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Chapter-1
Introduction

Introduction

Analytical instrumentation is the study of the separation, identification, and
quantification of the chemical components of natural and artificial materials.
Analytical instruments are used in chemical, pharmaceutical, clinical,
food-processing laboratories and oil refineries to analyse materials and establish
their composition.

Fundamental blocks of analytical instruments

The generalized measurement system consists of three main functional
elements. They are:

1. Primary sensing element, which senses the quantity under measurement

2. Variable conversion element, which modifies suitably the output of the primary
sensing element, and

3. Data presentation element that renders the indication on a calibrated scale

Quantity to be
measured
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Primary Sensing Element - The measurement first comes into contact with primary

sensing element where the conversion takes place. This is done by a transducer
which converts the measured quantity into a usable electrical output. The
transduction may be from mechanical, electrical, optical to any related form.

Variable Conversion Element - The output of the primary sensing element is in the

electrical form suitable for control, recording and display. For the instrument to
perform the desired function, it may be necessary to convert this output to some
other suitable for preserving the original information. This function is performed by
the variable conversion element. A system may require one or more variable
conversion suitable to it.

Variable Manipulation Element - The signal gets manipulated here preserving the

original nature of it. For example, an amplifier accepts a small voltage signal as input



and produces a voltage, of greater magnitude. The output is the same voltage but of
higher value, acting as a voltage amplifier. Here the voltage amplifier acts as a
variable manipulation element since it amplifies the voltage. The element that follows
the primary sensing element in a measurement system is called signal conditioning
element. Here the variable conversion element and variable manipulation element
are collectively called as Data Conditioning Element or Signal Conditioning Element.

Data Transmission Element - The transmission of data from one another is done
by the data transmission element. In case of spacecraft, the control signals are sent
from the control stations by using radio signals.

Data Presentation Element - The display or readout devices which display the
required information about the measurement, forms the data presentation element.
Here the information of the measured has to be conveyed for, monitoring, control or
analysis purposes. In case of data to be monitored, visual display devices are
needed like ammeters and voltmeters. In case of data to be recorded, recorders like
magnetic tapes, T.V equipment, and storage type CRT, printers, and so on are used.



Chapter-2

Spectroscopic Analysis

Introduction

Spectroscopy is the field of study that measures and interprets electromagnetic spectra. In
narrower contexts, spectroscopy is the precise study of colour as generalised from visible light to
all bands of the electromagnetic spectrum.

UV Spectrometer

A UV-vis spectrophotometer is an analytical instrument that measures the amount of ultraviolet
(UV) and visible light that is absorbed by a sample. It is a widely used technique in chemistry,
biochemistry, and other fields, to identify and quantify compounds in a variety of samples.

Working principle

UV-vis spectrophotometers obeys the Beer-Lambert law, which states that: when a beam of
monochromatic light is passed through a solution of an absorbing substance, the rate of
decrease of intensity of radiation with thickness of the absorbing solution is proportional to
the incident radiation as well as the concentration of the solution.From the Beer-Lambert law
it is clear that greater the number of molecules capable of absorbing light of a given
wavelength, the greater the extent of light absorption. This is the basic principle of UV
spectroscopy.
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Light Source

e Tungsten filament lamps and Hydrogen-Deuterium lamps are the
most widely used and suitable light sources as they cover the whole
UV region.

e Tungsten filament lamps are rich in red radiations; more specifically
they emit the radiations of 375 nm, while the intensity of
Hydrogen-Deuterium lamps falls below 375 nm.

Monochromator

e Monochromators generally are composed of prisms and slits.

e Most of the spectrophotometers are double beam
spectrophotometers.

e The radiation emitted from the primary source is dispersed with the
help of rotating prisms.

e The various wavelengths of the light source which are separated by
the prism are then selected by the slits such the rotation of the prism
results in a series of continuously increasing wavelengths to pass
through the slits for recording purposes.

e The beam selected by the slit is monochromatic and further divided
into two beams with the help of another prism.

Sample and reference cells

e One of the two divided beams is passed through the sample
solution and the second beam is passé through the reference
solution.

e Both sample and reference solution is contained in the cells.

e These cells are made of either silica or quartz. Glass can’t be used
for the cells as it also absorbs light in the UV region.

Detector

e Generally, two photocells serve the purpose of the detector in UV
spectroscopy.

e One of the photocells receives the beam from the sample cell and
the second detector receives the beam from the reference.



e The intensity of the radiation from the reference cell is stronger than
the beam of the sample cell. This results in the generation of
pulsating or alternating currents in the photocells.

Amplifier

e The alternating current generated in the photocells is transferred to
the amplifier.

e The amplifier is coupled to a small servometer.

e Generally, the current generated in the photocells is of very low
intensity, the main purpose of the amplifier is to amplify the signals
many times so we can get clear and recordable signals.

Recording devices

e Most of the time amplifier is coupled to a pen recorder which is
connected to the computer.

e The computer stores all the data generated and produces the
spectrum of the desired compound.

Atomic absorption spectroscopy

Atomic absorption spectroscopy (AAS) is an analytical technique used to measure the
concentrations of elements in a sample. It is based on the principle that free atoms in a
gaseous state can absorb light at a specific wavelength that corresponds to the energy
difference between two energy levels in the atoms. By measuring the amount of light
absorbed, the concentration of the element can be determined. AAS is very sensitive and can
detect even micrograms of metals.

Working principle
= An electron is excited from the ground state to higher energy level
by absorbing energy (light) at a specific wavelength

In afomic absorption spectfroscopy, the wavelength of absorbed

light is determined by the type of atom (which element it is) and

the energy levels the electrons are moving to

ow much light is absorbed is determined by the concenfration o
H h light is absorbed is det 1 by th frati f

the element in the sample.



Schematic diagram of an AAS
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Performing atomic absorption speciroscopy requires

= A primary light source,
An atom source,
A monochromator to isolate the specific wavelength of light to be
measured,

A detector to measure the light accurately,

Electronics to process the data signal and

A data display or reporting system to show the results

Working



The light source normally used is a hollow cathode lamp (HCL)

In general, a different lamp is used for each element to be
determined

A hollow cathode lamp is inserted into the AAS machine which
emits a distinctive spectrum for that particular metal element

This spectrum passes through an air-acetylene flame into which @
solution of the metal being tested for is sprayed using a nebuliser to
obtain a fine mist e

o kg P

The metal ions being tested absorb some of the wavelengths
passing through the flame

The light beam then passes through a monochromator which acts
as a filter to separate light of chosen wavelength from other light

In the past, photomultiplier tubes have been used as the detector.
However, in most modern instruments, solid-state detectors are now
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» Atom source used must produce free analyte atoms from sample.

*» The source of energy for free-atom production is heat, most
commonly in the form of an air/acetylene or nitrous
oxide/acetylene flame.

* The sample is infroduced as an aerosol into the flame by the
sample introduction system consisting of a nebuliser and spray
chamber.

» The burner head is aligned so that the light beam passes through
the flame, where the light is absorbed

» The mgijor limitation of Flame AA is that the burner-nebuliser system
is a relatively inefficient sampling device.

* Only a small fraction of the sample reaches the flame, and the
atomised sample passes quickly through the light path

Advantages
e FEasytouse
Cheap
Rapid
Greater sensitivity
Efficient atomization
Even small quantities of the sample can be analyzed (5-50pL).
Samples either in solid or slurry or solution form can be analyzed.
Disadvantages
e Fails to detect non-metals
e Simultaneous analysis of elements is not possible
e Only able to detect 70 elements excluding earth metals

Application of atomic absorption spectroscopy

e Analysis of magnesium and calcium in tap water (water analysis).

e Determination of amount of trace elements in contaminated soil (soil
analysis).

e Clinical analysis: Estimation of metals in biological fluids such as blood, urine,
serum, etc.
Environmental analysis
Trace elements analysis in foods, cosmetics, hair, etc.

e Mining: The amount of metal such as gold can be determined in rocks.



e Pharmaceuticals: The amount of catalyst used may be present in trace
amounts in final pharmaceuticals. Thus, AAS is used to determine the amount

of catalyst present.

Mass spectroscopy

Mass Spectrometry (MS) is an analytical chemistry technique that helps identify
the amount and type of chemicals present in a sample by measuring the

mass-to-charge ratio and abundance of gas-phase ions.

Working principle

1. In this technique, molecules are bombarded with a beam of energetic

electrons.

2. The molecules are ionized and broken up into many fragments, some of
which are positive ions. Each kind of ion has a particular ratio of mass to

charge, i.e. m/e ratio (value).

3. For most ions, the charge is one, and thus, the m/e ratio is simply the

molecular mass of the ion.

4. The ions pass through magnetic and electric fields to reach the detector
where they are detected and signals are recorded to give mass spectra.

MASS SPECTROMETRY
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e |n a typical procedure, a sample, which may be solid, liquid, or gas,

is ionized, for example by bombarding it with electrons.



e This may cause some of the sample’s molecules to break into
charged fragments. These ions are then separated according to
their mass-to-charge ratio, typically by accelerating them and
subjecting them to an electric or magnetic field:

e |ons of the same mass-to-charge ratio will undergo the same
amount of deflection.

e The ions are detected by a mechanism capable of detecting
charged particles, such as an electron multiplier. Results are
displayed as spectra of the relative abundance of detected ions as a
function of the mass-to-charge ratio.

e The atoms or molecules in the sample can be identified by
correlating known masses (e.g. an entire molecule) to the identified
masses or through a characteristic fragmentation pattern.

Application

e Environmental monitoring and analysis (soil, water, and air
pollutants, water quality, etc.)

e Geochemistry — age determination, soil, and rock composition, oil
and gas surveying

e Chemical and Petrochemical industry — Quality control
Identify structures of biomolecules, such as carbohydrates, nucleic
acids

e Sequence biopolymers such as proteins and oligosaccharides
Determination of the molecular mass of peptides, proteins, and
oligonucleotides.
Monitoring gases in patients’ breath during surgery.
Identification of drug abuse and metabolites of drugs of abuse in
blood, urine, and saliva.

e Analyses of aerosol particles.
Determination of pesticides residues in food.

Beer-Lambert's Law

The Beer-Lambert law relates the attenuation of light to the material’s properties
through which the light travels. Beer-Lambert law is applied to chemical analysis
measurements. Let us familiarise ourselves with the law by reading the article.



What is Beer’s Law?

Beer law states that concentration and absorbance are directly proportional to

each other and it was stated by August Beer.

What is Lambert Law?

Lambert law states that absorbance and path length are directly proportional and it

was stated by Johann Heinrich Lambert.

Beer-Lambert Law Equation

The Beer-Lambert law equation is as follows:

I = I{]E_“{I} }

Where,

lis the intensity

lpis the initial intensity

1 is the coefficient of absorption

xis the depth in metre

Beer-Lambert Law Applications

This law finds applications in various fields such as:

Analytical chemistry

This analysis mainly concentrates on the separation, quantification, and identification
of matter by spectrophotometry. There is no involvement of extensive pre-processing
of the sample to get the results. For example, bilirubin count in a blood sample can

be determined by using a spectrophotometer.

In atmosphere

Solar or stellar radiation in the atmosphere can be described using this law.



Beer-Lambert Law Limitations

Using this law it becomes easy to study the absorptivity coefficient of the sample
when the concentration is low i.e. <10mM but as the concentration becomes high i.e.

>10mM there is a deviation as the electrostatic interactions become more.



Chapter-3
Gas Chromatography

Introduction

Gas chromatography (GC) is a common type of chromatography used in analytical chemistry
for separating and analyzing compounds that can be vaporised without decomposition. Typical
uses of GC include testing the purity of a particular substance, or separating the different
components of a mixture.

Gas chromatography is the process of separating compounds in a mixture by injecting a gaseous
or liquid sample into a mobile phase, typically called the carrier gas, and passing the gas through
a stationary phase. The mobile phase is usually an inert gas or an unreactive gas such as
helium, argon, nitrogen or hydrogen.The stationary phase can be solid or liquid, although most
GC systems today use a polymeric liquid stationary phase.

Working principle

The equilibrium for gas chromatography is partitioning, and the
components of the sample will partition (i.e. distribute) between the two
phases: the stationary phase and the mobile phase.

Compounds that have a greater affinity for the stationary phase spend
more time in the column and thus elute later and have a longer retention
time (Rt) than samples that have a higher affinity for the mobile phase.

Affinity for the stationary phase is driven mainly by intermolecular
interactions and the polarity of the stationary phase can be chosen to
maximise interactions and thus the separation.

Ideal peaks are Gaussian distributions and symmetrical, because of the
random nature of the analyte interactions with the column.

e The separation is hence accomplished by partitioning the sample
between the gas and a thin layer of a nonvolatile liquid held on a
solid support.

e A sample containing the solutes is injected into a heated block
where it is immediately vaporized and swept as a plug of vapor by
the carrier gas stream into the column inlet.

e The solutes are adsorbed by the stationary phase and then
desorbed by a fresh carrier gas.

e The process is repeated in each plate as the sample is moved toward
the outlet.
e FEach solute will travel at its own rate through the column.



e Their bands will separate into distinct zones depending on the
partition coefficients, and band spreading.

e The solutes are eluted one after another in the increasing order of
their kd, and enter into a detector attached to the exit end of the
column.

e Here they register a series of signals resulting from concentration
changes and rates of elution on the recorder as a plot of time versus
the composition of carrier gas stream.

e The appearance time, height, width, and area of these peaks can be
measured to yield quantitative data.

Gas Chromatography

Sample '%T
Gas flow El  Tnjector

ar
regrlator T . port o
\ LJ Detector
. Column .
Ot r.
A
fl |I
[ ) I .
Waste
Computer
Carrier gos Data analysis

Parts of gas chromatography
Gas chromatography is mainly composed of the following parts:

1. Carrier gas in a high-pressure cylinder with attendant pressure regulators and flow
meters
Helium, N2, H, Argon are used as carrier gases.
Helium is preferred for thermal conductivity detectors because of its high thermal
conductivity relative to that of most organic vapors.
N2 is preferable when a large consumption of carrier gas is employed.
Carrier gas from the tank passes through a toggle valve, a flow meter, (1-1000
ml/min), capillary restrictors, and a pressure gauge (1-4 atm).

e Flow rate is adjusted by means of a needle valve mounted on the base of the flow
meter and controlled by capillary restrictors.

e The operating efficiency of the gas chromatograph is directly dependant on the
maintenance of constant gas flow.

e Sample injection system



e Liquid samples are injected by a microsyringe with a needle inserted
through a self-scaling, silicon-rubber septum into a heated metal
block by a resistance heater.

e (Gaseous samples are injected by a gas-tight syringe or through a
by-pass loop and valves.

e Typical sample volumes range from 0.1 to 0.2 ml.

3. The separation column

e The heart of the gas chromatography is the column which is made
of metals bent in U shape or coiled into an open spiral or a flat
pancake shape.

e Copper is useful up to 2500

e Swege lock fittings make column insertion easy.

e Several sizes of columns are used depending upon the
requirements.

4. Detectors — Various detectors are used in gas chromatography.
Keep in mind that different detectors yield different types of
selectivity.

5. Non-selective detectors — They respond to all compounds with
the exception of the carrier gas.

6. Selective detectors — They respond to a wide array of
compounds with common physical/chemical properties.

7. Specific detectors — They respond to just a single chemical
compound.

8. Dependant detectors — They are related to solute concentration
in the detector. They do not destroy the sample dilution of
makeup gas and will lower the response of detectors.

9. Mass flow dependant detectors — They destroy the sample. The
signal is dependent on the rate for which the molecules of solute
enter the detector

Uses of gas chromatography

e GC analysis is used to calculate the content of a chemical product,
for example in assuring the quality of products in the chemical
industry; or measuring toxic substances in soil, air or water.

e Gas chromatography is used in the analysis of:



(a) air-borne pollutants

(b) performance-enhancing drugs in athlete’s urine samples
(c) oil spills

(d) essential oils in perfume preparation

e GC is very accurate if used properly and can measure picomoles of
a substance in a 1 ml liquid sample, or parts-per-billion
concentrations in gaseous samples.

e Gas Chromatography is used extensively in forensic science.
Disciplines as diverse as solid drug dose (pre-consumption form)
identification and quantification, arson investigation, paint chip
analysis, and toxicology cases, employ GC to identify and quantify
various biological specimens and crime-scene evidence.

Advantages

e The use of longer columns and higher velocity of carrier gas permits
the fast separation in a matter of a few minutes.

e Higher working temperatures up to 5000C and the possibility of
converting any material into a volatile component make gas
chromatography one of the most versatile techniques.

e GC is popular for environmental monitoring and industrial
applications because it is very reliable and can be run nearly
continuously.

e GC is typically used in applications where small, volatile molecules
are detected and with non-aqueous solutions.

e GC is favored for non-polar molecules

Limitations

e Compound to be analyzed should be stable under GC operation
conditions.

e They should have a vapor pressure significantly greater than zero.

e Typically, the compounds analyzed are less than 1,000 Da, because
it is difficult to vaporize larger compounds.

e The samples are also required to be salt-free; they should not
contain ions.

e \ery minute amounts of a substance can be measured, but it is
often required that the sample must be measured in comparison to



a sample containing the pure, suspected substance known as a
reference standard.



Chapter - 4
Liquid Chromatography

Introduction

Liquid chromatography (LC) is an analytical technique in which the mobile phase is a
liquid.

It is carried out either in a column or a plane.

The sample with the mobile phase is passed through a column or plane, accompanied by
the stationary phase.

Due to differences in adsorption, size, partitioning and ion exchange, different solutes will
interact with the stationary phase to a different extent.

Thus, components are separated by utilising these differences.

Liquid Chromatography is an effective technique to separate mixtures. It is especially
effective when the mixture is coloured.

Even if the mixture is not coloured, we can visualise it using several visualisation
methods like irradiating it with ultraviolet light.

Working principle

The purification takes place in a separation column between a
stationary and a mobile phase.

The stationary phase is a granular material with very small porous
particles in a separation column.

The mobile phase, on the other hand, is a solvent or solvent mixture
which is forced at high pressure through the separation column.

Via a valve with a connected sample loop, i.e. a small tube or a
capillary made of stainless steel, the sample is injected into the
mobile phase flow from the pump to the separation column using a
syringe.

Subsequently, the individual components of the sample migrate
through the column at different rates because they are retained to a
varying degree by interactions with the stationary phase.

After leaving the column, the individual substances are detected by a
suitable detector and passed on as a signal to the HPLC software on
the computer.

At the end of this operation/run, a chromatogram in the HPLC
software on the computer is obtained.

The chromatogram allows the identification and quantification of the
different substances.

Block diagram of liquid chromatography
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The Pump

The development of HPLC led to the development of the pump
system.

The pump is positioned in the most upper stream of the liquid
chromatography system and generates a flow of eluent from the
solvent reservoir into the system.

High-pressure generation is a “standard” requirement of pumps
besides which, it should also to be able to provide a consistent
pressure at any condition and a controllable and reproducible flow
rate.

Most pumps used in current LC systems generate the flow by
back-and-forth motion of a motor-driven piston (reciprocating
pumps). Because of this piston motion, it produces “pulses”.

Injector

e An injector is placed next to the pump.
e The simplest method is to use a syringe, and the sample is

introduced to the flow of eluent.

e The most widely used injection method is based on sampling loops.
e The use of the autosampler (auto-injector) system is also widely

used that allows repeated injections in a set scheduled-timing.

Column

e The separation is performed inside the column.
e The recent columns are often prepared in a stainless steel housing,

instead of glass columns.



e The packing material generally used is silica or polymer gels
compared to calcium carbonate.
The eluent used for LC varies from acidic to basic solvents.

e Most column housing is made of stainless steel since stainless is
tolerant towards a large variety of solvents.

Detector

e Separation of analytes is performed inside the column, whereas a
detector is used to observe the obtained separation.

e The composition of the eluent is consistent when no analyte is
present. While the presence of analyte changes the composition of
the eluent. What detector does is to measure these differences.

e This difference is monitored as a form of an electronic signal. There
are different types of detectors available.

Recorder

e The change in eluent detected by a detector is in the form of an
electronic signal, and thus it is still not visible to our eyes.

e |n older days, the pen (paper)-chart recorder was popularly used.
Nowadays, a computer-based data processor (integrator) is more
common.

e There are various types of data processors; from a simple system
consisting of the in-built printer and word processor while those with
software that are specifically designed for an LC system which not
only data acquisition but features like peak-fitting, baseline
correction, automatic concentration calculation, molecular weight
determination, etc.

Degasser

The eluent used for LC analysis may contain gases such as oxygen that
are non-visible to our eyes.

e When gas is present in the eluent, this is detected as noise and
causes an unstable baseline.

e Degasser uses special polymer membrane tubing to remove gases.

e The numerous very small pores on the surface of the polymer tube
allow the air to go through while preventing any liquid to go through
the pore.



Column Heater
The LC separation is often largely influenced by the column temperature.

e In order to obtain repeatable results, it is important to keep
consistent temperature conditions.

e Also for some analysis, such as sugar and organic acid, better
resolutions can be obtained at elevated temperatures (50 to 80°C).

e Thus columns are generally kept inside the column oven (column
heater).

Advantages of Liquid Chromatography

Liquid Chromatography is a cheap separatory technique to separate mixtures.
The flow of the mobile phase, detection of separation bands and collection of each
component is done manually.

e Glass wear used for liquid chromatography is readily available and inexpensive too.

Applications of Liquid Chromatography

Liquid chromatography is used for testing ink samples.

It is used in environmental analysis and cleanliness testing.

It is used in food analysis and quality control

It is used in the pharmaceutical industries and chemical industries.
It is used in forensic science and hospitals



Chapter-5

Liquid analysis
Ph measurement
pH is defined as the negative logarithm of H+ ion concentration. Hence the meaning
of the name pH is justified as the power of hydrogen.A pH meter is an instrument used to
measure the activity of hydrogen ions in solutions. In other words, it measures the acidity or
alkalinity of a solution. It is sometimes called a potentiometric pH meter because it measures the
difference in electric potential between a pH electrode and a reference electrode . A detailed pH
meter diagram is referred here to give a better understanding for our readers..

e Word pH means Power /Potential (p) of Hydrogen (H); and serves as the most
convenient way to measure the relative alkalinity or acidity at a given temperature. The
pH rate is directly linked to the potential of both Hydrogen ions (H+) and Hydroxyl ions
(OH-) concentrations.

e pH is measured on a scale of 1 to 14 to specify the acidity or basicity of an aqueous
solution. The pH of a powerful acid can be less than 0 or greater than 14 for a very
powerful base.

Working Principle With PH Meter Diagram

We had learned before that the greater the H+ ion concentration, the greater the solution’s
acidity. Therefore, an acidic solution with far more hydrogen ion concentration has more
significant potential to generate electric current. To explain, it works like a battery that can
produce greater voltage, and a pH meter works like a voltameter to measure the solution’s
voltage (electric potential). Let us understand the working principle better by following the
detailed pH meter diagram below:

e A typical pH meter consists of three different parts: an internal electrode, a reference
electrode and a voltameter

e Practically, when one metal comes in contact with another, a voltage difference occurs
due to the differences in electron mobility. This happens the same in the case of two
liquids. When two electrodes are dipped in an aqueous solution, the ion-exchange
process transpires where the H+ ions in the solution move towards the glass electrode
and replace a few metal ions in its special glass coating.

e This way, a small voltage is created, then picked by the glass electrode and passed to
the voltameter as shown in the pH meter diagram

e The voltameter then measures the voltage and displays the measurement in pH units on
a scale of 0 to 14. Here the reference electrode acts as a reference for the measurement.

e Anincrease in the voltage means the presence of more H+ ions in the solution and
hence more acidic. Similarly, a decrease in the voltage means fewer H+ ions and more
OH- ions; therefore, more pH and solution is alkaline.
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Applications of pH meters:

It is used to measure the pH of the drug product or raw material sample solutions in the
pharmaceutical industry or any chemical plant.

It is used in Bio-clinical labs to measure the pH of biological fluids like blood, stools,
urine, gastric acid, etc.

They are frequently used in testing soil pH in agriculture to improve crop yield and
maximize returns.

They are often used to test water quality in water treatment plants, pulp and paper
industry, swimming pools, rainwater, brewing of wine, oil and gas industries, etc.
Measure the acidity levels in wastewater in the wastewater treatment plant.

Measure the exact pH of food-grade products, particularly in the dairy industry ensure
safety and quality.

To measure the exact pH of milk effectively preventing it from turning sour.

While the above list is not exhaustive, it is clear that the pH meter is an essential instrument in
the laboratory and has a significant role in product quality testing.

Advantages of pH meters:

Pocket-sized portable pH meters are easy to carry and measure accurately.

Lab-scale pH meters are easy to use and occupy less space.

With proper maintenance and periodic calibration, pH meters can be used for a long time
without making them redundant.

It can be used in a wide variety of protein solutions, viscous preparations and also
solutions with strong oxidants and reductants.

Disadvantages of pH meters:

It needs extra care and attention towards the pH sensing bulb of the electrode and
reference junctions from getting dried. It always needs to be stored in a pH storage
solution.

pH meter electrodes quickly tend to clog, get coated with sample and becomes dirty.
Cleaning electrodes is a challenge without which the life of the electrodes becomes short.



e The temperature of the solutions always affects the pH readings. Extra attention needs to
be taken to ensure the temperature of the solution is at room temperature all time, and
also the temperature probe is calibrated before testing the sample for pH.



