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Abstract- Ultraviolet spectroscopy is one of the most important and advance analytical instrument in pharmaceutical 

industry .many different types of materials can be characterized using UV-Spectroscopy. It is used since last 35 years. 

spectroscopy is generally preferred especially by small scale industries as the cost of the 

equipment is less and the maintenance problems are minimal. The method of analysis is based on measuring the absorption 

of a monochromatic light by colorless compounds in the near ultraviolet path of a spectrum (200- 400nm). The processes 

required to ascertain the identity , strength, quality and purity of such substance are 

included in the pharmaceutical analysis. It also comprise the analysis of raw material and intermediates during the process 

of manufacturing of drugs. The dissociation constants is a crucial factor in the development and 

optimization of a novel molecule for successful formulation development. The ultraviolet-visible spectroscopy is used to 

obtain the absorbance spectra of a compound in a solution or as a solid. 

 

Index Terms- UV spectroscopy, Detector, Analytical, spectra. 

 

INTRODUCTION= Ultraviolet spectroscopy (UV) is a physical technique of optical spectroscopy that uses light in the visible, 

ultraviolet and near infrared ranges. The molecular absorption is studied in the wavelength 

region of 190 to 800nm of electromagnetic spectrum. It is based on beer-lambert law. In this region of wavelength ultraviolet region 

from 190nm-400nm and visible region from 400nm-800nm. 

UV spectroscopy is usually applied to organic molecules, inorganic ions or complexes in solutions, although solid materials such as 

glass or film can be analyzed as well. The obtained UV spectra are very useful for quantitative measurements of a specific compound. 

When a monochromatic radiation passes through a sample cell containing homogeneous solution, the intensity of emitted radiation 

depend upon the thickness (b) and the concentration (c) of the solution. The amount of radiation absorbed may be measured in a 

number of ways: 

Transmittance, T = I/I0 Transmittance %T = 100 X T Absorbance A = 2 – log10 %T 

The equation, A= 2 – log10 %T, it allows you to calculate absorbance from percentage transmitted data. 

In many application ,other technique could be employed but none rival UV-vis spectroscopy for it’s simplicity, versatility, accuracy, 

speed, and cost effectiveness. 

 

PRINCIPAL: The principle of UV-Visible spectroscopy is based on Beers-lambert law. 

Beer’s-lambert law: the law state that the absorbance ‘A’, of a substance in a solution is directly proportional to concentration of 

absorbing species in the solution and path length. Thus, for a fixed path length ,it can be used to determine the concentration of the 

absorber in a solution. 

Absorbance A = molar absorptivity constant x cell length x concentration. A = abc 

 

C = A /a b Where, 

A = absorbance 

a= molar absorptivity. b=path length. 

C=concentration. 

 

• ELECTRONIC TRANSITION: 

When radiation induces an electronic transition in a molecule or ion’s structure, 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. The energy supplied by the light Will 

promote electrons from their ground state orbital to higher energy, excited state orbital or Anti-bonding orbital. The energy supplied 

by the light will Promote electrons from their ground state orbitals to higher energy, excited state orbitals or antibonding orbitals. 

potentially, three type of ground state orbitals may be involved: 

Σ (Bonding) molecular 

Π (Bonding) molecular orbital 

N (non-Bonding) atomic orbital. 

In addition, two types of anti-bonding orbitals may be involved in the transition 1Σ* (sigma star) orbital. 

2Π* (pi star) orbital. 

There is no such thing as an n* anti-bonding orbital as the n electrons do not form bonds). 

Thus the following electronic transitions can occur by the absorption of ultraviolet and Visible light. 

σ to σ* 

n to σ* 
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n to π* 

π to π* 

Due to their high energy requirements, the σ to σ* and n to σ* 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 to 

transitions to the π* anti-bonding orbital, transitions from then to the π* and To π* type occur in molecules with unsaturated centers. 

They need less energy and take place at longer wavelengths. 

 σ to σ* Transition: : 

An electron in a bonding σ orbital is excited to the corresponding antibonding orbital. The energy required is large. For example, 

methane (which has only C-H bonds, and can only undergo σ to σ* transitions) shows an absorbance Maximum at 125 nm. 

Absorption maxima due to σ to σ* transitions are not seen in typical UV-Vis. Spectra (200 – 700 nm 

 n to σ* Transition: 

Saturated compounds containing atoms with lone pairs (non-bonding electrons) are capable of N to σ* Transitions These transitions 

usually need less energy than σ to σ*. Transitions They can be initiated by light whose wavelength is in the range 150 - 250 nm. 

 n to π* and π to π* Transitions: 

Most absorption spectroscopy of organic compounds is based on transitions of n or π electrons to the π*excited state. This is because 

the absorption peaks for these transitions fall in an experimentally convenient region of the spectrum (200 - 700 nm). These 

transitions need an unsaturated group in the molecule to provide the π electrons. Molar absorptivity from π to π* transitions are 

relatively low, and range from 10 to 100 L mol-1cm-1. π to π* transitions normally give molar absorptivity between 1000 and 

10,000 L mol-1cm-19 can be initiated by light whose wavelength Is in the range 150 – 250 nm. 

 

 

INSTUMENTATION: 

Instruments for measuring the absorption of U.V. or visible radiation are made up of the Following components. 

1. Source 

2. Monochromator 

3. Sample cell 

4. Detector 

5. Readout system 

6. Amplifier

Figure 1 : Elecronic Transitions 
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7. Display 

 

1.SOURCES: 

UV-Vis Spectroscopy requires a continuous source, or one that emits radiation over a broad range of wavelengths. Various UV 

radiation sources are as follows: 

Hydrogen lamp: 

Hydrogen lamp are stable, robust and emit continuous radiation in range of 160-380 nm .It Consist of hydrogen gas under high 

pressure through which there is electrical discharge, hydrogen molecules are Excited and emit radiation. 

Deuterium lamp: 

A deuterium lamp is a gas discharge lamp and is often used as a UV source. It emits in radiation in range of 160- 450nm.It is more 

expensive that Hydrogen lamp. 

Tungsten lamp: 

Tungsten Lamp is the most common light source used in spectrophotometer. It consists of a tungsten filament enclosed in a glass 

envelope, with a wavelength range of about 330 to 900 nm, are used for the visible region. 

Xenon discharge lamp: 

A xenon lamp is a discharge light source with xenon gas sealed in a bulb. The xenon emits Radiation in range of 250-600 nm. 

 

2MONOCROMATOR: 

All Monochromator contain the following component parts; An entrance slit 

A lens 

A dispersing device (usually a prism or a grating) 

A focusing lens 

An exit slit 

 

Polychromatic radiation (radiation of more than one wavelength) enters the Monochromator Through the entrance slit. The beam is 

collimated and then strikes the dispersing element at an Angle. The beam is split into its 

component wavelengths by the grating or prism. By moving The dispersing element or the exit slit, radiation of only a particular 

wavelength leaves the Monochromator through the exit slit. 

3SAMPLE CELL[13]: 

The containers for the sample and reference solution must be transparent to The radiation which will pass through them. Quartz or 

fused silica cuvettes are required for Spectroscopy in the UV region. These cells are also 

transparent in the visible region. Silicate Glasses can be used for the manufacture of cuvettes for use between 350 and 2000 nm. 

4DETECTOR:: 

Light energy is converted by detectors into electrical impulses that are read out by readout devices. The Transmitted radiation strikes 

the detector, determining the amount of radiation absorbed by the sample. The Absorption spectrophotometer’s apparatus uses the 

following types of detector 

Types of detector: 

1}Photomultiplier tube detector 

2}Photodiode detector 

 

1}photomultiplier tube detector: 

In UV-Vis spectroscopy, the photomultiplier tube is a frequently used detector. It is made up of anodes, which release multiple 

Figure 2: Instrumentation of UV Spectroscopy 
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electrons for every electron that strikes them, and a photoemissive cathode, which releases 

electrons when struck by photons of radiation. When a photon of radiation enters the tube, it strikes the cathode, which releases 

multiple electrons. The first anode, which is 90 volts more positive than the cathode, is where these electrons are accelerated. For 

every incident electron that strikes the first anode, multiple electrons are released. In order to produce more electrons that are 

accelerated in the direction of the anode, these electrons are then 

accelerated in the direction of the second anode. At the anode, the electrons are gathered. At this point, 106–107 electrons have been 

produced for every initial photon. The consequent current amplified and measured. 

. 

2}photodiode detector: 

One type of multichannel photon detector is the photodiode detector. These detectors have the capacity to 

measure every component of a scattered radiation beam at once. Numerous tiny silicon photodiodes arranged on a single silicon 

chip make up a linear photodiode array. A single chip can include 64–4096 sensor elements; 1024 

photodiodes are the most prevalent type. A switch and a storage capacitor are also present for every diode. It is possible to scan each 

diode-capacitor circuit in turn. When in use, the photodiode array is arranged so that the spectrum hits it at the monochromator’s 

focal plane, which comes after the dispersing element. They are helpful for capturing the UV-visible absorption spectra of materials 

that are flowing through a sample flow quickly. 

 

• RULE FOR PERFORMING UV SPECTROSCOPY: 

1. Drug Must be completely Soluble in Solvent 

2. Drug must absorb UV Visible radiation or light. 

3. Drug must not interact with solvent 

4. Solvent must be selected on consideration of Cutt off wavelength. 

5. The solvent should be UV transparent at the measuring wavelength. 

6. When using volatile solvents stoppered cells should be employed to avoid evaporation Leading to changes in solution 

concentration. 

7. Absorbtion must be linear. 

8. Only Dilute solution obeys Beer-Lambert law. 

9. Calibration curve must be linear. 

10. In case of Binary drug, both drug must ne soluble in same solvent. 

 

• APPLICATIONS OF UV- VIS SPECTROSCOPY 

1. UV –vis spectroscopy has many different application 

2. Detection of impurities 

3. Structural elucidation of organic compound 

4. Quantitative analysis 

5. Qualitative analysis 

6. Chemical analysis 

7. Quantitative analysis of pharmaceutical substance 

8. Dissociation constant of acids and bases 

9. Molecular weight determination 

10. As HPLC detector 

11. Deviations from the Beer-Lambert law 

12. Detection of geometrical isomer 

 In addition to the above applications, there are still some fields where UV-Vis spectroscopy is widely used. 

1. Quality control 

2. Cosmetic industry. 

3. Petrochemistry. 

4. Pharmaceutical research. 

5. Optical components. 

6. Food and agriculture. 

7. Life sciences. 

 

SOLVENTS CUT –OFF WAVELENGTH: 

Every solvent has its specific absorbance cutoff wavelength. Below this wavelength the solvent itself absorbs the light. When 

choosing a solvent be aware of its cutoff and where your desired analytes will absorb. If the 

wavelengths are close, choose a different solvent. The list below displays the UV cutoff wavelengths of common solvents. 
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Table 1: Solvent cut-off wavelength 

Solvent Cut-off (nm) 

Acetonitrile 190 

Acetone 325 

Is-octanol 202 

Tetrachloroethylene 290 

Benzene 280 

Carbon tetrachloride 265 

Pentane 190 

Ethyl Alcohol 210 

Water 190 

Hexane 195 

 

CONCLUSION: 

UV- visible spectroscopy is a reliable, more precise, effective , quick, and repeatable analytical techniques. 

Generally speaking, there are two main methods of measurement: quantitative analysis, which determines the amount of analyte in 

the sample, and qualitative analysis, which determines which analyte is in the sample. “The area under two points on the mixture 

spectra is directly proportional to the concentration of the compound of 

interest” describes the area under curve approach, which is especially useful for compounds when broad or non- sharp spectra are 

obtained. UV-Visible Spectroscopy is a pharmaceutical examination technique that includes the steps required to ascertain the 

“identity, strength, quality and purity” of a drug. 
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