












SPECTROSCOPY 
 

SAQ 

1) What is spectroscopy? 

ANS} It is a branch of science that deals with the study of interactions of 

matter with light (or) electromagnetic radiation. It is the most powerful 

tool available for the study of structures of atoms and molecules. 

 

2) What is the electromagnetic spectrum for UV-visible spectra? 

ANS} An electromagnetic spectrum is obtained when all the types of 

electromagnetic radiation are arranged in the order of increasing 

wavelength or decreasing frequencies. Visible light lies in the 

wavelength or range 3800-7600A°. If the wavelength range is less than 

3800A°, the radiation is called ultraviolet radiation. 

 

 

3) What is the electromagnetic spectrum for IR spectra? 



ANS} An electromagnetic spectrum is obtained when all the types of 

electromagnetic radiation are arranged in order of increasing 

wavelength (or) decreasing frequencies. If electromagnetic radiation is 

greater than 7600A°, it is called infrared radiation. Both ultraviolet and 

IR radiation are not visible to Human eye.  

Range of IR radiation = 7600*10⁴⁻⁶ m/s 

                                    = (12500 cm⁻¹ - 50cm⁻¹) 

 

4) What is the electromagnetic spectrum for NMR spectra? 

ANS} An electromagnetic spectrum is obtained when all the types of 

electromagnetic radiation are arranged in order of increasing 

wavelength (or) decreasing frequency. The electromagnetic spectrum 

ranges from 3MHz - 30,000MHz 

 

5) Define UV-visible spectroscopy? 

ANS} UV-visible spectroscopy is also called electronic spectroscopy as it 

involves the promotion of electrons [sigma, pi, n] from the ground state 

to higher energy state. Ultraviolet spectroscopy is used to measure the 

number of conjugated double bonds, differentiate between conjugated 

and non-conjugated systems. It also measures aromatic conjugation 

within the molecules. 

 

6) Define IR spectrum? 

ANS} Infrared spectroscopy is a very important tool for the 

determination of structure of a compound. It is also called vibrational 

spectroscopy at it involves the transition between energy levels. It is 



obtained when the frequency of molecular vibration corresponds to the 

frequency of the infrared radiation absorbed. Apart from vibrational 

changes, rotational changes also occur in the molecule, hence some 

fine structures are obtained on the vibrational bond. 

 

7) Define NMR spectroscopy? 

ANS} lite infrared and ultra-violet spectroscopy, nuclear magnetic 

resonance spectroscopy (NMR) is also a form of absorption 

spectroscopy. The sample absorbs electromagnetic radiation in the 

radio frequency region. It is a plot of the frequencies of absorption 

peaks versus peak intensities. 

 

8) Define Absorption Spectrum. 

Ans} When there is a transition from a lower energy state to a higher 

energy state, the energy absorbed will be equal to the energy 

difference ΔE. The spectrum thus obtained is called an absorption 

spectrum. Emission (or) absorption spectrum can be of two types: 

(i) Atomic spectra           (ii) Molecular spectra 

 

9) Write the applications of UV-Visible Spectrum. 

Ans)1. UV-visible absorption spectroscopy is useful in the structure 

elucidation of organic compounds, e.g., unsaturation or heteroatoms, 

etc. 

2. Impurities present in organic compounds can be detected by UV-

visible absorption spectroscopy. 



3. The extent of conjugation in the polyenes can be detected with the 

help of UV spectroscopy. 

4. An unknown compound can be identified with the help of UV 

spectroscopy. 

5. It is used to detect the presence of certain functional groups present 

in compounds. 

 

10) What are the applications of IR Spectroscopy? 

Ans: Infrared spectroscopy is a very important tool used to determine 

the structure of organic compounds. 

(a) Functional group region (4000–1500 cm⁻¹) 

Examples: -OH, NH₂, C=O 

(b) The fingerprint region (1500–667 cm⁻¹) 

Examples: C–C, C–O, C–N 

 

11) Mention some of the applications of NMR Spectroscopy? 

Ans) It is used to determine the structure of organic compounds. 

Number of signals gives the number of equivalent protons. 

Example: CH3 [three-proton triplet] 

                 -CH₂O [two-proton triplet] 

Splitting of signals specifies the number of neighboring protons. 

Example: H₃C - CH - CH₃ 

                            Cl 



(a) Doublet (6H) 

(b) Septet (1H) downfield 

Position of the signals gives an insight into the functional groups, their 

position, presence (or) absence of hydrogen bonding, etc. 

 

12) Write down the applications of MRI Spectroscopy? 

Ans) Anomalies of the brain and spinal cord. Tumors, cysts, and other 

anomalies in various parts of the body. Certain types of heart problems. 

The evaluation of pelvic pain in women, with causes including fibroids 

and endometriosis. Breast cancer screening for women who face a high 

risk of breast cancer. 

 

 

LAQ 

1) What is the principle of UV spectroscopy? Explain, give any 5 

applications. 

A) Laws of absorption 

Two fundamental laws govern the absorption of light by molecules. 

These are: 

1) Lambert’s law 

2) Beer’s law 

Lambert’s law 

It states that when a beam of monochromatic light passes through a 

homogeneous absorbing medium, the rate of decrease of intensity of 

radiation with thickness of absorbing medium is proportional to the 

intensity of the incident radiation. Mathematically, 



 

Where, k = proportionality constant 

I = intensity of incident radiation 

dl = infinitesimally small decrease in the intensity of radiation on 

passing through an infinitesimally small thickness, dx of the absorbing 

medium. The negative sign on the left-hand side indicates that I 

decreases as x increases.  

 

is the intensity of radiation before entering the absorbing medium (i.e., 

when x=0) and III is the intensity when the beam has travelled the 

thickness x of the absorbing material. The term   is known as 

absorbance or optical density and is denoted by A. 

Alternatively, Lambert's law can be stated as: 

When a parallel beam of monochromatic light enters perpendicularly 



into a homogeneous absorbing medium, the absorbance is directly 

proportional to the length of the path traversed by the beam. 

Beer’s law 

If the absorbing material is in the form of a solution, then the 

relationship between the intensities of incident and transmitted light is 

given by Beer’s law. 

According to this law, when a parallel beam of monochromatic light 

enters perpendicularly into a dilute solution, the absorbance is directly 

proportional to the concentration of the solution. Mathematically, 

 

where k is a constant and cc is the concentration of the solution. 

Beer–Lambert law 

It is the combined form of Beer’s law and Lambert’s law. According to 

it, when a beam of monochromatic light is passed through a solution, 

the decrease in intensity of radiation with thickness of the absorbing 

material is directly proportional to the intensity of incident radiation as 

well as to the concentration of the solution. 

If a monochromatic light of intensity II passes through a solution of 

molar concentration cc and the length of the path is xx cm, then the 

mathematical form of Beer–Lambert’s law is 

 

where ε is a constant called the molar absorption coefficient or molar 

absorptivity. If c=1 and x = 1, then  

Extinction A= ε 

Thus, molar absorption coefficient (formally, the molar extinction 

coefficient) can be defined as the extinction due to a 1 cm thick layer of 



solution whose molar concentration is unity. It is characteristic of a 

compound provided the wavelength of light and temperature are kept 

constant. 

Transmittance 

If TT is the transmittance of a solution, then it is defined as 

  

Transmittance is the reciprocal of absorbance. 

Extent of conjugation 

Conjugation lowers the energy required for a π → π* transition. The 

greater the extent of conjugation, the longer is the absorption 

wavelength. For example, ethylene absorbs at 170 nm due to π → π* 

transitions whereas butadiene having two double bonds absorbs at 217 

nm, and a polyene with 8 conjugated double bonds absorbs at about 

290 nm, i.e., in the visible region and they appear coloured to the 

human eye. Similarly, lycopene with eleven conjugated double bonds 

absorbs at 454 nm and imparts red colour to tomatoes. 

Determination of geometrical isomers 

Effective π → π* transitions take place when the molecule is coplanar. 

The steric strain in cis-isomer prevents coplanarity. Thus, cis isomers 

absorb at a shorter wavelength when compared to the trans-isomer. 

For example, cis-stilbene absorbs at 280 nm and trans stilbene absorbs 

at 295 nm. 

Identification of unknown compounds 

Unknown compounds can be identified by comparing its spectra with 

the spectra of known compounds. Identical spectra reveal identical 

structure and if the spectra is different, then the structure is different. 



Distinction between conjugated and non-conjugated compounds 

Consider the following compounds: (a) (CH₃)₂C=CH-C=OCH₃ 

(b) CH₂=CH-CH₂-C=CH₃ 

Compound (a) has longer λ max values because C = O group is in 

conjugation with the double bond. 

Detection of impurities 

Ethanol contains benzene as an impurity. Since benzene is toxic in 

nature, it is essential to detect its presence. The presence of benzene 

can be detected through the UV spectrum of the sample at 280 nm (Fig. 

15.13). Ethanol is transparent at this wavelength but benzene shows an 

absorption band with     εₘₐₓ = 230. 

Detection of hydrogen bonding 

Hydrogen bonding can be detected on the basis of the shift absorbed in 

polar solvents . 

Quantitative analysis 

This is based on Beer–Lambert’s law 

A=ε*c*l  

where 

A = absorbance at a particular wavelength 

c = concentration of the sample 

ε = constant termed as molar absorptivity or extinction coefficient. 

The absorbance of the standard solution (A₁) and the unknown solution 

(A₂) are measured in a sample cell. If the concentration (c₁) of the 

standard solution is known, the concentration (c₂) of the sample can be 

determined as follows: 

A1/A2=c1/c2  

 



2) What is the principle of IR spectroscopy? Explain, give any 5 

applications. 

A)   

Infrared spectrum 

When a beam of IR radiation of varying frequency passes through a 

sample, it absorbs energy when the energy matches the difference 

between the vibrational energy levels of its bonds. Absorption bands 

are thus obtained. Infrared spectrum is usually plotted with the 

percentage transmittance rather than the absorbance as ordinate. 

This makes the absorption bands appear as dips or troughs rather 

than as maxima as in the case of ultraviolet and visible spectra. 

These dips or troughs are called bands and they represent 

absorption of infrared radiation at that frequency of the sample. The 

bands can be strong, medium, or weak depending upon the 

absorption. 

The position of the infrared absorption band is specified in 

frequency units expressed not in hertz but in wave numbers, cm⁻¹ or 

by its wavelength (λ) measured in micrometers (μm, earlier called 

micron μ). 

Band intensity is expressed 

either in terms of absorbance (A) or transmittance (T): 

 
IR spectroscopy is divided into three regions: 



 
 

• Near IR region: 12,500 cm⁻¹ to 4,000 cm⁻¹ 

• Middle IR region: 4,000 cm⁻¹ to 667 cm⁻¹ 

• Far IR region: 667 cm⁻¹ to 50 cm⁻¹ 

• The near IR region extends from 12,500 cm⁻¹ to 4,000 cm⁻¹ wave 

number. It is of little significance as there are few absorptions in 

this range. 

• The most important and useful region extends from 4000 cm⁻¹ to 

667 cm⁻¹. Most absorptions occur in this region. 

• The far infrared region deals with the pure rotational motion of the 

molecule. Very few absorptions appear in this region. It extends 

from 667 cm⁻¹ to 50 cm⁻¹. 

 

3) What is the principle of NMR spectroscopy? Explain, give any 5 

applications. 

A)  

Magnetic properties of nuclei 

(i)Nucleus – A tiny bar magnet 

All nuclei carry a charge. These charged nuclei are considered to spin. 

The spinning nuclear charge generates a magnetic dipole along the axis 

so that these nuclei behave as tiny bar magnets having a magnetic 

moment μ. 



 
Spinning charge in proton generates magnetic dipole 

(ii) Effect of external magnetic field 

In the absence of an external magnetic field, the magnetic moments 

are randomly oriented. If the nucleus is placed in an external magnetic 

field, it can be oriented in different ways. According to quantum 

mechanics, 2I + 1 orientations are possible where II is the spin quantum 

number of the nucleus. Hydrogen nucleus (proton) with the value of 

 

can have 2I + 1, i.e., 2×(1/2)+1= 2 orientations with respect to the 

external magnetic field. 

It can be aligned either 

(i) Parallel to the field (α spin) or 

(ii) Anti-parallel to the field (β spin) 

 

(Figure 15.31)  (a) Random orientation of magnetic moments in the absence of magnetic field 

                           (b) Magnetic moments aligned in the presence of external magnetic field 

 



(iii) Precessional motion 

The movement of the nucleus is like that of a spinning top. The top 

spins and also moves around slowly. Similarly, the nucleus also 

performs a waltz-like motion; this waltz-like motion of the nucleus 

along the vertical axis is known as the precessional motion (Fig. 15.32). 

 

(Figure 15.32) Proton precessing in a magnetic field H₀ 

As the proton is a spinning magnet, it precesses along the axis of the 

magnetic field with its orientation either along the external magnetic 

field or opposite to it. The orientation along the field has low energy 

and is stable, whereas the anti-parallel orientation has high energy. 

This energy difference ΔE between the two states is given by 

ΔE = 2μH₀ 

Applying Bohr’s relation 

ΔE = hν ………………………… (ii) 



Relating Eq. (i) and (ii), we have 

ν = 2μH₀ / h ………………………… (iii) 

where: 

ν = frequency of the electromagnetic radiation 

μ = magnetic moment of the spinning nuclei 

H₀ = external field in Gauss 

h = Planck’s constant 

It is possible to induce transition between the two states. On absorbing 

energy, a proton precessing in the aligned orientation can pass into 

anti-parallel orientation. This transition of a proton from one 

orientation to another is called flipping of the proton. The proton can 

also return from a higher energy state (anti-parallel orientation β spin) 

to a lower energy state (α spin) by losing energy. 

The energy required to flip the proton from one state to another 

depends upon the strength of the external field. Stronger the external 

field, greater will be the tendency of the proton to remain aligned with 

the field, and higher will be the frequency of radiation required to flip 

the proton to the higher energy state. 

It is important to remember that the precessing proton will absorb 

energy only when the precessing frequency of the spinning nucleus is 

the same as the frequency of the radio frequency beam. When this 

occurs, the nucleus and the radiofrequency beam are said to be in 

resonance. For example, in the field of 14,092 Gauss, the energy 

required to cause flipping of the proton corresponds to the 

electromagnetic radiation of frequency 60 MHz (60 megahertz). 

NMR spectrometers are designed so that the radiofrequency is kept 

constant and the strength of the magnetic field is constantly varied. 

Now, at some value of the field strength, the energy required to flip the 



proton matches the energy of the radiation, and absorption takes 

place. A signal is observed in the spectrophotometer. The spectrum so 

obtained is called the NMR spectrum. When the nucleus involved is the 

proton, it is called PMR or proton magnetic resonance. 

Spin active nuclei 

All nuclei do not exhibit NMR. Those nuclei which exhibit NMR 

phenomenon are called spin active nuclei. All nuclei possess spin 

angular momentum. Only those nuclei with spin quantum number I 

greater than zero will precess along the axis of rotation. 

The spin quantum number I is associated with the mass number and 

atomic number of the nuclei (Table 15.13). It is the resultant of the 

spins of a proton and a neutron. 

 

 

 

 


