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 Class 8th Semester, BPHM 802  Pharmaceutical Analysis-III 

Module 01  

A. Electromagnetic Radiations:  

Nature of Electromagnetic Radiations, the interaction between energy and matter. 

B. Ultraviolet and Visible Spectrophotometry: 

 Electronic excitation, quantitative laws, deviations from Beer's law, graphical 

presentation of data, chromophores, photometric error, instrumentation (light sources, 

prism and grating monochromators, photoemissive and photomultiplier tubes), single and 

double beam instruments, spectrophotometric measurements, concentration and optimum 

absorbance value, applications. 

Suggested Readings / Books: 

 

1. L.G. Chatten, Pharmaceutical Chemistry, V 01. 1 and 2, Marcel Dekker, NY (Latest 

Edition). 

2. A. H. Beckett and J. B. Stenlake, Practical Pharmaceutical Chemistry,Vol. 1 and 2, 

Athlone Press of the University of London (Latest Edition). 

3.  H. Willard, L.L., Marriott; Jr., J. A. Dean, Instrumental Methods of Analysis, Van 

Nostrand Reinhold, N.Y. (Latest Edition). 

4. J. W. Robinson, Undergraduate Instrumental Analysis, Marcel and Dekker Inc., NY, 

1970 (Latest Edition). 

5. V. M. Parikh, Absorption Spectroscopy of Organic Molecules, Addison-Wesley 

Publishing  Co., London, 1974 (Latest Edition). 

 

A. Electromagnetic Radiations:  

Nature of Electromagnetic Radiations, the interaction between energy and matter. 

Definition of Electromagnetic Radiations: It is a form of energy which showing wave and 

particle like behavior, when travels in space. It has both electric and magnetic field 

components, which oscilates in phase perpendicular to each other and perpendicular to 

the direction of energy propagation. 

Nature of Electromagnetic Radiations: There are two properties of Electromagnetic 

Radiations:  

1. Wave Property: C = νλ 

2. Particle / Photon Property: E = hν 
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Interaction between energy and matter: 

The most interesting types of interaction in spectroscopy involve transitions between 

energy levels of chemical species. Other types of interactions, such as reflection, elastic 

scattering, interference and diffraction, are related to bulk properties of materials rather 

than to energy levels of specific molecules or atoms. 

What is Spectroscopy? 

Sunlight is composed of many components which can be separated by passing through 

some medium (prism). Such a separation of the components constitutes the formation of a 

spectrum. This study of interaction of the components of light with matter is known as 

Spectroscopy. 

• The word spectroscopy implies the use of electromagnetic spectrum to gain information 

about organic molecules. 

Ultraviolet spectroscopy incultates that the information will be obtained from a specific 

region of the electromagnetic spectrum called the ultraviolet region (190 to 400 nm U.V. 

Region and 400 to 800 nm Visible Region) 

 

Electromagnetic Spectrum 
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Electronic absorption spectroscopy 

 

  

Absorption spectroscopy 

• Provide information about presence and absence of unsaturated functional groups 

• Useful adjunct to IR 

• Determination of concentration, especially in chromatography 

• For structure proof, usually not critical data, but essential for further studies 

• NMR, MS not good for purity 

• Absorption : A transition from a lower level to a higher level with transfer of energy from 

the radiation field to an absorber, atom, molecule, or solid.  
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Emission: A transition from a higher level to a lower level with transfer of energy from 

the emitter to the radiation field. If no radiation is emitted, the transition from higher to 

lower energy levels is called nonradiative decay. 

 

 

Origin of electronic spectra: 

Absorptions of UV-vis photons by molecule results in electronic excitation of molecule with 

chromophore. 

chromophore    Any group of atoms that absorbs light whether or not a color is thereby produced. 
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The electronic transition involves promotion of electron from a electronic ground state to higher 

energy state, usually from a molecular orbital called HOMO to LUMO. 

Substitutents with Unshared Electrons or auxochrome:  

The non-bonding electrons can increase the length of the π system though 

resonance. 

• The more available these n-electrons are for interaction with the π system of the 

aromatic ring, the greater the shifts will be. (-NH2, -OH, -OCH3, -X) 

• Interactions of this type between the n and π electrons usually cause shifts in the 

primary and secondary benzene absorption bands to longer wavelength. 

• In addition, the presence of n-electrons in these compounds gives the possibility 

of n→π* transition 

Selection Rules: 

 

 

Ultraviolet spectroscopy 
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• Ultraviolet radiation is the part of the electromagnetic spectrum which bridges the gap 

between the longest wavelength x-rays and shorter wavelength visible light.  

• This UV region is divided into into far UV (10- 200 nm) and near UV or quartz (200-380 

nm) regions. Far UV radiation is absorbed by air because of  the moisture and also 

because of electronic transitions in atmospheric O2, N2 and CO2. One must use vacuum 

apparatus to study far UV radiation. That is why this region is known vacuum region.  

• Quartz optics are therefore used to study in the near UV region. Glass absorbs UV 

radiation in this region. 

• The total energy of the molecule is the sum total of its binding or electronic, vibrational 

and rotational energy. 

• Energy absorbed in the UV region produces changes in the electronic energy of the 

molecule resulting from the transitions of valency electrons in the molecule. 

• In the case of molecules, electronic transitions occur at the molecule orbital levels. Such 

transitions require the amount of energy possessed by the photons in the UV region and 

become the chief area of interest in UV spectroscopy.  

 

Electronic Transitions: 

In the ground state both the  e-  are in the bonding  orbital and have opposite spins 

whereas  the antibonding * orbital is empty. When the molecule absorbs photons of 

correct energy, one of these e- is promoted to antibonding *  molecular orbital. This state 

of the molecule is referred to as the excited state.  

Similar transitions can take place for s and n elctrons also. For radiation to cause 

electronic excitation it must be in the UV region of electromagnetic spectrum. 

 

The valence electrons are the only ones whose energies permit them to be excited by near 

UV/visible radiation. 
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Absorbing species: 

• Electronic transitions 

p, σ, and n electrons 

d and f electrons 

Charge transfer reactions 

p, s, and n (non-bonding) electrons 
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Sigma and Pi orbitals 

 

Electron transitions: 
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Transitions: 

1. σ to  σ * 

UV photon required, high energy 

Methane at 125 nm 

Ethane at 135 nm 

2. n to σ * 

Saturated compounds with unshared e-  

Absorption between 150 nm to 250 nm 

electrones between 100 and 3000 L cm-1 mol-1  

Shifts to shorter wavelengths with polar solvents 

* Minimum accessibility  

Halogens, N, O, S 

3. n to π *, π to π * 

Organic compounds, wavelengths 200 to 700 nm 

Requires unsaturated groups 

n to π * low e (10 to 100) 

* Shorter wavelengths 

π to π * higher e (1000 to 10000) 

4. d-d 

a. 3d and 4d 1st and 2nd transitions series 

b. Broad transitions 

i. Impacted by solution 
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Solvent effects: 
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A third property of a solvent 

The ability of a solvent to influence the wavelength of ultraviolet light 

which will be absorbed. 

1. Polar solvents may not form hydrogen bonds as readily with 

excited states as with ground states of polar solvents. Transitions of 

the *type are shifted to shorter wavelengths by polar solvents. 

2.  On the other hand, in some cases the excited states may form n→π stronger hydrogen 

bonds than the corresponding ground state. In such cases, a polar solvent would shift an 

absorption to longer wavelength, since the energy of the electronic transition would be 

decreased. Transitions of the π  to π * type are shifted to longer wavelengths by polar 

solvents. 
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 Characteristic groups may be recognized in the complex structures 

 

The absorption results from the conjugated “enone” portion of the two compounds.  

 

Ultraviolet (UV) Spectroscopy – The Instrumentation 

 

 

The spectrometer itself – this houses the lamps, mirrors, prisms and detector.  The 

spectrometer splits the beam of radiation into two and passes one through a sample and 

one through a reference solution (that is always made up of the solvent in which you have 

dissolved the sample).  The detector measures the difference between the sample and 

reference readings and communicates this to the recorder 
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       Double-beam UV Spectrophotometer: 

 

 

Optical system of a double-beam spectrophotometer 

Quantitative analysis: 

UV absorption spectroscopy can be used for the quantitative determination of compounds 

that absorb UV radiation. This determination is based on Lambert Beer’s law which is as 

follows. 

Introduction to UV-Visible 

Absorption spectroscopy from 160 nm to 780 nm 

Measurement of transmittance 

à Conversion to absorbance 

* A= -logT = Ɛ b c  

 

 

Where : 

 I0 -Intensity of incident light 

 I  -Intensity of transmitted light 

 ε -is extinction co-efficient,  

 c- is concentration, and  

 b- is the length of the cell that is used in UV spectrophotometer. 
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Standard Practice 

1. Prepare standards of known concentration 

2. Measure absorbance at λmax 

3. Plot A vs. concentration 

4. Obtain slope 

5. Use slope (and intercept) to determinethe concentration of the analyte in the unknown 

Instrumentation: 

• Light source 

Deuterium and hydrogen lamps 

W filament lamp 

Xe arc lamps 

• Sample containers 

         Cuvettes  

Plastic 

     Glass 

Quartz 

Monochromator 

Braggs law, nλ = d(sin i + sin r) 

Angular dispersion, dr/dλ = n / d(cos r) 

 Resolution, R = λ/Δλ = nN,  

resolution is extended by concave mirrors to refocus the divergent beam at the exit slit 
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UV Spectrometers 

 

                                   Single beem UV Spectrophotometer 

 

 

                                         Double  beem UV Spectrophotometer 

 

Chemical kinetics: 

Kinetics of reaction can also be studied using UV spectroscopy. UV radiation is passed 

through the reaction cell and the absorbance changes can be observed. 

UV spectrum: 

❖ UV spectrum is a plot of absorption intensity (ordinate) versus wavelength (abscissa). 

The absorption intensity is plotted either as Є or log Є and is reported as  Єmax meaning 

that this is the maximum molar extinction coefficient. 

❖ The wavelength of absorption is usually expressed as λmax, meaning that this is the 

maximum absorption.  
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Applications of U.V. Spectroscopy: 

1. Qualitative analysis: UV absorption spectroscopy can characterize those types of 

compounds which absorbs UV radiation. Identification is done by comparing the 

absorption spectrum with the spectra of known compounds. 

Comparison of U.V. Spectra of benzene with phenol: 

 

 

2.  Detection of Impurities  

UV absorption spectroscopy is one of the best methods for determination of impurities in 

organic molecules. Additional peaks can be observed due to impurities in the sample and 

it can be compared with that of standard raw material. By also measuring the absorbance 

at specific wavelength, the impurities can be detected. 

U.V. Spectra of  Paracetamol (PCM) 
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3. Structure elucidation of organic compounds: UV spectroscopy is useful in the 

structure elucidation of organic molecules, the presence or absence of unsaturation and 

thepresence of hetero atoms. From the location of peaks and combination of peaks, it can 

be concluded that whether the compound is saturated or unsaturated, hetero atoms are 

present or not etc. 

 

4. Quantitative analysis of pharmaceutical   substances 

Many drugs (raw material or formulation) e.g. Diazepam, Chloramphenicol etc., can be 

assayed by making a suitable solution of the drug in a solvent and measuring the 

absorbance at a specific wavelength. 

 

 

 


