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ABSTRACT 

Background: UV-Visible spectroscopy is a widely employed 

analytical technique in pharmaceutical analysis for the 

identification and quantification of antibacterial compounds. Its 

simplicity, cost- effectiveness, and precision make it a standard 

method in quality control and research settings. Objective: To 

review the principles, instrumentation, and integrated analytical 

application of UV-Visible spectroscopy for the analysis of 

selected antibacterial compounds including Ciprofloxacin, 

Amoxicillin, Doxycycline, and Metronidazole. Methods: This 

review integrates findings from UV-Visible spectroscopic 

principles including Beer- Lambert Law, electronic transitions, 

instrumentation components, and spectral data obtained for the 

elected antibacterial drugs. Structural elucidation using 

ChemDraw software and calibration curve methodology are 

also incorporated. Results: UV-Visible spectroscopy  

demonstrated consistent linearity for all four antibacterial compounds analyzed. Amoxicillin 

showed a UV absorbance peak at 272 nm with a linear range from 5 to 25 µg/mL (absorbance 

values 0.226 to 1.126), confirming compliance with Beer-Lambert Law. Structural 

characterization of each drug was successfully performed using ChemDraw software, and 

synthesis pathways were established and validated. Conclusion: UV-Visible spectroscopy 

represents an efficient, reliable, and integrated analytical strategy for the characterization and 

quantitative determination of selected antibacterial compounds. The method offers a 
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favorable balance between simplicity and accuracy, supporting its continued application in 

pharmaceutical quality control. 

 

KEYWORDS: UV-Visible spectroscopy; antibacterial compounds; Beer-Lambert Law; 

Ciprofloxacin; Amoxicillin; Doxycycline; Metronidazole; pharmaceutical analysis; 

calibration curve; ChemDraw. 

 

INTRODUCTION 

Spectroscopy is the measurement and interpretation of electromagnetic radiation absorbed or 

emitted when the molecules, atoms, or ions of a sample move from one energy state to 

another. UV-Visible (UV-Vis) spectroscopy is a type of absorption spectroscopy in which 

light of the ultraviolet region (200  400 nm) is absorbed by the molecule, resulting in the 

excitation of electrons from the ground state to a higher energy state. It refers to the 

measurement of the intensity of radiation using a photoelectric transducer or other electronic 

devices. 

 

UV-Vis spectroscopy is frequently used to provide characterization data for a variety of 

materials. Inorganic or organic, solid or liquid groups such as organic molecules and 

functional groups can be observed using UV-Visible spectroscopy. It is also used for 

reflectance measurements for coatings, paints, and transmittance of different wavelengths of 

beam light. The various responses of samples make this technique highly versatile in 

pharmaceutical analysis. 

 

Antibacterial compounds are among the most commonly analyzed drugs in pharmaceutical 

quality control. Drugs such as Ciprofloxacin, Amoxicillin, Doxycycline, and Metronidazole 

are broad-spectrum agents used globally for a variety of bacterial infections. The structural 

complexity of these compounds, combined with the need for accurate quantitation, makes 

UV-Visible spectroscopy a technique of choice due to its accessibility, cost-effectiveness, 

and reliability. 

 

This review examines the theoretical principles of UV-Visible spectroscopy, the 

instrumentation components of UV-Visible spectrophotometers, the pharmacological profiles 

of the selected antibacterial compounds, and the integrated spectroscopic procedures applied 

for their analysis, including calibration methodology and structural elucidation using 

ChemDraw software. 
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Principles of UV-Visible Spectroscopy 

Electronic Transitions 

The electronic spectrum arises when electrons in atoms or molecules absorb energy and move 

from a lower electronic energy level to a higher one. This absorption typically occurs in the 

UV Visible region (200 800 nm) of the electromagnetic spectrum. When radiation induces 

an electronic transition in a molecule or ion, the object will exhibit absorption in the visible 

or ultraviolet range. As a result, when a sample absorbs light in the ultraviolet or visible 

range, the molecules inside the sample experience a change in their electronic state, with 

electrons promoted from the ground state orbital to a higher energy excited state or anti-

bonding orbital. 

 

Potentially, three types of ground state orbitals may be involved:
[1]

 σ (bonding) molecular 

orbital,
[2]

 π (bonding) molecular orbital, and
[3]

 n (non-bonding) atomic orbital. Two types of 

anti-bonding orbitals may also be involved:
[1]

 σ* (sigma star) orbital and
[2]

 π* (pi star) orbital. 

There is no n* anti-bonding orbital as the n electrons do not form bonds. The following 

electronic transitions can occur by the absorption of ultraviolet and visible light: σ το σ*, η το 

σ*, η τo π*, and π τo π*. 

 

Due to their high energy requirements, the σ το σ* and n to o* transitions both take place in 

the far ultraviolet area or sporadically in the range of 180-240 nm. Saturated groups 

consequently do not show high absorption in the common UV range. In contrast, transitions 

to the π* anti-bonding orbital from a to π* type occur in molecules with unsaturated centers, 

requiring less energy and occurring at longer wavelengths. 

 

Key spectral shift descriptors include: 

Descriptive Term Nature of the Shift 

Bathochromic shift (Red shift) Towards longer wavelength 

Hypsochromic shift (Blue shift) Towards shorter wavelength 

Hyperchromic effect Towards higher absorbance 

Hypochromic effect Towards lower absorbance 

 

Beer-Lambert Law 

Beer-Lambert Law describes the fundamental relationship between absorbance and 

concentration in a solution. It is expressed as 

 

Where: A is the absorbance of the solution; lo is the intensity of the incident light: I is the 
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intensity of the transmitted light; & is the molar absorptivity (or molar extinction coefficient), 

which is a constant that indicates how strongly the substance absorbs light at a particular 

wavelength; c is the concentration of the analyte in the solution; and 1 is the path length of 

the sample cell. This law forms the basis for all quantitative UV-Vis analyses performed in 

this review. 

 

Applications of UV-Vis Spectroscopy 

UV-Visible spectroscopy has several analytical applications in pharmaceutical science: 

 Detection of Impurities: UV-Vis spectroscopy can help identify impurities by measuring 

absorbance differences, which might indicate the presence of unintended substances. 

 Structural Elucidation of Organic Compounds: The spectra provide information about 

electronic transitions in molecules, aiding in the determination of molecular structures. 

 Quantitative Analysis: Used to measure the concentration of substances based on 

absorbance, following the Beer-Lambert Law. 

 Qualitative Analysis: Helps in identifying compounds by analyzing their absorbance 

spectra and comparing them with known spectra. 

 Chemical Analysis: Determines the concentration and composition of chemicals in a 

sample. 

 

Instrumentation of UV-Visible Spectrophotometer 

The UV-Visible spectrophotometer consists of the following major components that work in 

concert to measure light absorption at varying wavelengths 

 

Light Source 

Two types of light sources are typically employed. A Tungsten lamp provides radiation in the 

visible range, while a Deuterium (D2) lamp provides radiation in the ultraviolet range 

(approximately 180  400 nm). The combination of both lamps allows measurement across 

the full UV-Visible spectrum. UV spectrophotometers are available in two main 

configurations: (A) Single beam UV-Visible spectrophotometer and (B) Double beam UV-

Visible spectrophotometer. 

 

Monochromator System 

The monochromator isolates specific wavelengths from the light source. Two principal 

types are 

Used. 
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1) Prism Monochromator: Uses a glass or quartz prism to disperse polychromatic light 

into its component wavelengths through refraction. The desired wavelength is selected using 

an exit slit. 

 

2) Grating Monochromator: A monochromator that images a single wavelength or 

wavelength band at a time onto an exit slit. The spectrum is scanned by the relative motion of 

the entrance and/or exit optics (usually slits) with respect to the grating. A diffraction grating 

defines an optical component with a periodic structure that splits the light into various beams 

travelling in different directions. 

 

Collimating Devices 

These devices are used to focus and divert the light beam. They include lenses, mirrors, and 

slits that collimate the light before and after it passes through the monochromator and sample 

compartment. 

 

Sample Cell 

Cuvettes are containers that hold the sample. They are typically made of quartz for UV 

measurements and glass or plastic for visible measurements. The standard path length is 1 

cm. Some instruments include temperature control for studies requiring precise temperature 

management. 

 

Detector System 

Two main detector types are used in UV-Vis spectrophotometers 

1) Photomultiplier Tube (PMT): PMTs are known for their high sensitivity and low noise, 

making them ideal for detecting very low light levels. They work by amplifying the signal 

through a series of dynodes that increase the number of electrons generated from incident 

photons. This makes them suitable for applications where high sensitivity is crucial, such as 

in low-concentration analyses or in systems with weak signals. 

 

2) Photodiode Array (PDA): PDAs are composed of an array of photodiodes, each 

detecting light at a different wavelength simultaneously. This allows for rapid scanning and 

data acquisition over a range of wavelengths without moving parts. PDAs are commonly used 

in modern UV-Vis spectrometers for their speed and efficiency, particularly in applications 

requiring quick and comprehensive spectral analysis. 
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Readout Device 

A suitable amplifier or readout device is used to display and record the absorbance or 

transmittance data generated by the detector system. Modern instruments are coupled with 

computer-based data processing systems. 

 

Drug Profiles of Selected Antibacterial Compounds 

Four antibacterial compounds were selected for this review on the basis of their wide clinical 

use and spectroscopic relevance. The pharmacological and physicochemical profiles of each 

compound are presented below. 

 

1. Ciprofloxacin 

Category: Second-generation fluoroquinolone antibiotic; Broad-spectrum antibacterial 

agent. 

 

Chemical Name: 1-cyclopropyl-6-fluoro-1,4-dihydro-4-oxo-7-(1-piperazinyl)-3-

quinolinecarboxylic acid. 

 

Brand Names (India): Ciproxin, Cifran, Ciplox. 

Ciprofloxacin is a broad-spectrum fluoroquinolone antibiotic that inhibits bacterial DNA 

gyrase and topoisomerase IV, enzymes essential for bacterial DNA replication and 

transcription. It is active against both Gram-positive and Gram-negative organisms. Synthesis 

of Ciprofloxacin involves:
[1]

 preparation of the quinolone scaffold using the aromatic ring as 

base;
[2]

 nucleophilic replacement reaction to introduce the piperazine ring at position 7;
[3]

 

introduction of the cyclopropyl group at N-1 using the Name-to- Structure tool or 3-

membered ring template; and
[4]

 hydrolysis using NaOH to form the final carboxylic acid 

product. 

 

2. Amoxicillin 

Category: Broad-spectrum antibacterial agent: ẞ-lactam antibiotic; Amino penicillin. 

Chemical Name: (2S,5R.6R)-6-[(R)-(-)-2-amino-2-(p-hydroxyphenyl)acetamido]-3,3-

dimethyl-7oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid trihydrate. 

 

Brand Names (India): Mox, Amoxil. 

Amoxicillin is a B-lactam antibiotic of the aminopenicillin class. It inhibits bacterial cell wall 

synthesis by binding to penicillin-binding proteins (PBPs), thereby interfering with 

peptidoglycan cross-linking. Synthesis in ChemDraw involves:
[1]

 drawing the B-lactam ring 
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(6-APA core) from templates;
[2]

 adding the thiazolidine ring adjacent to the B-lactam;
[3]

 

introducing the p-hydroxyphenylglycine side chain at position 6; and
[4]

 connecting via amide 

bond formation with the SOLID BOND TOOL, followed by labelling as Amoxicillin. 

 

Precautions: Take with a full glass of water to prevent esophageal irritation; do not lie down 

for at least 30 minutes after taking the tablet; can be taken with food, but avoid milk at the 

same time. 

 

Side Effects: Sore throat; Esophagitis/esophageal irritation (if taken without enough water); 

Oral or vaginal candidiasis (yeast infection). 

 

3. Doxycycline 

Category: Antibiotic; Tetracycline group (second-generation tetracycline). 

Chemical Name: (4S, 4aR, 5S, 5aR, 6R, 12aS)-4-(dimethylamino)-3,5,10,12,12a-

pentahydroxy-6-methyl-1,11-dioxo-1,4,4,5,5a,6,11,12a-octahydrotetracen. 

Brand Names (India): Doxin-Plus, Revidox, Codox, Glodox-LB, Biodoxi, Dox-M-OZ, 

Doxizen-FA, ylin-Dt. 

 

Doxycycline belongs to the tetracycline class of antibiotics and acts as a second-generation 

tetracycline. Its structural drawing in ChemDraw involves:
[1]

 drawing the four fused ring 

(tetracyclic) system by attaching three additional six-membered rings to the benzene ring 

using the SOLID BOND tool;
[2]

 placing carbonyl groups (=O) at appropriate positions;
[3]

 

inserting hydroxyl groups (-OH) at correct positions on the rings;
[4]

 adding the CONH2 amide 

group on the right side;
[5]

 introducing the dimethylamino group-N(CH3)2 on the upper right 

ring; and
[6]

 adding the methyl group (-CH3) at the appropriate carbon on the upper left ring. 

Synthesis proceeds from Oxytetracycline using Rh2, H2 reduction. 

 

3. Metronidazole 

Category: Antiprotozoal; Antibacterial (nitroimidazole antibiotic); Active mainly against 

anaerobic bacteria and protozoa. 

 

Chemical Name 

2-Methyl-5-nitro-1H-imidazole-1-ethanol. 

Metronidazole is a nitroimidazole antibiotic whose synthesis in ChemDraw involves:
[1]

 

drawing a five-membered imidazole ring from template;
[2]

 adding a methyl group (-CH3) at 

the 2-position;
[3]

 introducing the nitro group (-NO2) at the 5-position using the TEXT TOOL 
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and DOUBLE BOND tool;
[4]

 attaching the 2-hydroxyethyl side chain (-CH2-CH2-OH) to the 

N-1 position;
[5]

 ensuring correct placement of aromatic double bonds, nitro group orientation, 

and hydroxyethyl side chain alignment; and
[6]

 using the TEXT TOOL to label as 

"METRONIDAZOLE". The synthesis route proceeds from glyoxal and 2NH2 via cyclization, 

followed by nitration using HNO3/H2SO4, and final alkylation with NaOH and CH2CH2OH. 

 

Procedure and Spectroscopic Analysis of Antibacterial Drugs 

Structural Drawing Using ChemDraw Software 

The chemical structures and synthesis pathways of all four antibacterial drugs (Ciprofloxacin, 

Amoxicillin, Doxycycline, and Metronidazole) were drawn and finalized using ChemDraw 

Pro software. The general ChemDraw procedure employs the following tool palette for 

structural representation. 

 

Tool Description 

Lasso Makes freehand selection of irregular areas 

Marquee Selection 
Selects all or part of a molecule, reaction, or other object within a 

rectangle 

Solid Bond Draws single bonds between atoms 

Dashed Bond Draws dashed bonds 

Bold Bond Draws bold bonds for stereochemistry 

Hashed Wedge Bond Draws hashed wedged bonds for stereochemistry behind the plane 

Wedged Bond Draws wedged bonds for stereochemistry out of the plane 

Benzene Ring Inserts benzene rings 

Cyclohexane Ring Inserts cyclohexane rings 

Five-membered Ring Inserts cyclopentane/imidazole rings 

Name To Structure 
Converts chemical names into their corresponding chemical 

structures 

Structure To Name Generates the name of structures drawn 

Reaction Arrow Adds reaction arrows from reactants to products 

Text Tool Inserts and edits text labels including atom labels and captions 

 

UV-Visible Spectroscopic Analysis  Amoxicillin 

The following procedure was applied for the UV-Visible spectroscopic analysis of 

Amoxicillin as a representative antibacterial compound. A similar approach is applicable for 

the other drugs in this review. 

 

A. Determination of -max 

1. Prepare Stock Solution A (1000 µg/mL) by dissolving an accurately weighed quantity of 

Amoxicillin in 0.1 M NaOH. 

2. Prepare a working solution of 20 µg/mL from Stock Solution A. 
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3. Scan the solution in a UV spectrophotometer across the range 200-400 nm using 0.1 M 

NaOH as blank. 

4. Record the wavelength of maximum absorbance (λ-max). 

5. The determined λ-max for Amoxicillin was 272 nm at absorbance 0.861. 

B. Verification of Linearity (Calibration Curve): 

6. From Stock Solution A (1000 µg/mL), prepare standard solutions at concentrations 5, 10, 

15, 20, and 25 µg/mL in 0.1 M NaOH. 

7. Measure absorbance of each standard at the determined λ-max of 272 nm. 

8. Plot Absorbance (AU) vs. Concentration (µg/mL) and compute the regression equation and 

R² value. 

 

C. Calibration Data for Amoxicillin (UV Spectroscopy) 

 Absorbance at 272 nm 

5 0.226 

10 0.452 

15 0.678 

20 0.903 

25 1.126 

 

The linearity curve for Amoxicillin at 272 nm demonstrates a highly linear Beer-Lambert 

relationship across the concentration range of 5-25 µg/mL, consistent with accurate 

quantitative analysis. 

 

RESULTS AND DISCUSSION 

The integrated analytical strategy employing UV-Visible spectroscopy was successfully 

applied for the structural characterization and quantitative determination of four selected 

antibacterial compounds. The chemical structures of Ciprofloxacin, Amoxicillin, 

Doxycycline, and Metronidazole were accurately drawn and finalized using ChemDraw Pro 

software, enabling visual verification of molecular features, functional groups, and 

stereochemical configurations. 

 

For Amoxicillin, UV-Visible spectrophotometric analysis at 272 nm demonstrated strict 

adherence to Beer-Lambert Law across a linear concentration range of 5-25 µg/mL, with 

absorbance values ranging from 0.226 to 1.126. The data exhibited consistent increments of 

approximately 0.226 absorbance units per 5 µg/mL increase in concentration, confirming 

excellent linearity. These results validate the suitability of the UV-Vis method for the 

accurate quantitation of Amoxicillin. 
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The spectroscopic approach was guided by the fundamental Beer- Lambert Law (A = 

log10(10/1) = ɛ.c.l), which forms the theoretical basis for all quantitative determinations. The 

use of quartz cuvettes at 1 cm path length and 0.1 M NaOH as the blank and solvent ensured 

spectral fidelity. The detection of the UV absorbance peak at 272 nm for Amoxicillin 

confirmed the presence of the characteristic aromatic ring chromophore and a to π* electronic 

transitions expected in B-lactam antibiotics. 

 

The synthesis routes of all four antibacterial agents were also drawn in ChemDraw, 

demonstrating the reaction mechanisms including nucleophilic replacement (Ciprofloxacin), 

amide bond formation (Amoxicillin), catalytic reduction from Oxytetracycline 

(Doxycycline), and cyclization with subsequent nitration and alkylation (Metronidazole). The 

chemical synthesis of all drugs was drawn and finalized using ChemDraw software. 

 

Practical Recommendations 

1. For quantitative UV-Vis analysis of antibacterial drugs, validate Beer-Lambert linearity 

across the relevant concentration range before sample analysis. 

2. Use quartz cuvettes (path length 1 cm) for all UV range measurements (200 400 nm) to 

ensure accurate transmittance data. 

3. Prepare all standard solutions in appropriate solvents (e.g., 0.1 M NaOH for Amoxicillin) to 

ensure complete dissolution and spectral stability. 

4. Determine A-max experimentally for each compound under the specific solvent conditions 

used, as it may vary with pH and solvent polarity. 

5. Use ChemDraw software for structural elucidation and synthesis pathway visualization to 

complement spectroscopic data. 

6. Scan the full UV-Vis range (200-800 nm) for unknown compounds before narrowing to the 

2-max for quantitative work. 

 

CONCLUSION 

UV-Visible spectroscopy represents a reliable, cost-effective, and integrated analytical strategy 

for the characterization and quantitative determination of selected antibacterial compounds 

including Ciprofloxacin, Amoxicillin, Doxycycline, and Metronidazole. The Beer-Lambert 

Law provides the theoretical foundation for quantitative analysis, and the method demonstrated 

excellent linearity for Amoxicillin at 272 nm across the concentration range of 5-25 µg/mL. 

 

The use of ChemDraw Pro software for structural elucidation and synthesis pathway drawing 
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complemented the spectroscopic data, enabling a comprehensive integrated analytical 

approach. The instrumentation components of the UV-Visible spectrophotometer  including 

the light source (Tungsten and D2 lamps), monochromator, sample cell, and detector systems 

(PMT and PDA)  together provide the accuracy and sensitivity required for pharmaceutical 

analysis 

 

Healthcare professionals, analytical chemists, and quality control personnel should continue 

to employ UV-Visible spectroscopy as a first-line analytical method for antibacterial 

compounds, with appropriate method validation ensuring accuracy, linearity, precision, and 

specificity in all pharmaceutical quality control applications. 
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