important applications of ion exchange chromatography are -
1) Determination of sodium and potassium in the mixture
2) Separation of interfering ions
3) Concentration of traces of an electrolyte
4) Separation of transition metals
5) Conversion of fats to acids or bases
6) Demineralisation of water
7) Softening of hard warter
8) Removal of carbonates from NaOH
9) Separation of Isotopes etc.

6)EXCLUSION CHROMATOGRAPHY :SEE TYPES BASED ON
PRINCIPLES

7)ELECTROCHROMATOGRAPHY:Itis also called as electrophoresis. This topic
is dealt as separate chapter.

8) GAS CHROMATOGRAPHY : Gas chromatography was originally suggested
by Martine and synge in 1941.

Definition : Gas chromatography is a method of chromatographic analysis in which
mobile phase is a gas.

Principle : In this technique, components of a vaporised sample are separated due
to partition between mobile gaseous phase and a stationary phase held on the
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Types of Gas chromatography:

There are two types of gas chromatography based on stationary phase.
1) Gas-Solid chromatography.
2) Gas liquid chromatography

When stationary phase is a solid, the method is called as Gas solid
chromatography. When itis a liquid it is called as Gas liquid chromatography. Of
these two techniques, gas-liquid chromatography is the widely used one.

Construction of GLC apparatus :
GLC apparatus consists of
(1) Tank of Mobile phase gas (Carrier gas)
(2) Injection port for sample application
(3) Column
(4) Detector
(1) Tank of Mobile phase :

A high pressure gas cylinder is used as a reservoir for carrier gas. It is
attached to a pressure regulator to regulate the gas flow through the separation
column. Soap bubble meter can also used for accurate regulation of the rate of
mobile phase gas.

(2) Injection port :

Injection port is the place from where sample is introduced. It is located at
aplace so that the sample is introduced directly in to the carrier gas . It is constructed
with a material that can be maintained at high temperature. It contains a pliable
septum through which samples are injected.

(3) Column : Column is the heart of the chromatography. Column is the site
where components of the sample are fractionated. There are two types of columns,
commonly employed in GLC. They are-

(1) Capillary column.

(2) Packed column.

Capillary column is fabricated from capillary tubing. These columns are

available in lengths up to 200° with 1/16” or less diameter. Column for packed
49

column is made of stainless steel or copper packed with stationary phase solid in
Gas solid Chromatography and solid support in Gas Liquid chromatography. Glass
tubes can also be used as columns.

(4) Detector : Detector is the part which detects a fractionated component on
the basis of properties of that component like thermal conductivity, flame emission,
differential adsorption etc. Different types of detectors used are-

(1) Thermal conductivity detectors

(2) Flame lonisation detectors

(3) Flame Photometric detectors

(4) Electron capture detectors

Requirements :
1) Mobile phase gas
2) Solid supports
3) Stationary phase liquid

I.  Mobile phase gas : Mobile phase gas is also known as carrier gas. It is
usually Helium or Nitrogen. Carbon dioxide and Hydrogen are also tried . Hydrogen
is explosive. Hence it is a disadvantage.

Requirements of a carrier gas :
1) It should be chemically inert.
2) It should be available at cheaper rate.
3) Itshould allow detector response.
2) Solid supports : Since the stationary phase in GLC is liquid, it should be
provided support by an inert solid. Examples are Kieseguhr, Powdered teflon,
Alumina etc.

Requirements of solid support:
1) It should be porous.
2) Itshould provide large surface area . Particles should be small, uniform
and spherical.
3) Itshould be mechanically strong .

4) Itshould be chemically inert.
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5) It should be easily wettable by the stationary phase liquid.
3) Stationary phase liquid : Examples are Squalene, Silicone oil, Silicon rubber
gum, carbowax etc.

Requirements of stationary phase liquid :
1) Itshould be a good solvent for the sample.
2) Itshould be thermally stable.
3) Itshould be chemically inert.
4) It should be very less volatile.
5) Boiling point should be at least 200°C higher than the maximum
operating temperature of the column.
6) Solubilising power of the stationary phase liquid should be differential
for components of the sample mixture.
4) Sample injector :
Syringe is used for injecting sample. 0.1-100 ml capacity syringe is used for
introducing liquid sample. Gas light syringe of 0.5-10 ml capacity is used for
injecting gaseous samples. Special syringe can be used for solid samples.

Procedure:
Different steps involved in Gas chromatography are :
(1) Column packing
(2) Column conditioning
(3) Column thermosatting
(4) Sample injection
(5) Elution

(1) Column packing:

Column packing is very important since it provides the base for separation
process. Column is packed with stationary phase solid in GSC and solid support in
GLC.

Column packing in G.S.C. (Gas Solid Chromatography): It is prepared by
plugging one end of the column with glass wood and filling the column with substrate
with the help of funnel and vibrating. Other end is now plugged and tube is coiled
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Column packing in G.L.C.(Gas-liquid Chromatography): Stationary phase
liquid is dissolved in a volatile solvent. Inert dry solid is mixed in enough quantity
and volatile solvent is removed by evaporation. This freely flowing solid coated
with stationary phase liquid is packed in to the column by tapping or vibrating.
Tube is now coiled or folded loosely.

(2) Column conditioning: Column is conditioned by baking at prescribed
temperature while mobile phase gas is flowing. This will remove foreign
material. Conditioning is carried out at highest permisible temperature for a
period of 6-12 hours during which carrier is flushed.

(3) Column thermostating: Column temperature should be maintained constant
to a few tenths of a degree. Circulating air baths, electrically heated metal
blocks and vapour Jackets are used to provide column thermostating.

4) Sample injection : Sample is injected directly into the injection port. It is
introduced into carrier gas. Liquid and gaseous samples are injected by syringe
through silicon rubber diaphragm in the injection port. Liquids are introduced
as solution with a syringe of 0.1 - 100 mL capacity. Gases are injected with a
gas light syringe of 0.5 -10 ml capacity. Sample loop can also be used to
inject gaseous samples. It is done by allowing gaseous sample into a chamber
of known volume and inserting into carrier gas flow. In can be done using
valve. Solid samples can be dissolved suitable solvent and in injected with a
syringe. A special syringe can also be used to inject solid samples directly.
Samples which can not be vapourised at the operating temparature should
not be injected. Such samples can clog the port and can cause damage to
column.

(5) Elution: A temarature slightly greater than average boiling point of sample
gives reasonable sample elution. If the components of the sample have boiling
points in broad range, temperature is to be increased as the elution proceeds.
It can be carried out continuously or step wise. Elution period will be 10-30
minutes. Optimum resolution is achieved by minimal temperature.

(5) Detection: Detection of the fractionated components is achieved by using
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detectors. Detection of a component is based upon the physical properties of
the components.

Applications of G.C. :
(1) Clinical applications: It is used for determining body components.
Blood gases, Oestrogens, Homovanillic acid, Vanilylmandelic acid,
Hydroxy corticosteroids etc. can be determined and analysed.
(2) General applications: Itisalso used in -
a) Petroleum industry
b) Food industry
c) Cosmetics and perfumes industry
d) Plastic industry e.t.c.

2 - ELECTROPHORESIS

Definition ,Various types,Methods ,Serum protein and lipoprotein
electrophoresis:

Definition: Electrophoresis is the phenomenon of migration of individual ions as
well as colloidal particles in a solution towards either positive or negative electrode
under the influence of an electrical field. They behave as electrically charged
w.r.t. dispersion medium. It is a powerful analytical tool for fractionating the
components of a mixture.

Purposes of Electrophoresis :

1) Purification
2) Preparation
3) Determination

Factors influencing the rate of travel of the particle:

1) Particle size

2) Molecular weight

3) Properties of electrical field
4) Temperature

5) Nature of suspending medium
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Free solution method: Free solution method of electrophoresis is carried out in
the absence of a supporting or stabilizing medium. It was first proposed by Picton
and Linder in 1892. It was fully developed by Tiselius in 1937 for which work,
he was awarded Nobel Prize. Number of improvements were later made by
Stevenson, Longsworth in 1939 and Philpot in 1948.

In free solution Electrophoresis, sample is introduced as a band at the
bottom of a ‘U’ tube which has been filled with unstabilized buffer solution.
Capillary tube side arm is used to introduce sample to the bottom of the tube
under the buffer. Electrical field is applied by means of electrodes located at the
ends of the tube. Separation takes place as a result of differential mobilities.

Zone Electrophoresis : Zone electrophoresis or electro chromatography is carried
out in the presence of a supporting or stabilizing medium.

Types of supporting or stabilising media :

Examples of supporting media include filter paper, cellulose acetate strips,
starch powder, cellulose powder, starch gel, agarose gel etc. Electrophoresis
carried out with filter paper as supporting medium is called Paper
Electrophoresis.Electrophoresis carried out with Agarose gel as supporting
medium is called as Agarose gel electrophoresis.

Types of paper used in paper electrophoresis :

Various types of filter papers can be used for paper electrophoresis. Some
of them are What man 1,2,3, Eaton- Dikeman 301-85, 320 and 352, Munketells
20/50 and Schleicher and Schull 2040 A and B. If paper reacts with sample,
paper made form fibres of borosilicate glass as Whatman GF/B is suited.

Electrodes used in Electrophoresis : Graphite rods,Stainless steel,Silver
chloride, Platinum have been recommonded as materials for electrodes. Platinum
is the best choice for electrodes. Platinum electrodes are avaible in vairous forms
ranging from fine wires to sheets of foil. Platinum electrodes do not deteriorate
and need no replacement.

Source of current used in electrophoresis: Source of D.C. is arectifier delivering

between 100-300 V.
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voltage applied for electrophoresis depends on the sample to be
fractionated.

Location of components:-Various methods are used for location of components.

Substance Method of location

1.  Proteins Staining

2.  Enzymes Specific activities

3. lons Colour reactions

4. Amino acids Ninhydrin

5. Radio active Autoradiography or
Substances Scanning

Electrophoretic chamber :
Requirements:

1) It should be made of Insulating material.

2) Voltage drop between the ends of electrophoretic bed should be
measurable.

3) It should be provided for preventing evaporation of buffer during
electrophoresis.

4) It should be provided to adjust buffer levels in the electrode
compartments.

5) It should be designed to adjust electrolyte in the electrode chamber to
equal level.

6) Strip or sheet must be suspended so as to avoid sagging.

7) Destruction of buffer at the electrodes should be prevented or minimised.

8) Continuous mixing and recycling of buffers in the chamber should be provided
to neutralize decomposition products.

Applications of Electro chromatography:

Thistechnigue iswidely used in cInical diagnosis for analysis of serum,urine,

cerebrospinal fluid, gastric juices and other body fluids. Diagnosis of clinical
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condition is useful for treatment and also for therapeutic evaluation of drugs in
clinical pharmacy studies.

It is a useful technique for separation of serum protiens and
lipoproteins.Electrophoresis is used also for the fractionation of nucleic
acids, vitamins, natural pigments, amino acids, organic acids, and carbohydrates
etc. Inorganic ions can also be separated by this technique. Thus this technique
isatool of significance in Phramaceutical analysis, Chemical analysis and
Biochemical analysis.

Fractionation of serum proteins :

Clinical significance :

Plasma contains 1) Albumin - 4.7-5.7%
2) Globulin-1.3-2.5%
3) Fibrinogen - 0.2-0.4%
4) Prothrombin etc.

Serum contains Albumin and Globulin only as serum is the fluid part of blood
after clotting. Fibrinogen and prothrombin being the proteins responsible for
coagulation of blood, they are not present in serum. Serum globulin is four

types.
1) a-1-globulin
2) a-2 - globulin.
3) b- globulin
4) g-globulin

Albumin - 3.3-4.8%.
a-1-globulin - 0.2-0.4%
a-2-globulin - 0.4-0.8%
b-globuliln - 0.6-1.2%
gglobulin - 1.0-1.8%

Patterns of proteins in related diseases are as follows :

56



1) In nephrotic syndrome, 3) a2-globulin.

a) Albumin is decreased. 4) b-globulin.

b) a1 - globulin is normal . 5)  gglobulin.

¢) a2 - globulin and b-globulin are increased. Differential migration pattern is due to differences in molecular weights

d) g- globulin is decreased. and particle sizes of the components.

e) Additional band is absent. Specimen: Serum
2) In cirrhosis, Reagents :

a) Albumin is decreased. 1) Veronal buffer.

b) al globulin, a2 globulin and b-globulin are normal. 2) Staning solution.

c) g-globulin is normal, or slightly increased. 3) Destaining solution.

d) Additional band is absent. 4) Fixtative .
3)In multiple myeloma , 5) Eluting solution.

a) Albumin, al- globulin, a2-globulin, b-globulin and o-globulin Requirements :

are normal. 1) Whatmann no.1 or 3 filter paper strips.

b) Additional band is present. 2) Electrophoresis apparatus.
4) In Agamma globulinaemia , 3) Beakers.

a) Alubumin, al-globulin, a2-globulin and b-globulin are normal. 4) Test tubes.

b) g-globulin and additional band are absent. 5) Micropipette or Hb pipette.
Electrophoretic method of fractionation of serum proteins: 6) Hot air oven or incubator.

7) Pencil.

Serum proteins can be fractionated by -
1) Paper electrophoresis. 1) Veronal buffer: (pH-8.6, 0.075M) :
2) Agarose gel electrophoresis.

Composition:
Fractionation of serum proteins by paper electrophoresis : Sodium barbitone - 422
Principle:- Serum proteins, being collodidal in nature are separated by Barbituric acid - 1.529.
migration towords anode as they behave like anions. Sequence of moment Sodium azide - 04g.
of different serum proteins in the decreasing order is as follws. Distilledwaterupto - 2,670ml.
1) Serum Albumin — fastest. Method of preparation :
2) al-globulin. 1) Dissolve Barbituric acid in about one litre of water by heating.
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2) Cool and dissolve sodium barbitone.
3) Now add sodium azide and mix.
4) Dilute to 2,670 ml with water.

Storage: Store at 2-8°C.

2) Staining solution:

Composition:
Bromophenol blue-1 g.

95% v/v ethanol saturated with mercuric chloride up to 100ml.
Storage: Store in amber coloured bottle at 25°C + 5°C.
3) Destaining solution :

2% V/V acetic acid.

Storage : Store at 25°C + 5°C.

4) Fixative :
Composition:
Sodium acetate - 29.
10% v/v acetic acid - upto 100ml.

Storage: Store at room temperature (25°C + 5°C)
Eluting solution:- (N/100 Sodium hydroxide)
Composition:

Sodium hydroxide:-0.4g.

Distilled water up to — 1litre.

Method of preparation:- 1) Dissolve 0.4g of sodium hydroxide in enough quantity
of water.

2)Dilute to 1litre with water.

3)Standardise and adjust normality if necessary .
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Storage: Store at Room temp(25°C + 5°C).
Requirements :
1) Whatman No.1 filter paper strips :

Whatman No-1 or 3 filter paper is cut into strips of 3cm width and length
depending on the buffer tank. Itisthe supporting medium for carrying out
electrophoresis.

2) Electrophoresis appartus: Electrophoresis apparatus consists of power supply
unitand buffer tank.

3) Micropipette: Micropipette is used for pipetting serum sample and applying
italong the pencil line drawn on the strip.

4) Incubator or Hot air oven: Temparature required for drying the paper strip
after electrophoretic elution is provided by Incubator/oven.

5) Pencil : Pencil is used for drawing the pencil line on the paper strip.

Power

— supplier

Buffer Tank

Fig.2-5 Paper Electrophoresis

Procedure:
1) Set up the apparatus on level surface.

2) Fill the electrode chambers with veronal buffer.

3) Adjustthe buffer levels in the two eletrode chambers to be equal.

4)  Wet the paper strip by dipping in buffer mixture.

5) Remove the excess buffer on the paper strip by laying it on a sheet of filter
paper.

6) Place the paper strip in horizontal position with out delay.
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7)  Allow the paper to stand for an hour.

8) Enclose the entire apparatus excluding power supply in an air tight chamber
to prevent excesive evaparation of buffer.

9)  Apply 5mL of serum uniformly along the pencil line.

10) Turnonthe power. Apply potenial difference of 100-1000 volts across the
elctrodes.Allow to run electrophoresis for 16 to 18 hours.

11) Remove the paper strips from the apparatus and dry at about 80°C for half
an hour.

12) Stain the paper strip by rolling the dried strip placing it in a 250ml beaker
and adding sufficient quantity of staining solution.

13) Keep at room temperature for an hour.

14) Destain the strips by occasional rinsing in the destaining solution until
background of paper is clear.

15) Fix the paper strips in fixtaive solution for 10 minutes.

16) Dry the paper strips at about 80°C for 10 to 15 minutes.

Fractionation of serum proteins by Agaroege gel electrophrosis :

Principle: Same as for paper electrophoresis.
Reagents :

1) Veronal buffer.
2) Staining solution.
3) Fixtative solution.
4) Destaining solution.
5) Dehydrating solution.
6) Agarose.
Requirements :
1) Whatmann no.1 filter paper.(used to connect glass slides)
2) Electrophoresis apparatus.
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3) Glassslides.
4) Petridishes.
5) Capillary tubes.

1) Veronal buffer : Composition, method of preparation and storage same as in
paper electrophoresis.

2) Staining solution:
Composition:
Amidoblack-1g.

7% VIV actetic acid upto-100ml.

Method of preparation : Dissolve 1g amido black in 75ml of 7%v/v
acetic acid and dilute to 100ml with 7%v/v acetic acid solution.

3) Fixtative solution:
Composition:
Isopropanol - 75parts.
Distilled water - 25parts.
Glacial acetic acid - 5parts.
4) Destaining solution :
7% vlv acetic acid.

5) Dehydrating solution :
Acetone - 90parts.
Distilled water — 10 parts.

Power

— supplier

Buffer Tank ———

Fig.2-6 Agarose gel electrophoresis
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Procedure :

1) Melt200mg of agarose in 20ml of veronal buffer by boiling for 2-3 minutes.

2) Pour 2.5ml of molten agarose on the glass slides to form the layers of gel.
3) Cutslots on the layer across the middle of the slides.

4)  Apply 2-3 ml of serum on the sample line by means of capillary tube.
5) Keep theslides in the buffer tank.

6) Add 100ml of veronal buffer in anode and cathode compartments.
7)  Connectthe slides by means of filter paper strips.

8) Puton the power supply.

9) Setthe voltage of 200v for five slides.

10) Put off the power supply after 3hours.

11) Fixthe slides infixative solution for halfan hour.

12) Dehydrate them in dehydrating solution for 4 hours.

13) Keep the slides in incubator overnight.

14) Stain the slides in staining solution for 1hour.

15) Destain in destaining solution until background becomes clear.
16) Dry atroom temperature.

17) Determine protien fractions using densitometer.

Fractionation of serum lipoproteins by Agarose gel electrophoresis:

Clinical significance: Lipoproteins are-
1) Chylomicrons
2) VLDL(Very low density lipoproteins)
3) LDL(Low density lipoproteins)
4) HDL (High density lipoproteins)

Hyper lipidaemia or Hyper lipoproteinaemia:-
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In hyper lipoproteinaemia, serum lipids are increased above normal. There
are two types of hyper lipoproteinaemia.

1) Primary dyslipoproteinaemia.
2) Secondary dyslipoproteinaemia.
Primary dyslipoproteinaemia:

Primary dyslipoproteinaemia is due to inherited defective lipoprotien
metabolism.

These conditions are classified into -

Type Class

a) Hyper chylomicronaemia. I,V
I

b) Hyper low density lipoproteinaemia.

c) Hyper lowdensity dyslipoproteinaemia. and
very low density dyslipoproteinaemia. "

d) Hyper very low density lipoproteinaemia. v

Secondary dyslipoproteinaemia:

Secondary dyslipoproteinaemias are result of some underlying disorder.
They manifest as increased plasma triglyceride level, increased serum cholesterol
level or increase in both . HDL may be normal or decreased. Some of secondary
conditions are -

1) Diabetes miletus.

2)  Alcoholism.

3) Hypothyroidism.

4) Renalfailure.

5) Nephrotic syndrome.

6) Liverdisease etc.
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According to Fredrickson, hyper lipoprotienaemias are divided into six

phenotypes.

Type Serum Clinical conditions

Type-1 . Milky with Xanthomas,
Heavy chylomicron band  Hepatosplenomegaly

Type-lla Clear Xanthomas, increased
Heavy betaband, high incidence of
Cholesterol. atherosclerosis.

Type-llb Clear Xanthomas, increased
Heavy beta, incidence of
Slightly increased atherosclerosis
prebeta & T.G.

Type-Ill Turbid and may be Impaired glucose
atsurface broad beta&  tolerance, Atherosclerosis
Prebeta.

Increased cholesterol &
triglyceribes.

Type-1V Turbid,

Nochylo microns Xanthomas,

Increased prebetaband. Increased Uric acid
and impared glucose
tolerance

Type-VTurbid, Nochylomicrons Hepatosplenomegaly
Increased Acute relapsing pancreatitis-
Prebetaband.
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Principle:- Same as for electrophoesis of proteins.

Requirements: Same as for fractionation of serum proteins by agarose gel
elctrophoresis.

Reagents: 1) Veronal buffer:- Same as in electrophoresis of proteins.
2)Staining solution:
Composition:

Sudan black-1g.

60% v/v ethanol- up to 100ml.

Method of preparation: Dissolve 1g of sudan black in 75ml of 60% v/v ethanol
and make up to 100 ml. with 60% V/V ethanol.

3) Destaining solution: 50% v/v ethonol.

4)Fixative solution:

Composition:

Isopropanol-70parts..

Distilled water-25parts.

Glacial acetic acid-5parts.
5)Dehydrating solution:
Composition:-

Acetone-90parts.

Distilled water-10 parts.
6) 40% sodium hydroxide solution:
Composition:

Sodium hydroxide-40g.

Distilled water up to-100ml.

Method of preparation :
Dissolve 40g of sodium hydroxide in 75ml of distilled water and dilute to
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100ml with distilled water.
7)Agarose

Procedure: up to 10" step, same as for fractionation of serum proteins by agarose
gel electrophoresis (up to electrophoretic run).

11) Fix the slides in fixative for 30minutes.
12) Keep the slides in dehydrating solution for 4 hours.
13) Dry in incubator at 37°C.

14) Stain in staining solution for Lhour. Add 1drop of 40% NaOH in stain before
use.

15)Destain in destaining solution for about 10minutes and dip in tap water till
back ground is clear.

Summary

Chromatography is a method of analysis by which components of a
mixture are separated by redistribution of molecules of mixture between two or
more phases. It is used for purification, separation and preparation purposes.
Phases in chromatography are Stationry phase and Mobile phase. One of the
methods of classification of chromatographic techniques is based on state of
matter of stationary and mobile phases. Another method of classification is based
on principles. General classification contains different well known methods.

Different principles of chromatography are adsorption, partition , ion
exchange, exclusion. Diagnostically important method of chromatography is paper
chromatography, which is used for separation of serum amino acids. Other
methods are also clinically useful.

Electrophoresis is the phenomenon of migration of colloibal particles
towards positive or negative electrode under the influence of electrical field.
Based on the presense or absence of stabilising medium,these methods are
classified into-

1) Free solution method. 2) Zone electrophoresis
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Examples of stabilising media are paper, starch, agarose etc. Electrophoresis
is used for fractionation of proteins and lipo proteins for clinical purposes. Types
of serum proteins are —Albumin, a1 globulin, a2 globulin, b-globulin and &
globulin. Types of lipoproteins are Chylomicrons, LDL, VLDL and HDL.

Essay questions

1)  Define chromatography. Add note on different methods of classification.

2)  Write about column chromatography.

3)  Write about different aspects of thin layer chromatography.

4)  Explain paper chromatography.

5) Describe HPLC.

6) Define Gas chromatography. Explain different aspects of Gas
chromatography.

7)  Classify electrophoretic methods and write about stabilising media.

8)  Wirte the clinical significance, principle, requirements & procedure of
fractionation of serum proteins by paper electrophoresis.

9) Explain in detail about fractionation of serum proteins by agarose gel
electrophoresis.

10) Write about fractionation of serum lipoproteins by agarose gel
electrophoresis including clinical significance.

Short answer questions
1)  Define chromatography.
2)  What are the phases in any chromatographic procedure?
3)  What is adsorption chromatography ?
4)  Describe the column used in column chromatography.
5)  Name the two methods in paper chromatography.
6) Exemplify some adsorbants used in column chromatography.
7)  Whatare different classes of adsorbants used in column chromatography?
8)  Name different types of TLC based on principles.
9)  Mention different applicators used in TLC.
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10)
11)
12)
13)
14)
15)
16)
17)
18)
19)
20)
21)
22)

23)
24)
25)
26)
27)
28)

29)
30)
31)
32)

33)

Give the formula for calculation of Rf value.
Write the composition of paper used in paper chromatography.
Classify stationary phase liquids in paper partition chromatography.
What are applications of paper chromatography?
Give full forms ofa) HPLC b) TLC ¢) GLC d) GSC
What are the requirements of carrier gas in Gas chromatography?
Define electrophoresis.
Mention the factors influencing electrophoresis.
What are the methods of electrophoresis?
What is free solution method of electrophoresis?
Define zone electrophoresis.
Mention any 4 supporting (stabilising) media.
Howdo you locate following componets
a) Proteins
b) Radio active substances.
Write the clinical application of electrophoresis.
Mention plasma proteins and their normal ranges.
What are serum proteins ?
Write the pattern of proteins in Nephtrotic syndrone.
What is the pattern of proteins in multiplie myeloma?
Write the sequence of serum proteins in descending order of fastness after
paper electrophoresis.
Mention the classes of lipoproteins.
What is primary dyslipoproteinaemia?
Define secondary dyslipoproteinaemias.
What are the supporting media used in

a)paper electrophoresis

b)agaroegel electrophoresis
Write the composition of fixative solution used in electrophoresis of serum
lipoproteins by Agarosegel electrophores.

69



11 - IMMUNO ASSAYS

DEFINITION , BASIC PRINCIPLES OF IMMUNOCHEMICAL
REACTIONS AND IMMUNO ASSAYS

Immunoassays are specialised tchniques of analysis based on antigen -
antibody reaction . Radioimmunoassay and Enzyme linked immunosorbent assays
are used as techniques of diagnosis . RIA is based on immunological reaction
invcolving use of radio isotopes/ radiopharmaceuticals . RIA is based on setting
up competition between radioactively labelled substance and unlabelled
substance to bind with specific antibody developed for the purpose. There
is inverse relation existing between quantities of labelled and unlabelled
substances.ELISA is based on immunological reaction involving use of enzyme
. In ELISA antigen antibody reaction takes place and enzyme labelled specific
antiglobulin is added which attaches to antigen - antibody complex . Unattached
antiglobulin is washed away . Enzyme substrate is then added which is then
acted upon by attached enzyme, which produces a colour whose intnsity can be
read colorimetrically . Peroxidase or phosphatase can be used as enzyme in
ELISA incommon . Intensity of colour produced is proportinal to amount of
enzyme attached and thus to the amount of antibody in test serum .

1-RADIO IMMUNO ASSAYS (RIAS)
Introduction to radio activity :

Radioactivity was discovered in 1896 by Henry Becquerel, a french
Physicist. The discovery was very accidental. Radio activity finds application
in Medicine. Radio isotopes are used in diagnostic procedures as well as in
treatment. Radioactive substances used in diagnostic procedures and
therapeutic purpose are called as radio pharmaceuticals. Radiation emitted
by radio pharmaceuticals is also used for sterilisation purposes.In India, Bhabha
Atomic Research Centre (BARC), located at Mumbai is in the task of producing,
quality control, storage in bulk, packing the the isotopes into ready usable dosage
forms.Its ancillary distributing centre is established at Kolkata.

Radioactivity: Radio activity is defined as spontaneous emission of radiation
by elements with atomic number more than 83.There are about 40 radioactive
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elements which are arrnaged into families like Uranium series, Thorium series
and Actinium series.

Radioactive transformation : Radioactive transformation is the process of
transformation of an unstable nucleus into another nucleus by disintegration of
the original nucleus.
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Fig. 3-1 Deflection of radio active radiations in magnetic field
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Fig.3-2 Deflection of radio active radiations in electrical field

Classification of radiations from a radioactive substance:

Radiations emitted from a Radioactive substance are three types.
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1) Positively charged a- particles.
2) Negatively charged - particles.
and  3) Uncharged o rays.

This classification is based on the behaviour of these radiations in the magnetic
and electrical fields.

Curie : Curie is the unit of radioactivity which is the amount of any radio active
substance undergoing 3.7 x 10'° disintegrations persecond. It is denoted by
‘Ci.

Kilocurie : Kilocurie is the amount of any radioactive substance undergoing
3.7x10% disintegrations per second. It is denoted by ‘KCi’.

Millicurie : It is the amount of any radio active substance undergoing
3.7 x 107 disintegrations per second. It is denoted by ‘mCi’.

Micro Curie : Itis the amount of any radioactive substance undergoing 3.7 x 10*
disintegrations per second. It is denoted by ‘mCi’.

MeV : Itis the unit of radiation energy. (Million electron volt).
Rad : Rad is the unit of sterilising dose.

It is the amount of ionising radiation from any source delivering 100 ergs
of energy per gram of absorbing material.

Half life period : Time taken for disintegration of 50% of the total atoms present
in a radio pharmaceutical substance to take place is called as its half life
period. Itis denoted by “T’ and it differs from substance to substance.

ex: 1) Half life period of ©°Co is 5.25 years.
2) Half life period of ¥'Cs is 30 years.

Decay constant : Decay constant is another characteristic parameter to describe
the activity of a radioactive element. It is denoted by ‘1 and relation between
half life period and decay constant is inverse.

‘1’=0.693 /T
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Biological half life :

Time taken for 50% of the administered radio pharmaceutical to be
eliminated from the body is called as biological half life.

Isotopes :Isotopes are the atoms of same element with same atomic number
but differing mass numbers.
: 1 2 3
ex: 1) H, 4H ‘ and °H
20 21 22
2) < oNe, =, ,Ne and < Ne

Isobars : Isobars are the atoms of different elements with same mass number.
They have differing atomic numbers.

- 40 40
Ex: *0,4K, and *,,Ca

Isotones : Isotones are the atoms with nucleui having same number of neutrons,
but differing number of protons.

Ex: Silicon and Phosphorous have same number of neutrons (19) but
differing number of protons (Si-14 and P-15).

Measurement of Radio activity:

Radio activity is measured using different instruments.
1) lonisation chambers 2) Proportional counters
3) Geiger-Muller counters 4) Scintillation coutners
5) Auto radiograph

Radio Pharmaceuticals :

Any nuclide, which is not radio active in nature is stable. Radioactive nuclides
/ 1sotopes do not have stability and undergo spontaneous nuclear change in
order to attain stability by emitting radiation. They are of two types. 1) Natural
radio nuclides 1) Artificial radio nuclides. Natural radio nuclides are high
atomic weight elements of Uranium series, Thorium series and Actinium series.
Artificial radionuclides are prepared by irradiation of suitable material with
neutrons in a nuclear reactor.
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Ex: 69Co, 32P and 131

Both natural and artificial radionuclides can be used for labelling other
compounds.Each radio nuclide disintegrates at a characteristic
electromagnetic radiation. Disintegration rate, half life and type of radiation
emitted are characteristic of radionuclide.

Requirements of radiopharmaceuticals :
1) They should have relatively short half-life.
2) They should emit grays rather than a or b-particles.
3) Energy of a radio isotope should be between 30 to 300 KeV.
4) They should have organ specificity.
5) They should follow first order kinetics.
6) They should be easily eliminated.
7) They should be easily available.
8) They should be cheap.
9) They should be easily produced.
Applications of radioisotopes:
Radio isotopes have applications in medicine for-

1) Diagnostic procedures
2) Therapeutic purpose
3) Sterilisation

1) Radio Isotopes used in diagnostic procedures:

Radio Isotopes on introduction into body emit radiation, which is
subsequently measured, thus acting as tracers.

Radio isotopes in diagnosis can be further classified into:

a) Radio Isotopes used in the diagnosis of liver functioning tests : These
are used in the diagnosis of liver functioning.

Ex: 9MTc sulfur colloid, 131, %MTc disofenin,
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9mTe Sulfur colloid (Sc) : Its biological half life is 6 hours. On intravenous
injection of ®°™Tc Sc in the usual dose (adults) of 5 to 8 mCi locates
mainly in reticuloendothelial cells of liver, spleen and bone marrow. It
accumulates mainly in tumours and other lesions.

lodine 131 (*311) : Sodium rose bengal, a reactive dye labelled with 1311 on
I.V. administration accumulates in polygonal cells of liver. Its half life is
8.06 days. Its usual dose is 2-3 m Ci/Kg. Its renal excretion indicates
impaired liver functioning. Normal route of its excretion is faeces.

9¥mTc disofenin : It is useful in diagnosis of acute cholecystitis associated
with cystic duct obstruction. Its usual dose is 2 to 15 mCi.

b) Radio isotopes used in the diagnosis of Renal functioning:
These are used in the diagnosis of kidney functioning.

Ex: 9mTc DMSA (Dimercapto succinic acid), ®™Tc glucoheptonic acid,
9mTc DTPA(Diethylene triamine penta acetic acid), 3!l
orthoiodohippurate sodium.

9¥mTc DMSA : It is used to assess renal parenchyma. It will distinguish
between normal anatomy and abnormal anatomy. Renal tumours and cysts
can be identified with this compound. It should be used within 30 minutes
after preparation and usual adult dose is 2 to 6 mCi.

9mMTe Glucoheptonic acid : On 1.V. injection it is useful in assessing shape,
size and position of kidney and identificaton of kidney lesions. on 1. V.
injection, it concentrates in renal parenchyma. Its usual adult dose is 10
to 20mCi.

9¥mTc DTPA (Diethylene triamine penta acetic acid)

Itis used in evaluation of renal vascular integrity. Unperfused regions indicate
renal cysts. Its usual adult dose is 3 to 5 mCi.

131] Ortho iodo hippurate sodium :

It is useful in diagnosis of renal functioning by measurement of
concentration of 1311 in each kidney after injection. Abnormal functioning
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of kidneys is indicated by inequalities in concentration. Average dose is 3
to 5 mCi/Kg where as maximum dose is 350 mCi.

¢) Radio Isotopes used in the diagnosis of cardiac functioning :

They are used to evaluate cardio vascular functioning. These studies are
two types - static and dynamic. Static scan lolalises the site of myocardial
infarction where as dynamic scan evaluates cardiac functioning.

Ex: 291TICI (Thallous chloride 201), °°™Tc pyrophosphate etc.

20ITICI : Its half life is 73 hours. It is used for diagnosis of myocardial
ischaemia. Its dose is 1 to 2 mCi.

d) Radio Isotopes used in the diagnosis of pulmonary functioning :
Two types of scans are conducted for evaluation of pulmonary functioning
with use of radio isotopes. They are-
1) Lung perfusion scans.
2) Ventilation scans.

Lung perfusion scans are useful in the diagnosis of pulmonary embolism while
ventilation scans are useful in differentiation of pulmonary embolism from
chronic obstructive pulmonary disease (COPD).

Ex: TC macro-aggregated aloumin (MAA), 133Xe (Xenon 133).

9mMTc MAA : It contains spheres of denatured human albumin labelled with
9mTc, For lung perfusion scan, particles enter the lungs carried through
pulmonary arteries. Impaired lung perfusion is indicated by abnormal
distribution patterns. Half life period is 14 to 15 hours. Usual dose is 1 to
4 mCi of 60,000 to 1,20,000 particles.

133Xe (Xenon 133) Gas:

Xenon 133 is administered with the help of spirometer or a special
breathing apparatus. In COPD. There is delay in ventillation and radio
active gas trapping. Its half life period is 5.3 days. Usual adult dose is 10
to 15 mCi.

e) Radio -isotopes used in the scans of skeletal system:
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Bone scans are helpful in diagnosis of cancer with metastases. Bone scans
are more sensitive than radiography.

Ex : 9MTc methylene diphosphate (*®™Tc MDP). Its usual dose is 10 to 20
mCi.

) Miscellaneous:

Na 12| (Sodium lodide 123) : It is used in thyroid functioning studies,
imaging studies of thyroid, liver, brain and lungs. Half life is 13.2 hours.
Usual adult dose is 100 to 400 mCi.

67Ga (Gallium citrate - 67) :It is used in detection of lymphomas, hepatoma
etc. Its half life is 78 hours. Usual dose is 2 to 10 mCi.

11In Oxy Quinoline : Itisused in labelling of blood cells. Half life is 2.8
days, Its usual dose is 1 mCi.

2) Radio-isotopes used for therapeutic purpose : Radio pharmaceuticals have
applications in medicine for treatment of cancers, hyperthyroidism etc.
These substances on administration into the body give out radiation which
cause ionisation in the cells. It causes disruption in the cellular metabolism
and ultimately leading to cell destruction.

Ex: Na'3l, Sodium phosphate 2P, Radio Gold (*®Au)

Na'3l (Radio lodine) : Itis used in Thyroid Carcinoma in the oral dose of
100-200 mCi. Follicular carcinoma can be destroyed by this therapy.
Therapy with radioiodine combined with surgery gives excellent results.

Sodium Phosphate 32P : It emits b-particles. It is used in the treatment of
polycythaemiavera alone or combined with phlebotomy. Its oral dose is
5-6 mCi and 1.V. dose is 2.5 mCi. Its half life is 14.3 days.

Radio Gold (**®Au) : It emits low energy b-and o radiations. Radio Gold is
used in treatment of malignant pleural and peritoneal effusions in the dose
of 100-150 mCi. It is also used in prostatic and pelvic cancers.

3) Radio Isotopes used for sterilisation :

Radio isotopes are also used for sterilisation due to emission of radiations
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therapeutic purpose, diagnostic purpose and sterilisation.Precautionary measures

have to be taken to prevent harmful effects of radiation. a and b particles, o

rays, protons and neutrons can cause damage. Damage caused by these radiations

depend on different factors such as susceptibility of tissues,dose and penetrating

power. Radio sensitivity differs from tissue to tissue. It also differs from species

to species. Following irradiation, cell death is caused by mitotic inhibition and

failure of reproduction.

Damage caused by irradiation can be divided into two types.

1) Somatic effect : Itaffects cells of skin, mucous membranes of intestines, liver,
bone marrow etc,.

2)Genetic effect : which is concerned with heredetary patterns of species.

Effects of radiation can be acute if the radiation dose is very high and chronic if
the radiation dose is low.

Acute effects of Radiation :

LD, for man is expected to be about 450 - 500 rads .

LD, : Adose which can kill 50% of same population is LD, . Large doses
cause death due to injury to brain.

Delayed effects of Radiation:
They are -

1) Ageing effect: Life span may be shortened.

2) Carcinogenecity: Cancers may be caused.

3) Gonadal effect: Sterility, azo spermia or hypospermia may be caused.

4) Genetic damage:In cells, genetic damage may be caused.

Precautionary measures to be taken to safe guard from the effects of

Radiation:Precautionary measures have to be taken to safe guard the personnel
involved in storage, dispensing, administration, diagnosis and any other concerned
with radio pharmaceuticals from their hazardous biological effects, which are
mentioned in the above paras. In a hospital, or elsewhere, undertaking use of
radio pharmaceuticals, regulations to be followed have been framed by Govt. of

India. They are similar to those framed by atomic energy commission of America.
These regulations in India are being imposed through Atomic energy commission
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by them. Mode of action is both excitation and ionisation.
ex: 80Co, 1¥7Cs
0Co: It emits g radiation which is useful for sterilisation . grrays emitted by
60Co have the energies of 1.33 and 1.17 MeV. Its half life period is 5.25
years.
137Cs : This is a product of disintegration of uranium. It is the major
component of spent fuel rods from nuclear reactors. It has a half life pediod
of 30 years. grays emitted by 13’Cs have the energy of 0.66 MeV.
Effectiveness of grrays over organisms:
a) Gram negative organisms are more sensitive than gram positive
organisms.

b) Sporing bacteria are most resistant.

)

& o 3 i

Fig.3-3 Bhabha Atomic Research Centre, Trombay, Mumbai.

Safety and precautions :

Radiations have hazardous effects if proper care is not taken. Great care
should be taken in storage and handling of radiopharmaceuticals used for
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and isotopes division of BARC, Trombay, Mumbai.

In hospitals using radio pharmaceuticals, radiopharmaceutical committee
has to be formed including radiation physicist, radiologist, internist, haematologist,
a surgeon and other members as decided by the hospital. This committee will
look into the matters ragarding decisive matters on administration of radio isotopes
radio diagnosis, safe handling of radio isotopes and remedial measures in case of
breach of precautionary measures. Aradio isotope administration sheet is also
placed in the medical record of the patient by the doctor prescribing radio therapy
. Itwill consist of precautions to be followed.

Precautions to be taken during Radio therapy :

1) More than one patient undergoing radiotherapy should not be cared at one
time.

2) Patient should be instructed to do bedside working himself/herself.

3) Gloves should be worn while handling patients belongings or touching patient.
4) Plastic apron should be worn during bedside nursing.

5) Utensils cantaining patients excreta should be marked symbol for radioactive.
6) Such utensils have to be flushed with plenty of water.

7) Any draining wound of the patient should be intimated to the doctor concerned
immediately.

8) Linen, dressings, tissues etc. related to the patient have to be placed in yellow
coloured dust bin with lid. It should be marked with radio active marker and
should be shifted to decay area.

9) Visitors should not be allowed for first two weeks. Children and pregnant
women should not be allowed to visit at any time.

Precautions to be taken during storage and handling of radio Pharmaceuticals:
1) Never touch radio isotope with hands. Use forceps.
2) Wear protective clothing / shielding during handling.

3) Keep radiopharmaceuticals in containers shielded by lead bricks and label
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suitably.
4) Check the radio activity regularly.
5) Dispose the radio active materials with great care.
6) Receive the instructions from radiation safety officer.
Precautions in a laboratory conducting radio diagnosis :
1) Wear protective clothing.
2) Wear protective shoes.
3) Take measures for respiratory protection.
4) Use remote pipetting devices.
5) Wear gloves for hands.
6) Label the equipment using radioactive materials.
7) Place the waste in proper container and label.
8) Check the working areas regularly.
9) Maintain good lab practice procedures (GLP).
10) Report any spillages to the radiation safety officer.
11) Do not allow smoking, drinking and eating in the laboratory.

12) Perfom decontamination procedures as directed by the radiation safety
officer.

Hormone assays

Radio Immuno Assay : RIA is a specialised technique among
quantitative analytical procedures and based on immunological reaction, i.e.
antigen-antibody reaction which involves use of radio isotopes. Kits for
determination of various stubstances are prepared and supplied by BARC.

Advantages offered by RIA : Advantages of RIAare -
1) Specificity
2) Sensitivity
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3) Precision and accuracy

4) Simplicity

5) Less time required for assay

6) Direct determination of hormone instead of its excretory products

7) Use of blood specimen instead of urine
Applications of RIA :

Radioimmunoassay is useful in the field of medicine for diagnosis and

clinical studies. It finds application in Pharmacy for Biopharamaceutical

analysis and clinical studies for - determination of hormones, vitamins, cardiac
glycosides etc.

1) This technique is useful for determination of various hormones like
Thyroxine (T,), Trilodothyronine (T,), Human chorionic gonadotrophin
(HCG), Human placental lactogen, Insulin etc.

2) Itis useful for determination of vitamins like Cyanacobalamine
3) Itis useful for determination of cardiac glycoside Digitoxin.
Principle of RIA :

RIA is based on setting up competition between radioactively labelled
substance and unlabelled substance to bind with specific antibody
developed for the purpose. There is inverse relation existing between
quantities of labelled and unlabelled substances.

RIA of Thyroxine (T,) :
Clinical Significance:

Determination of thyroxine is significant in assessment of thyroid
functioning.

Hyperthyroidism : It is clinical condition in which thyroid hormones
are secreted above normal.

Hypothyroidism: It is a clinical condition in which thyroid hormones
are secreted below normal.
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Elevated levels of thyroxine are observed in Hyperthyroidism, Acute
thyroiditis and sub-acute thyroiditis. Low levels of thyroxine are observed in
hypothyroidism, chronic thyroiditis, cretinism and myxoedema.

Requirements :
1) Test tubes
2) Pipettes
3) Centrifuge
4) Gamma counter
5) Incubator
Reagents / solutions in the RIA kit for T,
1) Thyroxine (T,) labelled with 12°I (antigen)
2) Antibody for T,
3) Control sera
4) Poly ethylene glycol
5) Buffer solution
Specimen : Serum
Procedure: 1) Take 24 mL of serum in a test tube.
2) Add 0.4 ml. of antiserum and mix.
3) Add 0.1 ml. of radioactive labelled thyroxine and mix.
4) Cover and incubate for 1 hour at 37°C.
5) Add 2ml. of poly ethylene glycol and mix.
6) Centrifuge for about 10 minutes.
7) Decant supernatant and count using Gamma counter.

8) Perform similarly for different concentrations of control sera and
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count.
9) Determine ratios of Bound hormone (B) to Free hormone (F).

10) Prepare graph with B/F ratios on Y-axis and thyroxine
concentrations on X-axis.

11) Read the concentration of unknown from the graph.
Normal range: 48-115 mg/ml.
Interpretation :

Determination of thyroxine is significant in assessment of thyroid
functioning.

Hyperthyroidism : It is clinical condition in which thyroid hormones
are secreted above normal.

Hypothyroidism: It is a clinical condition in which thyroid hormones
are secreted below normal.

Elevated levels of thyroxine are observed in Hyperthyroidism, Acute
thyroiditis and sub-acute thyroiditis. Low levels of thyroxine are observed in
hypothyroidism, chronic thyroiditis, cretinism and myxoedema.

RIA of Triodo thyronine (T,) :

Clinical significance: Determination of Trilodothyronine is useful in the
diagnosis of hyper thyroidism. It is however, not useful for diagnosis
of hypothyroidism.

Requirements:

Same as for Thyroxine determination.

Reagents/ Solutions : RIAKit for Trilodo thyronine supplied from BARC.
Specimen: Serum

Procedure:

1) Take serum in a test tube.
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2) Add antiserum and mix.

3) Add radio active labelled hormone and mix.

4) Incubate .

5) Add adsorbant .

6) Centrifuge.

7) Decant and count with Gamma counter.

8) Perform similarly for different concentrations of control sera and count.

9) Determine B/F ratios.

10) Plot with B/F on Y axis and T, conc. on X-axis.

11) Read the concentration of unknown from graph.
Normal range 0.7 -2 ng/ml.

Interpretation : Determination of Trilodothyronine is useful in the diagnosis
of hyper thyroidism. It is however, not useful for diagnosis of
hypothyroidism.

RIA of Human Chorionic Gonadotrophin (HCG):

Clinical Significance: 1) It is a hormone produced by placenta of pregnant
women.

2) Itis secreted by gestational, trophoblastic tumours derived from placenta.
High values of this hormone are associated with this condition.

3) Small quantities of HCG are also present in blood of normal non pregnant
women. Significance is unknown.

4) Its determination is significant in monitoring treatment in men with non
seminomatous germinal cell tumours.

Requirements:
Same as in Thyroxine determination.

Reagents / Solutions :
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RIA kit for HCG
Specimen : Serum

Procedure : Same as in T, and T, determinations with the reagents/ solutions
in RIAKit for HCG.

RIA of human prolactin (HPRL) :
Normal range: 5-18 ng/ml (male) 6-22 ng/ml (female)

1) Main function of prolaction is initiation and maintenance of lactation. Its
levels are increased during pregnancy and post partum.

2) Increased levels are observed after exercise and stress.
3) Itis possibly involved in causing mammary cancer.

4) Its determination is significant in diagnosis of tumours of hypothalamus
and pituitary.

Requirements: Same as for above RIAs.

Reagents: RIA kit for determination of human prolactin.
Specimen : Serum

Procedure:

Same as in above methods with RIA kit for prolactin.
RIA of Human Placental Lactogen:

Reagents: RIA kit for HPL.

Specimen : Serum

Procedure: Same as above methods with RIA kit for HPL.
Normal range:

5-27 weeks -- below 4.6 mg/ml.
28-31 weeks -- 2.4 tp 6.1 mg/ml.
32-35 weeks -- 3.7 to 7.7 mg/ml.

36th week --5.8 - 8.6 mg/ml.
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Interpretation : Its determination is significant in management of complicated
pregnancies. Decrease in HPL is observed five to ten days before
abortion

RIA of Insulin :
Clinical significance:

Insulin is a hormone produced by b-cells of Islets of langerhans of
pancreas. It is concenred with carbohydrate metabolism.It enhances utilisation
of glucose by cells thus decreasing the glucose levels in blood. Deficient and
absent secretions of this hormone causes raised blood sugar levels. When
this crosses 180mg/100ml, glucose gets excreted in urine. Condition of raised
blood sugar levels above normal is called as Hyper glycaemia and appearnace
of glucose in urine is called as Glycosuria. Blood sugar level of 180 mg%
above which glycosuria occurs is called as renal threshold for blood sugar.
Hyperglycaemia and glycosuria occur in diabetes miletus. Excessive secretion
of Inslulin causes lowered blood sugar levels below normal called as
Hypoglycaemia.Determination of serum insulin levels is significant in diagnosis
of diabetes miletus and insulinoma. Normal ranges of post glucose insulin
levels.

S.No. Time interval Insulin levels
1 0hr. 4-24 mcU/ml.
2 1/2 hr. 25-231 mcU/ml.
3 1hr. 18-276 mcU/ml.
4 2 hrs. 16-166 mcU/ml.
5 3 hrs. 4 - 38 mcU/ml.

Reagents / Solutions :
RIA kit for determination of insulin
Specimen : Serum

Procedure: Same as in above methods with RIA kit for insulin.
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Clinical interpretation :

Insulin is a hormone produced by b-cells of Islets of langerhans of
pancreas. It is concenred with carbohydrate metabolism.It enhances utilisation
of glucose by cells thus decreasing the glucose levels in blood. Deficient and
absent secretions of this hormone causes raised blood sugar levels. When
this crosses 180mg/100ml, glucose gets excreted in urine. Condition of raised
blood sugar levels above normal is called as Hyper glycaemia and appearnace
of glucose in urine is called as Glycosuria. Blood sugar level of 180 mg%
above which glycosuria occurs is called as renal threshold for blood sugar.
Hyperglycaemia and glycosuria occur in diabetes miletus. Excessive secretion
of Inslulin causes lowered blood sugar levels below normal called as
Hypoglycaemia.Determination of serum insulin levels is significant in diagnosis
of diabetes miletus and insulinoma. Normal ranges of post glucose insulin
levels.

S.No. Time interval Insulin levels
1 0hr. 4-24 mcU/ml.
2 1/2 hr. 25-231 mcU/ml.
3 1hr. 18-276 mcU/m.
4 2 hrs. 16-166 mcU/ml.
5 3 hrs. 4 - 38 mcU/ml.

RIA of digitoxin :

Digitoxin is a cardiac glycoside obtained from the leaves of digitalis
purpurea belonging to family scrophulaureaceae.

Requirements : Same as in above methods.
Reagents/ solutions : RIA kit for digitoxin.
Specimen: Serum

Procedure:

Same as in above methods with RIA kit for digitoxin.
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Effective therapeutic levels in serum: 1-2 ng/ml.

Clinical significance: Digitoxin is cardiactonic. Itis used in congestive cardiac
failure and other cardiac disorders. Its determination in blood is useful for
monitoring the therapy. Its bio-pharmaceutical analysis gives the
cardiologist with very useful clinical data for effective cardiac care.

RIA of cyanacobalamin (B,,) :

Cyanacobaiamin is a water soluble, crystalline substance and red in
colour. It contains metalloporphyrin nucleus and cobalt. Its molecular weight
is about 1500. Its detrmination in serum is useful in clinicalstudies , quality
assurance and progress of vitamin B, , therapy in defficiency conditions .

Daily requirement: 1 mg/day

Reagents / Solutions:

RIA kit for cyanacobalamin.

Specimen: Serum.

Procedure : Same as in above procedures with RIA kit for cyanacobalimin.
Clinical significance:

1) It is essential for formation and maturation of red blood cells. Its
deficiency causes pernicious anaemia.

2) It plays important role in the synthesis of nucleic acid. Its deficiency
causes disturbed DNA metabolism.

3) Its deficiency also causes hyperglycaemia and its administration can
correct hyperglycaemia caused by its deficiency.

4)Its deficiency also causes atrophy of mucosal membranes, inflammation
of tongue, mouth etc.

2- ENZYME LINKED IMMUNO ASSAYS,
description of instruments used in these assays

Definition : Enzyme linked immunosorbent assay is a method of qualitative

identification and quantitative determination based on antigen - antibody
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reaction . It is used for serological diagnosis in microbiology and
quantitative determinations in biochemistry.

Advantages of ELISA : 1. It povides more sensitivity than other serological
and quantitative methods.

2. It provides more specificity than other serological
and quantitative methods .

2. It can be done using a single serum dilution .
3. It can be automated .

Applications of ELISA :  Enzyme linked immunosorbent assay is used for
serological and quantitative determinations. It can be used in biochemistry , serology
, parasitology and for several purposes requiring more sensitivity and specificity
over other methods . Hormones determined by ELISAare T,, T,, TSH, LH,
FSH , Prolactin, hCG and hGH etc . Enzymes determined by ELISA are
Lipase , Amylase etc. It is also useful in diagnosis of toxoplasma , rubella ,
herpes simplex virus , HIV , HBsAg, tuberculosis , Rabies virus , Measles virus
, Mumps virus , parasitic diseases like amoebiasis ,echinococcus etc . It is also
used to identify tetanus toxin antibodies , meningitis, rotavirus , brucella, candida
albicans etc .1t is also used to identify autoimmune diseases .

Instrumentation : ELISA technique depends on determination of absorbance
readings . It can be done using spectrophotometer or ELISA reader .
Theseinstruments are constructed with light source , filter / monochromator ,
cuvette , detector and galvanometer .

Determination of T, by ELISA technique :

Principle : Peroxidase labelled thyroxine competes with thyroxine hormone in
biding with thyroxine specific antibodies . Amount of antibody - thyroxine - POD
complex is a measure of thyroxine concentration of the sample . This complex on
addition of hydrogen peroxide and chromogen forms a colored complex whose
colour intensity is directly proportional to the concentration thyroxine of hormone
. Comparision of absorbance in the test sample with that in the control serum by
plotting a calibration curve using different dilutions of control serum gives the
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value of thyroxine hormone in the specimen .

Requirements : 1.Pipettes
2 .Test tubes
3. Centrifuge
4. Spectrophotometer/ ELISA reader
5. Incubator

6. ELISA kit containing thyroxine - POD conjugate , substrate
buffer and control sera

Procedure : 1. Add control sera to vials coated with antibody.
2. Add patient’s serum to another vial coated with antibody .
3. Incubate the vials for 2 hours at 20 - 25°C. 4,
Aspirate vial contents . Discard and rinse vials with tap water
5. Add substrate buffer solution in each vial .
6. Mix and incubate for one hour at 20 - 25°C.
7. Set the absorbance to zero against blank .
8. Take the readings of absorbance of test and standards . 9.

Plot standard graph with absorbances of standards on Y axis
and concentrations on X axis .

10. Take the value of T, in test serum from standard graph .

Summary

Radio activity is spontaneous emission of radiation by elements with atomic
number more than 83. Different radiations emitted by radio active substance are
a-particles, b-particles and grrays. Radio isotopes are used for 1) Diagnostic
procedures 2) Therapeutic purpose and 3) Sterilisation

Radio immunoassay is a specialised technique among quantitative analytical
procedures based on immunological reaction (antigen - antibody reaction), which
involves use of radio isotopes. Radio immunoassay is useful in diagnosis and
clinical studies.
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Precautionary measures have to be taken to prevent harmful effects of radiations.
Precautions have to be taken during radio therapy, storage and handling of radio
pharamaceuticals and during radio diagnosis.

Enzyme linked immunosorbent assay is used for serological and quantitative
determinations. Enzyme linked immunosorbent assay is used for serological and
quantitative determinations. It can be used in biochemistry , serology , parasitology
and for several purposes requiring more sensitivity and specificity over other

methods.
Essay Questions

1)  Define Radio activity and different units related to Radio activity.

2)  Whatare the applications of radio isotopes? Write about their applications
in diagnostic procedures.

3)  Mention requirements of radiopharmaceuticals.

4)  Write about the applications of radio-isotopes in therapeutics and
sterilisation.

5)  Defineradio immunoassay. Write the advantages, appliccations and principle
of RIA.

6)  Describe RIA of Thyroxine (T,) hormone.

7)  Write about determination of Triodothyronine (T,) by RIA.

8)  Giveashort note on biological effects of radiation.

9)  Write about the precautionary measures to be taken during radio therapy.

I0) Discuss the precautions to be followed during storage and handling of
radioisotopes and radio diagnosis.

11) Writethe ELISAOf T,

Short Answer Questions

1)  Define Radio activity.

2)  Whatis meant by Radio active transformation?

3)  Mention different radiations emitted by radio active substances.
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4)
5)
6)
7)
8)
9
10)
11)
12)
13)

14)
15)
16)
17)
18)
19)

20)
21)
22)
23)
24)

Define Curie.

What is half life period?

Define MeV.

What is decay constant?

What is meant by biological half life?

Define isotopes and exemplify.

What are radio isotopes?

Wrire the definitions of a) Isobars b) Isotones

Exemplify some radio isotopes used in diagnosis of hepatic functioning

Give a few examples of radio isotopes used in the diagnosis of renal
functioning.

Mention a few radio isotopes used in therapeutics.

Mention radio-pharmaceuticals used in sterilisation.

Write the advantages of RIA.

Write the principle of RIA

Define a) Hyper thyroidism b) Hypo thyroidism

What are the normal ranges of

a) Thyroxine (T,) b) Tri iodothyronine (T ).

Write the clinical significance of RIA of Human placental lactogen.
Mention normal ranges of postglucose values of insulin.

What is cyanacobolamin?

What are different instruments used to measure radioactivity?

Name the agencies imposing regulations regarding radioactive substances
inIndia.

25 ) Write the full forms of RIAand ELISA.
26) Write the principle of ELISAOf T,
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IV - METABOLISM

Metabolism : Metabolism of a substance is defined as series of biochemical
reactions occuring within the living organism from the time of incorporation until
its excretion .Metabolism consists of anabolism and catabolism .

Anabolism : Anabolism or synthesis is defined as seriesof biochemical reactions
involved in the process of synthesis of larger molecules from smaller ones
Catabolism : Catabolism or analysis is defined as series of reactions involved in
the process of breakdown of larger molecules into smaller ones for supply of
energy .

Energy metabolism : There will be continuous exchange of energy between living
body and its surrounding environment . It is in accordance with the principles of
thermodynamics as applied to physical and chemical processes in non living
things . This energy exchange is based on first law of thermodynamics which
states that energy is neither gained nor lost when it is converted from one form to
another form . These forms are chemical, electrical , mechanical , thermal etc .

Unitof energy : Itis mainly calorie .1t is defined as amount of heat energy which
can raise the temparature of 1 g. of water from 15°C to 16°C. Amount of heat
can also be expressed as joule .

1 kilocalorie =4.19 kilojoules
Uses of energy in body : Energy obtained from food sources is used in body for
several purposes such as -

1. Synthesis of protoplasmic constituents like D.N.A., R.N.A. , phospholipids
etc.

2. Functioning of different organs like heart , kidneys etc.

3. Maintenance of body temparature

4. Generation of electrical potentials in CNS , ANS , heart etc.
5. Transport of substances against concentration gradient

6. Growth and maintenance

Basl metabolism : Energy produced as by-product of cellular metabolism is
essential for sustnance of life . Although there is variation in rquirement of amount
of energy , rate of production of energy in body remains more or less constant
under some standard conditions known as basal metabolism .
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Basal metabolic rate : The rate of production of energy at basal condi-
tions per hour per metre2of body surface area is called basl metabolic rate .Its
normal value in adult male is 40 calories per hour per metre?and 37 calories per
hour per metre 2 in adult female .

1.CARBOHYDRATE METABOLISM -GLYCOLYSISAND TCA
CYCLE

Carbohydrates are converted to monosacharides in the process of
digestion in the digestive system. Mainly they are glucose, fructose and galactose.
They are absorbed from the small intestines into portal circulation. Major function
carbohydrates is release of energy by undergoing oxidation. Carbohydrates are
mainly used by cells in the form of glucose. Especially brain cells use glucose
only. Fructose and galactose are also converted to glucose in liver.

Different metabolic processes undergone by carbohydrates in the body are
1. Glycogenesis : Glycogenesis is the synthesis of glycogen from glucose.

2. Gluconeogenesis : Gluconeogenesis is formation of glucose from non-
carbohydrates as glycerol.

3. Glycogenolysis : Glycogenolysis is the convertion of glycogen to glucose.
Glycogen ---------- > glucose

4. Glycolysis : Glycolysis is the oxidative path way of glycogen or glucose.

5. Citric acid cycle : It is also oxidative pathway of glucose.

6. Hexosemonophosphate shunt is alternative to glycolysis and citric acid cycle
for oxidation of glucose.

Significance of Glycolysis:

Glycolysis is also known as embden - meyer hoff pathway. Glycolysis is anaerobic
degradation of glucose to yield lactic acid. Many organisms extract energy by
this process in the absence of molecular oxygen. It is the most ancient type of
mechanism for obtaining energy from nutrient molecule-glucose.

Most higher organisms retained this anaerobic degradative mechanismand it is
preparatory pathway in aerobic glucose catabolism-citric acid cycle. However

it is selected as an important mechanism for yielding energy in the most of the
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animals when oxygen is not available.
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Diagrammatic representation of GLYCOLYSIS

Obligate or strict anaerobes are the organisms which survive in the absence of
oxygen only.Ex: Denitrifying bacteria of the soil, Clotridum perfringes and
clostridium botulinum use this process for energy. Facultative anaerobes use this
process in absence of oxygen. In presence of oxygen they use this process
followed by oxidation of the products of glycolysis. Facultative anaerobes are
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the organisms which survive in absence of oxygen and also in the presence of
oxygen.

Stages of Glycolysis : There are two stages in glycolysis. In the first stage, glucose
is converted to glyceraldehyde 3-phosphate, a three carbon compound. Inthe
second stage, glyceraldehyde 3-phosphate is converted into pyruvate. This
pyruvate enters citric acid cycle in aerobic conditions. In anaerobic conditions
pyruvate is converted to lactate.

Steps in Ist stage of Glycolysis :

Hexokinase
1)Glucose ~ ---------m-mm-e-- > Glucose 6-Phosphate

ATP ADP

In this step, phsophorylation of D-Glucose to Glucose 6-Phosphate by
ATP takes place. Itis catalysed by enzyme hexokinase.

2) Isomerase
1) Glucose 6-Phosphate ™ -----------=----—- > Fructose 6-Phosphate

In this step, isomerisation of Glucose 6-phosphate to fructose 6-
phosphate takes place. It is catalysed by enzyme isomerase.

Hexokinase
3) Fructose 6-Phosphate  ------------------ > Fructose 1,6-Di-Phosphate

ATP ADP
Aldolase

4) Fructose 1,6-Di-Phosphate ---------- > Dihydroxy acetone phosphate +
Glyceraldehyde 3-phosphate

In this step, Fructose 1,6-Di-Phosphate is broken down to Dihydroxy acetone
phosphate and Glyceraldehyde 3-phosphate (3 carbon compounds). This
reaction is catalysed by enzyme Aldolase.

Steps in 1Ind stage of Glycolysis : Dehydrogenase

1) Glyceraldehyde 3-phosphate(2) + NAD* + Pi --------mmemmmmo >
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3-Phospho glyceroyl phosphate(2) + NADH + H*

In this step, oxidation of Glyceraldehyde 3-phosphate(2) to 3-Phospho
glyceroyl phosphate(2) takes place. Itis catalysed by enzyme Glyceraldehyde
3-phosphate Dehydrogenase.

2ADP 2ATP
2) 3-Phospho glyceroyl phosphate(2) -------------- > 3-Phospho glycerate(2)

In this step, glyceroyl phosphate(2) to 3-Phospho glycerate(2) takes place.
Itis catalysed by enzyme Kinase.

In this step, 2ATP molecules are produced by transfer of phosphates
from 2 molecules of 3-phospho glyceroyl phosphate.

3) 3-Phospho glycerate(2) -------------- > 2-Phospho glycerate(2)

Inthis step, conversion of 3-Phospho glycerate(2) to 2-Phospho glycerate(2)
takes place. It is catalysed by enzyme Mutase.

Enolase
4) 2-Phospho glycerate(2) -------------- > Phospho Enol Pyruvate(2) + H,O

In this step, conversion of 2-Phospho glycerate(2) to Phospho Enol
Pyruvate(2) takes place. Itis catalysed by enzyme Enolase.

Kinase
5) Phospho Enol Pyruvate(2) + 2ADP ---------- > Pyruvate(2) + 2 ATP

Inthis step, conversion of Phospho Enol Pyruvate(2) to Pyruvate(2) takes
place. Itis catalysed by enzyme Kinase.

2 ATP molecules are produced by transfer of phosphates from
Phospho Enol Pyruvate.

6) Pyruvate + NADH + H* ---------- > Lactate + NAD*

In anaerobic conditions, pyruvate is converted to lactate by enzyme lactate
98

dehydrogenase (LDH). In aerobic conditions, pyruvate enters citric acid cycle.

Energy Balance in Glycolysis: 10 ATPs are produced.

2 ATPs are consumed.
Net yield of ATP is 8.

Significance of Tricarboxylic acid cycle :

TCA cycle is acyclic sequence of reactions in which pyruvate formed in
glycolysis is completely oxidised to CO, and H,O.
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Diagrammatic representation of TCA CYCLE
It was postulated by H.A. Krebs in 1937. Its original name is Citric Acid Cycle.

TCA cycle is the common pathway for degradation of two carbon acetyl
residues derived not only from carbohydrates but also from fatty acids and
amino acids. TCA cycle actually takes place in intact cells. It accounts

quantitatively for oxidation of carbohydrates, fatty acids and amino acids.
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Glycolysis releases only a fraction of energy present in glucose molecule.
More energy is released when glucose molecule is completely oxidised to
CO, and H,0, which occurs in TCA cycle.

TCA cycle is both catabolic and anabolic pathway. It also generates
precursors for anabolic pathways. a-keto glutarate and oxaloacetate serve
as precursors of amino acids. a-ketoglutarate and oxaloacetate are
intermediates of this cycle. Citrate can be removed from this cycle and can
be used as precursor of extra mitochondrial acetyl-CoA for fatty acid
biosynthesis. Succinyl-CoA can also be removed from the cycle for
biosynthesis of heme.

Stepsin TCA Cycle :
1) Citrate synthetase

Acetyl -CoA + Oxaloacetate + H,O ------------------- > Citrate + COA

In this step, condensation of acetyl co-A with oxaloacetate takes place. Itis
catalysed by Citrate Synthatase forming Citrate.

2) Aconitase Aconitase
Citrate ---------- > Cis-Aconitate ------------- > |socitrate

In this step, conversion of Citrate to Iso citrate takes place. These catalysed
by enzyme Aconitase.

3) Isocitrate + NAD* (NADP*)  ------- > a-Keto glutarate + CO2 +
NADH (NADPH) + H*

Oxidation of Isocitrate to a-Keto glutarate takes place in this step. It is
catalysed by Isocitrate de-hydrogenase.

4) a-Keto glutarate + NAD* +CoA ----> Succinyl CoA+CO, +NADH + H*

In this step, oxidation of a-Keto glutarate to succinyl CoA takes place. Itis
catalysed by a-Keto glutarate dehydrogenase.

5) Succinyl CoA synthetase
Succinyl CoA + Pi + GDP ----------=---------- > Succinate + GTP +CoA-SH

In this step, deacylatioin of succinyl CoA to succinate takes place. It is catalysed
by succinyl CoA synthetase.

6) Succinate dehydrogenase.
Succinate + E-FAD -----------m-mmmmmm oo > Fumarate + E-FADH,

Oxidation of succinate to fumarate takesplace in this step. It is catalysed by
enzyme succinate dehydrogenase.

7) Fumarase.
Fumarate + H,O ---------------- > L-malate

In this step, hydration of fumarate to L-maleate takes place. It is catalysed by
Fumarase.

8) L-malate dehydrogenase
L-malate + NAD* --------mmmmemomomommeee- > Oxalo acetate + NADH +
H+
Oxidation of malate to oxalo acetate takes place in this step. It is catalysed
by L-malate dehydrogenase.

Oxalo acetate can combine with another molecule of acetyl Co-A to start
another cycle.

Energy Balance inTCA cycle:

TCACycle: 30ATPs are produced.

2- LIPID METABOLISM -b OXIDATION OF FATTY ACIDS

Lipid is extremely important component of diet. Dietary lipids are hydrolysed
to fatty acids and glycerol. Fatty acids are required for energy production as
well as synthesis of phospholipids. Glycerol can enter glycolysis. Free fatty
acid enters mitochondria and undergoes beta-oxidaton of fatty acids.
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Significance of Beta-Oxidation of fatty acids :
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Diagrammatic representation of b - OXIDATION OF FATTY ACIDS

Fatty acids play an extremely important part as energy rich fuel in higher animals
and plants. Triglycerides or tri acyl glycerols have high energy content- i.e. 9 K
cal./g; where as glycogens and starch can yield only 4 K cal./g. Fatty acids are
providing about 40% of energy requirement in man of normal diet. Fatty acids
provide means of energy source in fasting conditions. For hibernating animals
and migrating birds, fatty acids are the sole source of energy. Free fatty acids are
liberated from triacyl glycerols by the action of hormonally controlled lipases.
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They, then bind to serum albumin, and in this form are carried to other tissues for
oxidation. They undergo enzymatic activation in cytoplasm and then enter
mitochondria for oxidation. They are oxidised to CO, and H,O in nearly all
tissues except brain. Some tissues as cardiac muscle procure most of the energy
requirement from oxidation of fatty acids.

Steps of the cycle : It is a stepwise degradation of long chain fatty acids. It is
an oxidative pathway.

1) Activation of fatty acid : Thiolase
RCH, CH,COOH + HSCOA --------- > RCH, CH,COSCOA
Fatty acid Acyl fatty acid

In this step, conversion of fatty acids to acyl fatty acid takes place. It is
catalysed by enzyme Thiolase.

2) Formation of Unsaturated Acyl- CoA :Acyl CoA Dehydrogenase

Y0 R [0l x R0 oY G —— > RCH= CHCO-SCoA
FAD FAD-H

In this step, conversion of acyl fatty acid to a,b unsaturated acyl CoA takes

place. Itis catalysed by enzyme Acyl CoA Dehydrogenase. In this process of

dehydrogenation, hydrogen molecules are taken by FAD forming FADH,.
3) Formation of b-hydroxy-Acyl CoA:

Enoyl-CoA Hydratase
RCH =CH CO - SCOA+H,0 ---------=mmmmeeneev > RCHOHCH,CO-SCOA
b-hydroxy acyl CoA

In this step, conversion of unsaturated acyl CoA to b-hydroxy acyl CoA
takes place by the process of hydration which is catalysed by enzyme Enoyl-
CoA Hydratase.

4) Formation of b-keto-Acyl CoA:  Hydroxy Acyl-CoA Dehydrogenase

RCHOHCH,CO-SCOA --------=--=--=mmmmee- > RCOCH ,CO-SCOA
b-keto acyl CoA
NAD* NADH + H*
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In this step, conversion of b-hydroxy acyl CoA to b-keto acyl CoA takes
place by the process of dehydrogenation which is catalysed by enzyme Hydroxy
Acyl-CoA Dehydrogenase. Hydrogen molecules are taken by NAD".

5) Thiolytic cleavage of b-keto acyl CoA :
b-ketothiolase

RCOCH ,CO-SCOA ---nmrmemmrmmrmemmenen- > RCO-SCOA (acyl-COA)
+

CH3CO-SCOA
(Acetyl coenzyme-A)

In this step, conversion of b-keto acyl CoA to acyl-COA and Acetyl
coenzyme-A takes place by the process of thiolytic cleavage, which is
catalysed by enzyme b-ketothiolase.

Energy Balance in b-oxidation of fatty acids:

Net yield of ATP molecules per molecule of palmitate is 129.
3.PROTEIN METABOLISM - UREACYCLE

Significance of Urea Cycle :

Urea is principal excretory product of protein catabolism. It is water soluble
and has the chemical structure.

/NH2

Most of the higher organisms re-use ammonia derived from the catabolism of
amino acids. However some part is excreted by terrestrial vertebrates in the
form of urea. Urea is a nontoxic compound. This process takes place in the
liver of ureotelic organisms. Organisms which excrete amino nitrogen in the
form of urea will be called as ureotelic organisms. Aquatic animals excrete
amino nitrogen in the form of ammonia. Ammonia is a toxic compound.
Organisms excreting Amino Nitrogen in the form of Ammonia are called as
Aminotelic. Sequence of reactions of leading to formation of urea is called as
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urea cycle. This path way was first postulated by H.A. Krebs and K.Henseleit.
Subsequent research establishing the details of enzymatic steps was done by
S.Ratner and P.P. Cohen. Urea a nontoxic neutral compound formed in the
liver of ureotelic organisms is transported through blood to kidney and excreted
inurine.

Steps: Urea cycle takes place in 1. Mitochondrion and 2. Cytosol
Steps taking place in mito chondrion
1. Formation of Carbamoyl Phosphate

NH,
| |
NH, + CO, + H,0 + 2ATP - > C=0  + 2ADP+Pi
|
O__POH,

(Carbamoyl phosphate)

Ammonia reacts with CO, to form Carbamoyl phosphate. This reaction is
catalyzed by carbamoyl phosphate synthetase. Two molecules of ATP are
required to form each molecule of carbomoyl phosphate.

2. Formation of citrulline NH,

|

C=0

|
NH, NH, NH
C=0 + (CH),  ----- > (CH), + Pi
| | |
O__POH, HC __NH, HC __ NH,

| |
COOH COOH

Carbamoyl L-ornithine L-citrulline
Phosphate

Ornithine formed in the cytosol enters in to Mitochondrion through special
transport system. Carbamoyl phosphate donates its carbamoyl group to
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ornithine forming citrulline. This reaction is catalyzed by ornithine carbamoyl
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Diagrammatic representation of UREA CYCLE
Steps taking place in Cytosol :
Formation of Argino succinate :

Arginosuccinate synthetase
L-Citrulline + Aspartate + ATP ------------------ >Arginosuccinate +AMP+ PPi

Amino group of aspartate condenses with citrulline in the presence of ATP
forming Argino succinate. This reaction is catalyzed by argino succinate
synthetase.

Formation of Arginine :

Arginosuccinate lyase
Argino succinate ------------=--=------ > Arginine + Fumarate

Argino succinate formed in the above step undergoes b-elimination reaction
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in the body forming arginine. This reaction is catalyzed by argino succinate
lyase.

Formation of urea:

Arginine + H,0 ----------- > Ornithine + Urea
Arginine undergoes hydrolysis forming urea and ornithine.
SUMMARY

Metabolism of a substance is defined as series of biochemical reactions
occuring within the living organism from the time of incorporation to until its
excretion Exchange of energy between living body and its surrounding environ-
ment is in accordance with first law of thermodynamics which states that
energy is neither gained nor lost when it is converted from one form to another
form .Energy obtained from food sources is used in body for several
purposes.Rate of production of energy in body remains more or less constant
under some standard conditions known as basal metabolism . The rate of pro-
duction of energy at basal conditions per hour per metre?of body surface area is
called basl metabolic rate .Different metabolic processes undergone by carbo-
hydrates in the body are - 1. Glycogenesis 2. Gluconeogenesis 3.Glycogenoly-
sis4. Glycolysis 5. Citric acid cycle 6. Hexosemonophosphate shunt. Glycolysis
is anaerobic degradation of glucose to yield lactic acid. TCA cycle isa cyclic
sequence of reactions in which pyruvate formed in glycolysis is completely
oxidised to CO, and H,O. Free fatty acid enters mitochondria and undergoes
beta-oxidaton of fatty acids.Sequence of reactions of leading to formation of
urea s called as urea cycle. This path way was first postulated by H.A. Krebs
and K.Henseleit.

ESSAY QUESTIONS

Write the introduction to metabolism .

Explain the significance of glycolysis and write the steps .

Write about significance of TCA cycle and discuss the steps .

Discuss the significance of b - oxidation of fatty acids and also write the
steps.

HowbhRE
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10.
11.
12.
13.

14.
15.
16.
17.

18.
19.

Write the significance and steps of urea cycle.

SHORT ANSWER QUESTIONS
Define metabolism.
What is meant by anabolism and catabolism ?
What is the unit of energy ?
Write any 4 uses of energy in body .
What is basal metabolism ?
Define BMR.
Define a.Glycolysis b. Glycogenolysis
Write the other names of a. Glycolysis
b. TCA cycle
Name the products of first and second stages of glycolysis .
Write the energy balance in glycolysisand TCAcycle.
What is the oxidative path way of fatty acids ?
Define ureacycle.
Define a. Ureotelic organisms
b. Aminotelic organisms.
Name the scientists who postulated ~ a. TCA cycle
b. Ureacycle
What are the reactions of urea cycle in mitochondrion ?
What reactions take place in cytosol leading to formation of urea ?
Name the end products of a. Glycolysis
b. Ureacycle
What are the energy contents of carbohydrates and triglycerides .
Name the enzymes of urea cycle in a.Arginosuccinate formation
b.Arginine formation
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V- TITRIMETRIC METHODS OF QUANTITATIVE
DETERMINATION, PREPARATION OF VARIOUS

SOLUTIONSUSED IN TITRIMETRIC ANALYSIS

Titrimetric methods offer high precision i.e. 1 part in 1000.They are advantageous
over gravimetric methods in several aspects.

Advantages of titrimetric analysis :
1. They offer high precision .
2. They need simple apparatus.
3. They can be quickly performed .

4 . Laborious and difficult separations can be avoided.

Definitions :

Titrimetric analysis or Volumetric analysis :1t is method of quantitative
chemical analysis in which volume of solution of accurately known strength
required to react quantitatively with with solution of substance to be determined
is measured ,when these two substances react chemically.

Standard solution :  Solution of accurately known strength is called Standard
solution.

Titration : Titration is the process of adding standard solution to the substance
being determined until the reaction is just complete.

Theoretical End point : The point at which reaction between the reactants is
just complete in atitration is called theoretical or stoichiometric end point or
equivalance point.Completion of titration should be detectable by some change. It
can be produced by the standard solution itself ( ex-Potassium permanganate)
or by the addition of an auxillary reagent called indicator.

Indicator : Indicator is an auxillary reagent added in a titration process to no-
tice the completion of reaction between the reactants.\When a suitable indicator
is not available for detection of end point, measure of potential between indica-
tor electrode and reference electrode or change in electrical conductivity of the
solution or current passing through the titration cell between indicator electrode
and depolarised electrode at asuitable applied e.m.f. or change in absorbance of
solution can be used for detection of end point.

End point of the titration : The point at which reaction between substance to
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be determined and standard solution is practically complete and it is noticed by
aclear visual change i.e. colour change or formation of turbidity by the addition
of indicator is called End point of titration. . Titration involving measure of po-
tential between indicator electrode and reference electrode for detection of end
point is called Potentiometric titration. Titration involving measure of changein
electrical conductivity for detection of end point of the solution is called Con-
ductometric titration. Titration involving measure of current passing through the
titration cell between indicator electrode and depolarised electrode at asuitable
applied e.m.f for detection of end point the titration is called amperometric
titration.. Titration involving measure of change in absorbance of solution for
detection of end point is called photometric or spctro photometric titration.
Colorimetry and spectrophotometry are dealt in 1st year Biochemistry.
Potentiometry is dealt as a separate chapter in second year Biochemistry.

Burette : Burette is a long and narrow graduated glass tube
from which,standard solution is added to the solution of
substance being determined.

(5 )

Titrant : Reagent of known concentration used in
titrimetric analysis reacting with the solution of
substance to be determined is called Titrant.

Titrand : Substance to be determined is called Titrand.
Requirements for titrimetric analysis :

1 Graduated glassware like burettes,pipettes and 1
volumetric flasks.

2. Substances of known purity for preparation of standard
solutions. Fig.5-1 Titration

3 .Means of detecting end point ( Chemical or instrumental ).

Conditions to be fulfilled by a chemical reaction in titrimetric analysis :
1. It must be a simple reaction and be expressed by a chemical equation.

2. It should be instataeneous.

3. There must be a noticeable change at the end point.

4. An indicator must be available to produce a sharp change at the end point.
Terms for expression of concentrations of solutions : Different terms for
expressing the concentrations of solutions are -molarity , normality and mole.
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mole is the basic unit of quantity adopted by International Union of Pure and
Applied Chemistry (LU.P.A.C.).

Mole : As defined by I.U.P.A.C., “The mole is the amount of substance which
contains as many elementary units as there are atoms in 0.012 kilogram of carbon
- 12.The elementery unit must be specified and may be an atom, a molecule, an
ion, aradical, an electron, or other particle or a specified group of such particles’.

Equivalent : ‘“The equivalent of a substance is that amount of it which, ina
specified reaction, combines with, releases or replaces that amount of hydrogen
which is combined with 3 grams of carbon - 12 in methane 2 CH4.

1 mole of Na,CO,, 10 H,O has a mass of 0. 286004 kg.

1 mole of H,SO, has a mass of 0. 098078 kg.

1 equivalent of Na,CO3, 10 H,O has a mass of 0.143002 kg.
1 equivalent of H, SO, has a mass of 0. 049039 kg.

Normal solution : Anormal solution is defined as a solution containing one
equivalent of a defined species per dm3®according to the specified reaction.
molar solution : Amolar solution is defined as a solution containing 1 mole of a
defined species per dm*

Equivalent of an acid : equivalent of an acid is the mass of it which contains
1.0078 g of replaceable hydrogen.Equivalent of amonoprotic acid like HCI,HBr
or HF is same as mole.Equivalent of a diprotic acid like H,SO, is

haif of a mole.Equivalent of atriprotic acid like H,PO, is 1/3rd of a mole.

Equivalent of a base : equivalent of a base is the mass of it which which
contains 17.008 g of replaceable hydroxyl group (ionisable hydroxyl group or
hydroxyl group) .Equivalent of monobasic substances like NaOH , KOH is
same as mole. But equivalent of a dibasic substance like Ca(OH),,Mg(OH), is
half of amole.

Salts of strong bases and weak acids are alkaline in aqueous medium.A
mole of Na,CO, reacts with 2 moles of Hydrochloric acid and its equivalent is
halfamole.

Equivalent in complex formation reactions & precipitation reactions :

equivalent in complex formation reactions & precipitation reactions is mass of

the substance which contains or reacts with 1 mole of univalent cation M*, 1/2

mole of a bivalent cation M?* and 1/3rd mole of a trivalent cation M**.equivalent
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of asalt in a precipitation reaction is mole divided by total valency of reacting
ion.

Equivalent of an oxidising or reducing reagent : equivalent of an oxidising
or reducing reagent is defined as the mass of reagent which reacts with or contains
1.008 g of available Hydrogen or 8 g of available Oxygen.

Classification of reactions in titrimetric analysis : Reactions in titrimetric
analysis can be broadly classified into 2 categories. They are -

1. Reactions in which there is no change occuring in oxidation state.
2. Reactions in which there is change in oxidation state ( oxidation - reduc
tion
reactions ) involving transfer of electrons.
However, for convinience sake, they can be classified into following categories.
They are -
1. Neutralisation reactions (Acidimetry & alkalimetry ) -
a. Neutralisation reaction reactions in aqueous medium
b. Neutralisation reaction reactions in non-aqueous medium.
2.Complexometric reactions
3. Precipitation reactions
4.0Oxidation - reduction reactions

Primary standard substance : If a reagent is available in the state of high
purity and is suitable for preparation of standard solution is called primary standard
substance.Ex.sodium carbonate,sodium chloride, sodium oxalate,

potassium chloride, potassium dichromate, potassium iodate, potassium hydro -
gen phthalate,benzoic acid, iodine, arsenic oxide etc.

Secondary standard substance : Areagent which is not available in the pure
form , whose content of active substance is found by comparision against a
primary standard and which may be used for standardisation is called secondary
substance.ex. hydrochloric acid, sodium hydroxide, potassium hydroxide,barium
hydroxide, potassium permanganate,sodium thiosulphate etc.

Preparation of Standard solutions : If the reagent is primary standard
substance, solution of definite normality is prepared simply by weighing out an

equivalent or a fraction or multiple, dissolving it in solvent ( usually water ) and
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making up the volume by addition of more of the solvent.In practice, it is prefer-
able to prepare the solution little more concentrated and then to dilute

it to desired normality.
If the reagent is a secondary standard substance as in the cases of
most of alkali hydroxides, some of inorganic acids and deliquescent sub-
stances, solutions of approximate normality required are first prepared and
they are then standardised against a primary standard.
If N, is rquired normality,V, is volume after dilution, N, is the original
normality obtained and V, is original volume then,
N.V.=NV, or V=NV,/N
Volume of water to be added for dilution V is -
V,=(V,_V,)cc.
Calculation in titrimetric analysis : Calculation in titrimetric analysis is
easy with equivalent system. At the end point in a titration, number of equiva-
lents of unknown is equal to the number of equivalents of standard solution.
Number of equivalents
Normality =

Number of dm?

Number of milliequivalens

Number of cm?®

When volumes of two reacting solitions of a titrimetric analysis are V |
and V incm?, normalities of these solutions are N, and N, then.
V,N,=VBN,
V,, Vg, and N being the known factors, NB can be calculated from the
above equation. i.e.,
VANA
VB
ex : Calculate the C.C. of 0.4N HCl required to neutralise 50 C.C. of 0.2 N
- NaOH.
V,= 50C.C. N,= 02

A
V.= xC.C. N,= 0.4
Substituting the values inequation V, N, = V_N,,
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50X0.2 =x X 04

50 X 0.2
X = = 25 C.C.
0.4
Titrations involving neutralisation reactions or Acidimetry & Alkalim-
etry : These reactions involve combination of H* ionand OH - ion to form salt
and water.

Acidimetry : Acidimetry includes titrations of free bases or those formed from
salts of weak acids by hydrolysis with a standard acid.

Alkalimetry : Alkalimetry includes titrations of free acids or those formed by
hydrolysis of salts of weak bases with a standard base.

Neutralisation or acid - base indicators : Indicators used for detection of
end point in acid base titrations are called neutralisation or acid base indicators.
They act as indicators by virtue of possession of different colours according to
Hydrogen ion concentration of the solution.

Colour change interval of indicator : Change of colour from predominantly
acid to predominantly alkaline colour is not sharp and it takes place in a small
interval of pH . This is called colour change interval of indicator.

Given below is list of some indicators, their pH ranges and their colours in acidic
and alkaline media.

S.no. Indicator pH range colour inacid colourinalk
medium -ali medium

1. Methyl orange 3.1-44 red orange

2. Methyl red 4.2-6.3 red yellow

3. Phenolphthalein 8.3-10.0 colourless red

4. Thymolphthalein 8.3-10.5 colourless blue
5.1-Naphtholphthalein 7.3 - 8.7 ye llow blue

6. Quinaldine red 15-25 colourless red
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Preparation of indicator solutions :
Stock solutions of indicators :

General composition :
INDICATOR SUBSTANCE .......ccoceevvveenen. 05-1.0g.
SOLVENT oo UPTO 1L.

Solvent used in indicator solutions : Solvent used in indicator solutions is water
when indicator substance is water soluble like sodium salt. In most other cases
itis 70 - 90 % ethyl alcohol.

1. Methyl orange :

Composition with free acid : free acid of methyl orange................ 0.5¢.

Method of preparation : 1. Dissolve 0.5 g. of freeacid in 1 L of water.
2. Filter the cold solution if a precipitate sepa

- rates.
Composition with sodium salt :
sodium salt of methyl orange ................ 0.5¢g
WALEK ..o 10L
O.LN.HCl oo, 15.2ml

Method of preparation : 1. Dissolve 0.5 g. of freeacid in 1 L of water.
2 .Add 15.2 ml of 0.1 M.HCL
3. Filter the cold solution if nesessary.

2. Methyl red :
Composition : free acid of methylred............. 1g.

Methd of preparation : Dissolve 1 g. of free acid of methyl red in 1 L of hot
water.

or
Composition: free acid of methylred............. 1g.
ethanol ..., 600 ml
WALEE .o, 400 ml
Methd of preparation : 1. Dissolve 1 g. of free acid of methyl red in 600 ml of
ethanol.

2. Dilute with 400 ml of water.
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3. Phenol phthalein :

Composition: phenol phthalein reagent........... 59.
ethanol ..., 500 ml
WALET .o, 500 ml

Methd of preparation : 1. Dissolve 500 g. of reagent in 500ml of water.
2.Add 500 ml of water with constant stirring.
3. Filter if any precipitate is observed.

or
Composition : dry phenol phthalein.................... 1g.
2 - ethoxy ethanol ..................... 60 ml.
distilled water .........cccceovevrnenee. upto 100 ml.

Methd of preparation: 1. Dissolve 1 g. of dry indicator in 60 ml of 2 -
ethoxy ethanol
2. Dilute to 100 ml with distilled water.
4. Thymolphthalein :

Composition : reagent ........c.ccoecevvvvevvereennennn 0.4¢.
ethanol ..., 0.6L.
WALET oo 04L.

Methd of preparation : 1. Dissolve the reagent in 600 ml of ethanol.
2.Add 400 ml of water with constant stirring.
5. 1- Naphthol phthalein :

Composition: indicator ........ccccevevvervenenne. 1g.
ethanol ..o, 05L
WALEl v 05L
6. Quinaldinered :
Composition : indicator .........cccceeevvrvernenn. 1.0¢.
80 % ethanol ..........cccccevveveiniinnnne 100 ml

Method of preparation : Dissolve the indicator in 100 ml of 80 % ethanol.

Mixed indicators : Chief characterstic of acid base indicators is that the colour
change from acid colour to alkaline colour is not sharp . It takes place in asmall
interval of pH called colour change interval. This interval changes widely with
different indicators. It extends over 2 units of pH. However a sharp colour change
can be got by use of a suitable mixture of indicators.

Some examples are given in the following table.
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lindicators mixed Ratio of Colourchange pH at Colour
mixing change

Neutral red 1:1 Violet blue - 7.0 pH

(0.1 % solution in ethanol ) Green

Methylene blue

(0.1 % solution in ethanol )

Phenol phthalein 3:1 Rose - 8.9pH

(0.1 % solution in ethanol ) Violet

1- Naphthol phthalein
(0.1 % solution in ethanol )

Sodium salt of thymol blue 3:1 Yellow - 8.3pH
(0.1% solution in water ) Violet
Sodium salt of cresol red

Screened indicator : Asingle indicator whose colour change is improved by
addition of a pH sensitive dye stuff is called screened indicator.

ex: methyl orange.................. 1.0¢.

xylene cyanol FF.............. 144q.

50% ethanol .................... 500 ml.
Here colour change is from green to grey to magenta. Middle grey stage is at
3.8 pH.

Universal indicators : They are also called as multiple range indicators.
Mixtures of indicators in proportions as to produce colour change over
considerable range of pH are called universal or multiple range indictors. They
are not use ful for quantitative determinations. They are useful for determina-
tion of approximate pH.

ex: phenolphthalein .................... 0.1g.
methylred .......cccooveviene 0.2g.
methyl yellow ...........ccc......... 0.30.
bromothymol blue................ 0.4q.
thymol blue.........ccccovenenee. 0.5g,

sodium hydroxide solution .... until colour is yellow.
Colour changes are given below.
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colour
- red

- orange
yellow
- green
0 - blue

=

= 00 O N
1

Neutralisation curves: Neutralisation curves are obtained by plotting pH as
ordinates and percentage of acid neutralised as abcissae. They are useful for

studying 