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Ultraviolet-Visible Spectroscopy 
 

Spectroscopy is the measurement and interpretation of electromagnetic radiation absorbed or 

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

another energy state. 

UV spectroscopy is type of absorption spectroscopy in which light of ultra-violet and visible 

region (800-200 nm) is absorbed by the molecule which results in the excitation of the 

electrons from the ground state to higher energy state. 

 

 

 

Radiation ν(cm) (typical 

values) 

Wave- number 

(µm
-1

) 

Size of quantum 

(electron volts) 

Absorption or emission of 

radiation involves 

Gamma rays 10-10 10
6
 1.2 x 10

6
 Nuclear reactions 

X-rays 10-8 10
4
 1.2 x 10

4
 Transitions of inner 

atomic electrons 

Ultraviolet 10-5 10
1
 1.2 x 10 Transitions of 

4 x 10
-5

 2.5 1 outer atomic  

Visible 8 x 10
-5

 1.25 3.1 electrons 
   1.6  

Infrared 10-3 10-1 1.2 x 10
-1

 Molecular vibrations 

Far infrared 10-3 10-2 1.2 x 10
-2

 Molecular rotations 

Radar 10
1
 10-5 1.2 x 10

-5
 Oscillation of 

Long radio 10
5
 10-9 1.2 x 10

-9
 mobile or free 

waves    electrons 
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ELECTRONIC TRANSITIONS 

 

The absorption of UV or visible radiation has a close similarity to the excitation of 

outer electrons. There are three types of electronic transition that can be observe- 

• Transitions require π, σ, and n electrons 

• Transitions require charge-transfer electrons 

• Transitions require d and f electrons  

When a species (atom/molecule) absorbs energy, electrons are upgraded from the 

resting/ground state to an excited state. In a molecule, the atoms can spin and vibrate 

with respect to each other. These vibrations and spins also have separate energy 

levels, that can be observed as starting packed on top of each electronic level. 

Absorbing Species (Atom/ Molecule) Containing π, σ, & n Electrons  

Absorption of radiation (UV and visible) in organic molecules is confined to certain 

functional groups i.e. an atom or group whose presence is responsible for the color of a 

compound (chromophores) that contain lone pair electrons of low excitation energy. The 

spectrum becomes complex when a molecule having chromophore like property. Due to 

the superposition of spinning and vibrational transitions on the electronic transitions 

results in a combination of crossing lines. This appears as an uninterrupted absorption 

band. 

Conjugated Systems 

When the presence of substituted pi bonds increases, the energy difference b/w the 

highest occupied molecular orbital and lowest unoccupied molecular orbital decreases, a 
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smaller amount of energy is required for the electronic transition that resulting in an 

increase in λmax.  

 It can be used to compare and identify the similarities in molecules. 

Possible Electronic Transitions of π, σ, & n Electrons  

 

 

 

σ → σ* Transitions 

An electron in a bonding sigma (σ) orbital is excited to the corresponding anti-bonding 

orbital but it required very high energy. For example, methane (CH4) 

undergo σ → σ*
 transitions and give the highest absorbance at 125 nm that is not seen 

between 200 - 700 nm(UV-Vis. Spectra) because it has only sigma/ single bond between 

C and H atoms. 

n→ σ* Transitions 

Compounds containing the greatest possible number of hydrogen atoms with unshared pair (non-

bonding electrons) need less energy to undergo n→ σ*
 transitions than σ → σ*

 transitions 
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energy. They can give the highest absorbance at the range of 150 - 250 nm. The number of 

organic moieties with n→ σ*
 peaks in the UV region is small.  

n→ π* and π → π* Transitions 

Generally, absorption spectroscopy of organic molecules is based on transitions 

of n or π electrons ground state to the π*
 excited state. Due to the absorption peaks for 

these transitions fall in 200 - 700 nm an experimentally. n→ π*
 and   π → π*

 transitions 

required double or triple bonds or unsaturation in the molecule to give the π electrons. 

n→ π*
 transitions have quite low molar absorbtivities b/w 10 to100 L mol

-1
 cm

-1
  

while the π → π*
 transitions generally provide molar absorbtivities b/w 

1000 and 10,000 L mol
-1 

cm
-1
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CHROMOPHORE 

A chromophore is a molecule or part of a molecule that is responsible for its color. It has a large 

number of Pi electrons like beta Carotene. It also causes conformational changes in the molecule 

when exposed to light. On the other hand, any moiety that shows the absorption of 

electromagnetic radiation in a visible or UV region but it may or may not transmit any color to 

the molecule e.g. azo, nitro, nitroso, group, etc. The carbonyl group is an important 

chromophore, but the absorption of light by the pure group does not make the rise to any color in 

UV spectroscopy. 

Types of chromophores 

There are two types of chromophore – 

1. Chromophores having π- electrons such as ethylenes, acetylenes group-containing compounds, 

etc. 

2. Chromophores having both π and n- electrons such as carbonyls, nitriles, azo nitro group-

containing compounds, etc. 

 

 

 

 

 

 

 

 

 

Some Important Chromophore Groups 

 

Nitro 
N

O

O  

Nitroso 

 

 

N O  

Azo 

 

N N  

Azoxy N NH

O  

Carbonyl 

 

C O
 

P- quinonoid 

 

 O- quinonoid 
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Compound Color λ max nm 

 

Benzene 

Colorless 203 

N+

O

-O

 

Nitrobenzene 

Pale-yellow 355 

N

N
 

Azobenzene 

Red 320 

OO
 

P-Benzoquinone 

Yellow 242 

 

• Spectrum bend near 300 nm, the compound has 2-3 conjugated units 

• Spectrum bend near 270- 350 nm, with 10-100 ε max due to n- π* transition (Carbonyl 

moiety) 

• 10,000-20,000 high ε max  due to the presence of double or triple bonds chromophore 

(alpha/ beta-unsaturated ketone)   

• Spectrum with 100-10,000 ε max due to aromatic characteristics of  molecules 
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AUXOCHROME 

Auxochrome is the part of the molecule responsible for the enhancement of color in any 

molecule but they don’t have any color. These moieties have n- electrons that alter wavelengths 

and intensity of absorption. e.g. -OH, -NR2, -NH2, -CH2, SH, SCH3 group, etc. 

 

Compound Auxochrome λ max ε max 

Benzene  

 

- 

 

255 

 

203 

H2N

Aniline  

 

-NH2 

 

280 

 

1430 

 

 

 
OH

 
N+

O

-O

 

OHN+

O

-O

 

Benzene 

(Colorless) 

Phenol 

(Colorless) 

Nitrobenzene 

(Pale-yellow color) 

P-Nitrophenol 

(Yellow color) 

 

• Auxochrome 

• Chromophore 
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SPECTRAL SHIFTS 

 

 

 

 

 

 

 

 

1) Bathochromic Shift/Red Shift- When absorption maxima or lambda max of a 

compound shift to longer wavelength (forward) due to the presence of auxochrome is 

known as bathochromic Shift/red Shift. For example  

 

Compound λ max 

N

 

Pyridine 

 

 

257 nm 

N  

2- methyl pyridine 

 

260 nm 
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2) Hypsochromic Shift/Blue Shift- When absorption maxima or lambda max of 

a compound shift to shorter wavelength (backward) due to the absence of 

auxochrome is known as hypsochromic Shift/Blue Shift. For example, the 

lambda max of aniline occurs at 280nm due to the lone pair of electron of N 

atom conjugated with π bond of the benzene ring.  

While in an acidic medium it shifts towards shorter wavelength (blue shift) 

῀203nm due to ionization of aniline (conjugation removed). 

 

Compound λ max ε max 

H2N
 

Aniline 

280nm 1430 

H3N
 

Aniline ion 

203nm 160 

 

 

 

3) Hyperchromic Shift- When the absorption intensity (ε) increases due to the 

introduction of auxochrome in the compound is known as the hyperchromic shift. 
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4) Hypochromic Shift- When the absorption intensity (ε) increases due to the removal of 

auxochrome from the compound is known as the hyperchromic shift. 

 

Compound ε max 

 

N

 

Pyridine 

 

 

2750 

N  

2- methyl pyridine 

 

3560 

 

 

Solvents Effect on Absorption Spectra 

 

Solvents play an important role in UV spectroscopy because it helps to dilute sample as 

required. Polar and non-polar solvents are used to prepare UV samples  

 

 

 

 

 

 

 

 

 

 

Solvents λ max (nm) Polarity  

Water 191 10.2 

Cyclohexane 195 0.0 

Methanol 203 5.1 

Ethanol 204 4.3 

Diethyl ether 218 2.8 

Chloroform 237 2.7 

Carbon tetrachloride 257 1.56 
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• The solvent can mask the compound peak. Therefore the solvent will be chosen in such a 

way that it neither absorbs into the measurement region nor affects the absorption of the 

sample.  

 

 

 

 

 

• The position and intensity of the absorption band shift (hyperchromic and hyporchromic 

shift) when spectra recorded in different polarity solvents. 

 

Compound  Solvent  Polarity  ε max 

 

N  

2- methyl pyridine 

Hexane  0.1 2000 

Chloroform 2.7 4500 

Ethanol 4.3 4000 

Ethanol:HCl (1:1) - 5200 

   

 

• Increase in pH of Solvent shift the spectra towards red shift while the decrease in pH of 

solvent shift the spectra towards blue shift e.g. More unshared pair of the electron, greater 
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delocalization in phenoxide ion than phenol, shift the spectra towards bathochromic shift/ 

redshift 

 

OH +  H2O H3O+   + O-

Phenol Phenoxide ion
 

 

 

 

 

 

• Solvents consist of double and triple bonds or heavy atoms like sulfur, bromine, and 

iodine are generally avoided. 

• Colorless, less polar solvents are generally used to overcome shifting effect.  

 

Beer-Lambert Law 

 

Beer’s law- when a monochromatic light passes through an absorbing media its intensity 

decreases more rapidly as an increase in the concentration of absorbing media.  

I = I0 e
-k2c 

Lambert’s law- when a monochromatic light passes through an absorbing media its intensity 

decreases more rapidly as an increase in the length of absorbing media.  

I = I0 e
-k1l 

When both laws combine together form beer’s lamberts’ law 

Compound λ max (nm) ε max 

 Phenol 270 1450 

Phenoxide ion 287 2600 
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The law states that the sum of light absored by an absorbing media dissolved in a completely 

transmitting solvent is directly proportional to the concentration of the absorbing media and the 

path length of the light through the media.  

I = I0 e
-k3 cl 

 

• Absorbance is directly proportional to the concentration of media  

 

A = εcl = log(I0/ I) 

Where  

A= Absorbance 

ε = molar absorbance coefficient (L mol
-1 

cm
-1

) 

C concentration of media (mol/L) 

l = Length of the light path through the cell (cm)  
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Derivation 

Mathematically law can be describe as  

dI

d�
 ∝  I … … … … … … … . (1) 

Where  

dI is little bet decrease is intensity of light when passing through the small distance dx and I is 

the intensity of monochromatic light just before entering in the absorbent medium.  

Eq. (1) may be written as – 

dI

d�
 = ∝  aI … … … … … … … . (2) 

Where  

��

��
  is the rate of decrease of intensity with thickness of cell dx, a is absorption coefficient 

Integration of equation (2) after rearrangement gives 

-ln I = ax+C  …………………(3) 

Where 

C is constant of integration. At x = 0, I=I₀ 

So C = -ln I₀.  Introduction of this in eq. (3) results-   

!"
#

#₀
 =  −%� … … … … … … … . (4) 

Eq. (4) can be written as-  

# = #₀'()�……………… (5) 

Eq. (5) can be written as-  
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log
#

#₀
=

−%

2.303
� … … … … … … … (6) 

or 

log
#

#₀
= −a′� … … … … … … … (7) 

Where  

a'  (=
)

../0/
) is extension coefficient and !"

1

1₀
 absorbance of medium, absorbance is represented by 

A 

Lambert’s law is extended by Beer who showed that absorbance is not only depends upon 

intensity of light but also on the concentration of the solution. 

−
dI

d�
  ∝  C … … … … … … … . (8) 

Combination of both laws resulting 

−
dI

d�
  ∝ I ×  C … … … … … … … . (8) 

or 

−
dI

d�
 =  bI ×  C … … … … … … … . (9) 

When the concentration “C” is expressed in mol/L, b is molar absorption coefficient   

In the case of Lambert’s law eq. (9) may be transformed into- 

log
#

#₀
=

−7

2.303
× c × � … … … … … … … (10) 

or  

log
#

#₀
= ε × c × � … … … … … … … (11) 
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or   

log
#

#₀
= ε × c × ! … … … … … … … (12) 

Where  

ε (=
(8

../0/
) is molar extinction coefficient which is expressed in mol/L/cm and it is depends upon 

the nature of absorbing analyte and wavelength of incident light  

Equation 11or 12 is generally known as Beer-Lambert’s law 
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Deviations 

 

 

There are two types of deviation- (1) Positive Deviation- when a little bet change in analyte 

concentration results in a greater change in absorbance. (2) Negative deviation- when a grater 

change in analyte concentration results in small change in absorbance.   

Deviation from Beer Law   

A non-linear curve results deviation from beer law. A system is said to obey Beer’s law when a 

platted graph gives a straight line (concentration vs absorbance).  

The Beer’s law deviations can be classified into three categories 

Real Deviations- These are fundamental deviations due to the limitations of the law itself. 
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a) Beer’s law requires dilute solutions only so it is a limiting law. 

b) At high concentration (exceeding 0.01M) solute molecules can cause different charge 

distribution on their adjacent species in the solution. 

c) High concentration experienced shift in spectra. 

d) In case of large ions or molecules experience deviations even at very low concentrations  

Chemical Deviations–   

� Deviations occur when a specific chemical species of the sample is being analyzed.  

� Solvent undergoes association, dissociation and interaction results different product. For 

example, phenol red experiences a resonance transformation when change in pH occurs, 

the acidic form (yellow) to the basic form (red). The molecule bonds retransformed as the 

electron distribution occur due to the pH of the solvent in which it is dissolved. So Acid 

and Base forms of phenol red give chemical deviations of Beer law in UV- Vis. 

Spectroscopy 

Instrument Deviations  

� Deviation occur due to improper handling of instrument   

� Polychromatic radiation- Beer law is strictly followed a monochromatic source of 

radiation.  

� Stray radiation- Scattered radiation is the radiation from the instrument that is outside the 

nominal wavelength band selected due to reflection and scattering by the surfaces of 

lenses, mirrors, gratings, filters and windows. 

� The wavelength of the stray radiation is different from the wavelength band selected.  

� The radiation exiting from a monochromator is often affected with minute quantities of 

scattered or stray radiation. 

� When the analyte absorb the stray radiation (wavelength), Beer’s law deviation formed.  

� Mismatched cell- when the reference and standard cells are having different path-lengths, 

Beer’s law deviation formed. 

� Improper slit- when the width of the slit is not proper, undesirable radiation fall on the 

detector cause deviations. 
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Instrumentation 

Ultra Violet or Visible Spectroscopy  

� Double Beam UV Spectrophotometer(Schematic Diagram) 

 

� Single Beam UV Spectrophotometer (Schematic Diagram) 
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Light Source 

 

UV or visible radiation source 

Deuterium and Hydrogen lamps 

A pair of electrodes is enclosed in a glass tube containing hydrogen or deuterium gas.  When 

current is passed in electrodes electron discharge is occurring which exited the gas molecule which 

results in the emission of radiation (UV & Visible). 

Wavelength: 160-800 nm 

Quartz window must be employed  

 

 

 

 

Xenon arc Lamp 

It consists of two tungsten electrodes form an arc at a specific distance and xenon gas is stored 

(under pressure) in quartz or fused silica tube. It emits radiation with a higher intensity (500 nm) 

than a hydrogen discharge lamp. 

Wavelength: 750-1000 nm. 
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Tungsten Halogen Lamp  

It is also known as a halogen lamp. It is an incandescent light source. It is consists of a filament 

made up of tungsten enclosed in a quartz vessel containing an inert gas and a small quantity of 

Iodine or bromine (Halogen).  

Its 85% emitted light lies in IR and near IR region, 15 % in the visible region, and less than 1% in 

the UV region. 

 

 

 

 

 

  

 

Mercury Vapor Lamp  

These lamps are ideal light sources that provide high-intensity light in the deep UV to visible 

regions. 

It consists of 2 alloys (tungsten) electrodes which are placed together in a medium containing 

mercury vapor and 25-50 torr of pure argon gas. These electrodes are enclosed in an elliptically 

shaped in a silica glass tube. 

It provides clear white light, high intensity with 24000 hrs of life.  
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Wavelength Selector 

Filter and Monochromator 

Filter  

Filter is a device used to get selected wavelength. It allows the light pass through it but absorbed 

the light of different wavelength may partially and fully. A specific filter is used to obtain the 

desired wavelength for special analysis like absorption filters and interference filters.  

Absorption Filters: These filters are made up of glass and gelatin solid sheets colored by the 

pigments of oxides of Vanadium, iron, nickel, copper, Chromium, Cobalt, etc. It works by 

absorbing the unwanted radiation and transmit only the required radiation. Selection of filters 

done as per filter color chart, for example If the color of solution is BLUE a filter having a 

complimentary color ORANGE is used in the analysis.  

 

 Similarly, we can select the required filter in colorimeter, based upon the color of the solution. 

Absorption Filters are Simple in construction, Cheaper, and Selection of the filter is easy, while 

these are less accurate and having more (±20-30nm) bandwidth. 
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Interference Filter 

These filters give selective wavelength by declining the unwanted wavelength. These filters are 

made up of glass plates, which are silvered internally and separated by thin film of CaF2, SiO, 

and MgF2. These filters have 40-60% peak transmittance and 10-15nm band pass. These are 

Provide narrower band pass and greater transmittance than absorption filter.  

Prism  

It is made from glass, Quartz or fused silica. It convert a white light to the rainbow color light. 

 

The effective wavelength depends on the dispersive power of prism material and the optical 

angle of the prism. There are two types of mounting (1) ‘Cornu type’(refractive), which has an 

optical angle of 60
o
 and its adjusted such that on rotation the emerging light is allowed to fall on 

exit slit. While (2) “Littrow type”(reflective), which has optical angle 30
o
 and its one surface is 

aluminized with reflected light back to pass through prism and to emerge on the same side of the 

light source i.e. light doesn’t pass through the prism on other side. 
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Gratings  

These are most effective one in converting a polychromatic light to monochromatic light and 

achieved resolution near +/- 0.1nm 

Two types of gratings are used- 

(1) Diffraction grating- give more refined dispersion of light These are consist  large number 

of grooves about 15000-30000/ inch is ruled on highly polished surface of aluminum.  

For best result aluminum is spread over the surface. To overcome scattered radiation the gratings 

are blazed to concentrate the radiation into a single order  

(2) Transmission gratings- give higher and linear dispersions than prism monochromator and 

used over a wide wavelength ranges. These are made up of aluminum. 

Sample hander or cells or cuvettes 

Cuvettes are used for the handling of samples. These are rectangular or cylindrical 

in shape with two rough and two smooth sides, and made up of glass, quartz or 

fused silica.  
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Detector 

Detector is a device which transforms light energy into electrical signals that are 

observed on recorder. The characteristics of ideal detector is give quantitative 

response, high sensitivity,  low noise,  short response time, and response 

quantitative to wide spectrum of radiation received. 

  Some commonly used detectors are as follows  

(1) Barrier layer cell/Photovoltaic cell 

It is consist of a coated silver or gold thin layer of metallic film which acts 

as an electrode and another metal plate acts as another electrode. Both of the 

layers are separated by selenium layer that act as a semiconductor. When 

UV radiation falls on selenium layer, an electron become mobile and is 

taken up by transparent metal layer that results a potential difference 

between the electrodes & causes the flow of current. When it is connected to 

galvanometer, a flow of current observed which is proportional to the 

intensity and wavelength of light falling on it. 

 

 

 

(2) Phototubes/ Photo emissive tube  
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It is consists of a evacuated glass tube with a photocathode and a collector 

anode. The surface of photocathode is coated with a layer of elements like 

cesium, silver oxide and its mixtures. When radiant energy falls on 

photosensitive cathode, electrons are emitted which are attracted to anode 

causing flow of current. It is more sensitive than barrier layer cell. 

 

 

(3) Photomultiplier tube  

Photomultiplier tube is multiply the photoelectrons by secondary emission of 

electrons. A primary photo-cathode is fixed in a vacuum tube which receives 

radiation from the sample. Some 08 to 10 dynodes are fixed each with 

increasing potential of 75-100V higher than preceding one. Near the last 

dynode an electron collector electrode is fixed. It is extremely sensitive to light 

and detect weaker or low radiation. 



Ultraviolet–visible spectroscopy 

 

 

Reference 

1. Merritt w; A test book of instrumental methods of analysis  

2. Chatwal G. R. A test book of Instrumental methods of chemical analysis  

3. Shrama Y R; A textbook of Elementary organic analysis, Principles and 

chemical applications 

4. Kasturi A V; A textbook of pharmaceutical analysis 

 

 

 

 


