
UV/VIS
Spectroscopy



Spectroscopy

• Spectroscopy is the study of the interaction between electromagnetic 
radiation and matter

• It is the absorption, emission or scattering of radiation by matter that 
is used to quantitatively or qualitatively study the matter or a physical 
process

• Identity Qualitative spectroscopy

• Measurement of the total amount Quantitative spectroscopy



Electromagnetic Radiation?



Electromagnetic Radiation?





Interaction with matter

From the four possible transitions (n->𝜋*, 𝜋->𝜋*, σ->σ*, 

n->σ*), only two can be elicited with light from the 

UV/Vis spectrum for some biological molecules: n->𝜋* 

and 𝜋->𝜋*



Interaction with matter
Substance Wavelength (nm)

Phenylalanine 257

Tyrosine 274

Tryptophan 280

Cystine (Cys2) 250

Porphyrins ∼400

NAD+ 260

NADH 340

FAD 438

Purines and Pyrimidines 260-275

Porphyrins are the prosthetic groups of haemoglobin, 
myoglobin, catalase and cytochromes

In proteins, there are three types of 

chromophores relevant for UV/Vis 

spectroscopy:

peptide bonds (amide bond) 

[180-230 nm, far-UV range];

certain amino acid side chains 

(mainly tryptophan and tyrosine) 

[260-280 nm, near-UV range];

certain prosthetic groups and 

coenzymes (e.g. porphyrine

groups such as in haem)



Interaction 

with matter



ULTRAVIOLET AND VISIBLE LIGHT 
SPECTROSCOPY

Light source: tungsten filament visible part of the spectrum,        
deuterium bulb UV region



Quantification of light absorption



Beer-Lambert’s law



Molar extinction coefficient (ε)
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Limitations of
UV/Vis Spectroscopy

• Stray light

• Light Scattering

• Interference from multiple absorbing species

• Molecular events- ex: chromophore dimerization

• Geometrical considerations



Applications of UV/Vis Spectroscopy

• DNA and RNA Analysis

• Pharmaceutical analysis

• Bacterial Culture

• Beverage Analysis

• Hemoglobin concentrations-
>cancer research

• Wastewater treatments

Instruments specifically designed to measure turbid samples are nephelometers or Klett meters



Question 1

A solution contains NADH and NAD+, both at 0.1mM 
concentration. If NADH has a molar extinction coefficient of 6220 
and that of NAD+ is negligible, the optical density measured in a 
cuvette of 5mm path length will be?

A. 0.62

B. 0.062

C. 0.31

D. 0.031



Solution:



Question 2



Question 3



Infrared (IR) 
Spectroscopy



Infrared Spectroscopy?



Infrared Spectroscopy



Infrared Radiation



How does infrared light interacts with matter?



How does infrared light interact with matter?

• Stretching Vibration: change 

in bond length

• Bending Vibration: change in 

bond angle



Reference: https://www.youtube.com/watch?v=1PQqDfJKXvA&ab_channel=CaptainCorrosion

https://www.youtube.com/watch?v=1PQqDfJKXvA&ab_channel=CaptainCorrosion


How is an infrared spectrum measured?



How is an infrared spectrum measured?







Infrared Spectrum



Functional Groups and Wavenumbers



Protein- Secondary structure determination

• Amide I: C=O stretching (80%)

• Amide II: CN stretching (18-40%), NH bending 
(40-60%)



Protein- Secondary structure determination

• 1658 and 1650 cm−1
 α-helix

• 1640−1620 cm−1 and 1695−1690 cm−1
 β-sheet

• 1640 and 1648 cm−1
 random coils

• 1670, 1683, 1688 and 1694 cm−1
 β-turns



Characterize Secondary Structure

Protein 1

Protein 2

Protein 3



Detection of Conformational Changes



Following structural transitions

Fibrillation is the process by 

which misfolded proteins form 

large aggregates, for example a 

amyloid fibrils (associated with 

diseases like Alzheimer’s and 

Parkinson’s)



Instrumentation



Instrumentation







Fourier Transform



Logic behind using Interferometer? 


