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ABSTRACT

Background: In chemical, pharmaceutical,
and  environmental  analysis, UV
spectroscopy is a commonly used
analytical method for the quantitative
assessment of several compounds. The
technique depends on measuring a
sample's absorbance of UV light, which, in
accordance with Beer-Lambert's law,
corresponds with the analyte's
concentration. It is a common option for
regular analysis due to its accuracy,
simplicity, and non-destructive nature.
The purpose of this study is to examine the
methods used in UV spectroscopy-based
quantitative determination and to showcase
the wide range of sectors in which it finds
use.

Methods: The basis of UV spectroscopy is
the idea that molecules absorb ultraviolet
light at certain wavelengths, which is
correlated with the concentration of those
molecules in  solution.  Important
approaches are covered in the study, such
as how to design calibration curves, utilise
standards, and evaluate results. The

benefits and drawbacks of UV
spectroscopy in quantitative analysis are
also discussed.

Findings: Drug concentrations, chemical
reaction monitoring, and environmental
pollution assessment have all benefited
from the quantitative use of UV
spectroscopy. UV spectroscopy is used in
pharmaceutical examination to assess the
stability, purity, and dosage form
composition of drugs. It is employed in the
environmental sciences to quantify the
levels of contaminants in water samples,
including pesticides and heavy metals.
In conclusion, UV spectroscopy is a
flexible and trustworthy quantitative
analytical method that finds use across
several sectors. It 1s essential for
environmental monitoring, research, and
quality control because of its quick and
precise  findings.  Nonetheless, its
sensitivity and application in complicated
samples are still being improved by
developments in technique and apparatus.

Keywords: Beer-Lambert law,
pharmaceutical ~ analysis,  quantitative
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analysis, calibration curve, uv
spectroscopy, and environmental
monitoring.

1. INTRODUCTION

All analytical methods used to gather
physicochemical data via the absorption,
transmission, or reflection of incoming
radiant energy in a sample are referred to
as spectrophotometry. Among these
analytical procedures, there exists light
absorption. Spectroscopy in the Ultraviolet
and Visible regions (UV-Vis) (200-800
nm) is a widely used technique for the
characterisation and quantification of
various organic and inorganic compounds.
The UV-Vis analytical approach has
gained  significant importance and
prevalence across several scientific
disciplines  globally. Owing to its
accessibility, ease of use, adaptability, and
extensive applicability In several fields,
such as biology and analytical chemistry. It
is essential to minimise the number of
samples and reagents for analytical
measurement, particularly for limited
samples or hazardous solvents; hence, UV-
Vis microvolume spectrometric
instrumentation has been created.

Presently, spectroscopy techniques and
chemometric methods are extensively
employed in food industry analyses to
enhance quality control of food and
beverages, including the detection of
falsification or adulteration, identification
of  origin, differentiation  between
caffeinated and decaffeinated coffee,
determination of wine origin and variety,
and assessment of olive oil origin, among
others. This research does a bibliographic
evaluation to assess the efficacy and
usefulness of using the analytical method
of molecular spectrophotometry in the
ultraviolet and visible regions within the
food industry.
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2. METHODOLOGY

The study's aims, methodology using UV-
Vis analysis, and principal findings.
Various purposes of using UV-Vis
spectroscopy in the food sector include
studies aimed at identifying potential fraud
in general food products and drinks.

The Origin of UV-Vis Spectra

Spectroscopy is the interaction between
waves originating from the
electromagnetic ~ spectrum  and  the
molecules contained in the sample matrix
under examination. Two primary
spectroscopic techniques used in food
analysis are atomic and molecular
spectroscopy.

The development and use of these
spectroscopic approaches in the area of
food analysis are predicated on the
interactions between matter and light,
resulting in absorption, emission, and
scattering phenomena. Sample
characteristic. Food analysis employs a
range of spectroscopic methods and
techniques  that  leverage  various
wavelength ranges, including ultraviolet
and visible (UV-Vis), near-infrared (NIR),
mid-infrared (MIR), far infrared (FIR),
Raman, microwaves, radio waves, and
nuclear magnetic resonance. UV-Vis
spectroscopy is a sensitive technique in
molecular spectroscopy that employs
ultraviolet and visible light within the
wavelength range of 200 to 780 nm. This
spectroscopic approach relies on the
absorption, scattering, diffraction,
refraction, and reflection properties of the
examined material. The absorption of UV
and visible light is confined to certain
chemical functional groups known as
chromophores, where electrons are
stimulated at varying frequencies. The
Beer-Lambert equation delineates the
relationship among light absorption by a
709
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molecule, the light path length of a sample,
and the concentration of absorbing
molecules in a liquid media, as is common
in  many spectroscopic applications.
Consequently, absorption measurements
may be used to ascertain and quantify the
existence and quantity of analytes inside a
food matrix, as a result of its chemical and
physical features.

Principle of UV spectroscopy

Principles of
spectroscopy[4]

absorption

A higher quantity of molecules that can
absorb light at a certain wavelength results
in an increased degree of light absorption.
The more successfully a molecule absorbs
light at a certain wavelength, the larger the
degree of light absorption. From these
guiding principles, the empirical statement
known as the Beer—Lambert Law may be
derived.

There are two types of absorbance
instruments used to collect UV-Visible
spectra

e Single beam spectrometer

¢ Double beam spectrometer

= j i ffractior
o
et yrating
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ample
uvette

Figure I: Single beam spectrometer.

light
source

Figure 2: Double beam spectrometer.
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Methods of UV-Vis Spectroscopy|[5-9]

Methods applied on zero order absorption
spectra

* Methods wusing dual-wavelength: []
Induced dual wavelength method (IDW) [
Dual wavelength resolution technique
(DWRT) [J Absorption correction method
(ACM)

* Techniques based on absorptivity metrics
* Absorbance Subtraction (AS) * Advanced
Absorbance Subtraction ¢ Absorptivity
Factor Spectrophotometric Method (a-
Factor Method) [ Techniques using area
under the curve (AUC) [] Area under the
curve correction technique (AUC-CM) [
Compensated area under the curve
technique (CAUC)

Spectrum subtraction

* Techniques used on derivative spectra
Amplitude Subtraction (AS) ¢ Modified
Amplitude Subtraction (MAS) « Amplitude
Factor (P-Factor) « Amplitude Summation

Method  (A-Sum) «  Simultaneous
Derivative  Ratio  Spectrophotometry
(S1DD)

* Derivative compensation ratio by
regression equation: [] Differential dual
wavelength (DIDWL) [J Differential
derivative ratio (DIDR) [] Successive
derivative subtraction combined with
constant multiplication (SDS-CM)
Derivative Transformation (DT)

* Method used on the ratio spectra

* Techniques using the subtraction of
amplitudes from ratio spectra: [J Ratio
Subtraction Method (RSM) [] Successive
Ratio Subtraction (SRS) [] Extended Ratio
Subtraction  Method (EXRSM) [J
Simultaneous Ratio Subtraction Method
(SRSM)
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» Techniques using amplitude disparity in
ratio spectra: [1 Ratio Difference
Spectrophotometric Method (RDSM)

* Constant Centre Spectrophotometric
Method (CCSM) [J Constant Centre
Coupled with Spectrum Subtraction (CC-
SS) [0 Constant Value via Amplitude
Difference (CV-AD) [1 Constant Value
(CV) [0 Amplitude Centre Method (ACM)
* Method predicated on modulation of the
amplitudes of ratio spectra Amplitude
Modulation (AM) and  Advanced
Amplitude Modulation (AAM) Induced
Amplitude Modulation (IAM) Method:
Techniques reliant on the calculated
geometric representation of amplitude
ratios in spectra. [] Geometrical Amplitude
Modulation Method (GAM) O
Geometrical Induced Amplitude
Modulation Method (GIAM) [J Ratio H-
Point  Standard  Addition = Method
(RHSAM)

* Techniques using mean centring of
amplitude ratios in spectra  Pure
Component  Contribution  Algorithm
(PCCA) Continuous Wavelet Transform
(CWT)

The expression of Beer-Lambert

The law is expressed as A = log (10/I) =
Ecl. Where, A = absorbance 10 represents
the intensity of light incident on the
sample cell.l represents the intensity of
light emitted from the sample cell. C =
molar concentration of solute; L = length
of sample cell (cm) E represents molar
absorptivity.

The expression log (10/1) is referred to as
absorbance (or optical density in earlier
literature). Be denoted by A. Molar
absorptivity, formerly referred to as molar
extinction coefficient, is an intrinsic
characteristic of a molecule undergoing
electronic transition and is independent of
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the variable parameters involved in
solution preparation. The dimensions of
the absorbing system and the likelihood of
electronic transitions influence
absorptivity, which varies from 0 to 106.
Principles Values beyond 104 are
classified as high-intensity absorptions,
and those below 103 are designated as
low-intensity ~ absorptions.  Forbidden
transitions have absorptivities ranging
from 0 to 1000. Beer-Lambert Law The
law is strictly adhered to when a single
species produces the observed absorption.
Law may not be adhered to, however,
when various sorts of absorbing molecules
are involved. Equilibrium is achieved
when solute and solvent form complexes
by association, when thermal equilibrium
occurs between the ground electronic state
and low-lying excited state, or when
fluorescent chemicals or compounds
altered by irradiation are present.4

The Beer-Lambert law indicates that a
higher concentration of molecules capable
of absorbing light at a certain wavelength
results in increased light absorption. This
is a fundamental concept of UV
spectroscopy.4

The Beer-Lambert law[10]

There exists a linear connection among
absorbance, concentration, molar
absorptivity, and the optical properties of
the solution. The molar absorption
coefficient is a  sample-dependent
parameter that quantifies the strength of a
sample's  absorption at a certain
wavelength of light. Concentration 1is
defined as moles per litre (M) of the
sample dissolved in the solution, while
length refers to the length of the cuvette
used for absorbance measurement, which
is normally 1 cm. log(10/1) = Ecl

The Beer-Lambert law posits a linear
connection between the concentration and
711
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absorbance of a solution, allowing for the
calculation of concentration by absorbance
measurements. To illustrate this linear
relationship, five solutions of Rhodamine
B in water were analysed using a DS5
Dual Beam Spectrophotometer, and from
the resulting absorption spectra, a linear
calibration curve of absorbance against
concentration was  established. The
concentration of an unknown Rhodamine
B solution may be calculated by measuring
its absorbance, which is the primary
application of the Beer-Lambert Law,
using this calibration curve.

7 UV-Visible
instrumentation

Spectroscopy

e T F—— RN —

Figure 3: Instrumentation of UV-Visible
Spectroscopy.

3. Instrumental design
Components

A spectrophotometer is a device that
measures a sample's transmittance or
absorbance in  relation to  the
electromagnetic radiation's wavelength. A
spectrophotometer's essential parts are:[§]
* A source that emits electromagnetic
radiation across a wide spectrum ¢ A
dispersion device that chooses a specific
wavelength (or, more accurately, a
waveband) from the source's wideband
radiation ¢« A sample area * One or more
detectors to measure radiation intensity
(VIS/NIR).[7] Light is relayed through the
device by additional optical parts like
mirrors or lenses. References The perfect
light source would provide long-term
stability, minimal noise, and a consistent
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intensity  across  all  wavelengths.
Unfortunately, there isn't a source like
that.[7]

Two references UV-visible
spectrophotometers often employ it.

The first source, the deuterium arc lamp

produces a suitable intensity in the visible
spectrum and a decent intensity continuum
in the ultraviolet. Despite the low noise
levels of contemporary deuterium arc
lamps, the noise produced by the lamp
often limits the total noise performance of
the instrument. A deuterium arc lamp's
light intensity gradually drops over time. A
lamp of this kind usually has a half-life of
around 1,000 hours, which is the amount
of time needed for the intensity to drop to
half of its starting value.

The second source, the tungsten-halogen
lamp[19]

produces excellent intensity over the
whole visible spectrum and a portion of
the UV spectrum. This kind of bulb
usually lasts 10,000 hours and has very
little noise and drift. The majority of
spectrophotometers that measure the UV-
visible spectrum include both kinds of
lighting. These devices either blend the
light from the two sources to create a
single broadband source, or they employ a
source selector to switch between the
lights as needed.

Dispersion devices

Different light wavelengths are dispersed
at various angles using dispersion devices.
These devices may be used to choose a
certain wavelength (or, more accurately, a
restricted waveband) of light from a
continuous source when paired with an
appropriate exit slit. In UVvisible
spectrophotometers, two  kinds  of
dispersion devices are often utilised:
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prisms and holographic gratings. A prism
uses sunlight to create a rainbow. The
spectrophotometers also employ this
similar approach. Prisms are inexpensive
and easy to use, but the dispersion they
produce is angularly nonlinear.
Furthermore, temperature affects the angle
of dispersion. For these reasons,
holographic gratings, rather than prisms,
are found in the majority of contemporary
spectrophotometers. These gadgets are
constructed from glass blanks with very
thin grooves ruled on them. This work was
once completed manually, but
contemporary production techniques use a
holographic optical process. The grooves'
dimensions match the wavelength of the
light that has to be scattered. Lastly, to
form a reflecting source, an aluminium
coating is applied. Depending on the
wavelength, light falling on the grating is
reflected at various angles. Holographic
gratings are temperature insensitive and
provide a linear angular dispersion with
wavelength.

They do, however, reflect light in
overlapping orders. To guarantee that only
light from the intended reflection order
reaches the detector, filters must be
utilised. Light is simultaneously dispersed
and focused by a concave grating. An exit
slit, a dispersion device, and an input slit
make up a  monochromator. A
monochromator should ideally produce
monochromatic light as its output.
However, in reality, the output is always a
band with an appropriately symmetrical
form. The instrumental bandwidth (IBW)
is the width of the IBW band at half its
height.

Detectors

A light signal is transformed into an
electrical signal via a detector. It should
ideally have high sensitivity, low noise,

Journal for Educators, Teachers and Trainers

The LabOSfor electronic, peer-revi , open: N

and a linear response over a broad range. A
photomultiplier tube detector or a
photodiode detector are often found in
spectrophotometers.

Configuration

Various configurations of
spectrophotometers are  commercially
Available.

e Single-beam design

e Dual-beam design

e Split-beam design

e Dual-wavelength design

Analysis of liquid samples

Most often, analyte focusses or synthetic
part transformations are determined using
UV/VIS/NIR spectroscopy. The strategy
calculates light intake over the desired
optical range. The test is divided into
cuvettes and placed between the locator
and the optical light source. With a
constant light path length and a known
assimilation coefficient (depending on
frequency), the chemical in question will
converge from light ingested at that
frequency, according to Beer-Lambert's
law.

UV/VIS/NIR Analysis of solid samples

Estimating the delivery of a powerful
example: Before adding a circle, an
example is specified. Using an example,
light from an optical light source is
transmitted into the incorporating circle.
Light then reaches the identifier after being
reflected by the circle's inner surface.lt is
possible to  estimate both  direct
conveyance and by-large conveyance.
Diffuse conveyance may be deduced from
these two limits by: Toverall minus Tdirect
equals Tdiff.

Estimating
example

reflectance  of  strong
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The coordinating circle is anticipated to
measure the overall reflectance of strong
materials, just as with conveyance. Behind
the coordinating circle is the test. After
being reflected by the test and the
integrating circle's inside surface, light
from the optical light source reaches the
locator. It is possible to determine diffuse
reflectance in addition to by-large
reflectance. Large and diffuse reflectance
data may be used to calculate specular
reflectance data.[6] Roverall minus Rdiff
equals Rspec.

Working out absorbance of strong
example

that is neither reflected nor transmitted, is
what is known as the absorption rate.
Reflectance and conveyance may be used
to calculate absorbance: %A = 100% -
%The Roverall discovery module is the
overall UV-vis optical framework
rules.The Lambda 1050 spectrometer's
optical structure.

Table 1: [Illustrates the relationship
between light absorption and radiation
(nm)

Colour Absorbed |Colour Absorbed  |Absorbed Radiation (nm)
Violet [Yellow-green 400-435
Blue [Yellow 435-480
Green-blue Orange 480-490
Blue-green Red 490-500
Green Purple 500-560
Yellow-green [Violet 560-580
Yellow Blue 580-595
Orange IGreen-blue 595-605
Red Blue-green 605-750

Advantages and Disadvantages and use
of UV-Spectrophotometry:

Advantages[11,14]

& Selectivity and affectability have
increased thanks to UV Derivative
Spectroscopy. Among its many advantages
are  single-part  investigation  and
simultaneous assurance of many parts in
combination, lattice assurance, corrosive
examination of proteins and amino acids,
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natural research, and identifiable evidence
of both natural and inorganic mixes. [5]

The specific benefits of a secondary
otherworldly inquiry are as follows:
absorbance groups may be identified even
for a small frequency range when there are
at least two covered pinnacles.[5] A
powerless and low absorbance pinnacle
may be identified in the presence of a solid
and sharp absorbance top.[5]

A broad absorption range allows for
precise consideration of a particular
frequency at that furthest range.[5] In fact,
since there is a direct correlation between
attention levels and subordinate attributes,
quantitative analysis may concentrate even
when foundation intake is present.[5].

Disadvantages

Even though it is a sensitive method, it is
quite susceptible to various restrictions.

Due of its limited repeatability, the
technique is limited to a certain framework
and has limited uses.

When the current instrumental strategy—
which evaluates the signal—is absent, the
approach is the next best thing.

When estimating zero-intersection
spectra, it is less precise. Little variation in
basic range may unquestionably alter
subordinate range since subsidiary spectra
and zero request range are similar.

When several spectrophotometers used for
zero request spectra provide similar results
but derivatisation of them shows different
results, helpless reproducibility might
fluctuate. [5].

Applications
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Derivative spectrophotometry examines a
single portion in conjunction with the area
under the Curve n medication plan.

UV -vis spectroscopy has many
different application also

e Detection of impurities

e Structural elucidation of organic
compounds e Quantitative analysis

¢ Qualitative analysis
¢ Chemical analysis

¢ Quantitative analysis of pharmaceutical
substance

¢ Dissociation constant of acids and bases
e Molecular weight determination

e As HPLC detector

e Deviations from the Beer-Lambert law
4. CONCLUSION

The derivative sign handling method is
often used for quantifying tiny quantities
of pharmaceuticals amongst several
possibly interfering substances. This
barrier weakens analytical indications,
rendering them loud and overlaid on

substantial foundational signals.
Inadequate cuvette transmission alignment,
inconsistent cuvette placement,

contamination from soil or fingerprints on
cuvette dividers, unclear broadband
interference integration, and arrangement
turbidity all lead to diminished estimation
accuracy, assessed through test-to-test
pattern variations.4 Standard motions may
arise from plausible mistakes, including
weak  frequency dependency  (low
molecular  turbidity) or  frequency
independence (light blockage due to big
suspended particles or air pockets). It is
essential to  distinguish  substantial
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retention from  various causes of
benchmark variation.

It is thought to impede wide foundation
by isolating to the degree that it diminishes
variability in foundation abundance across
experiments. This results in enhanced
estimation and precision in several
scenarios, particularly when there is
uncontrolled change in the baseline and
when the analyte signal is not markedly
distinct from the baseline.
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