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EI6501 – ANALYTICAL INSTRUMENTS 
 

QUESTION BANK 
 

UNIT I  COLORIMETRY AND SPECTROPHOTOMETRY 

 

Part A 

UNIT - I 

1. State Lambert’s law or Bouguer’s law.  
The mathematical statement which states that the radiant power absorbed is proportional to 

the thickness traversed is called the Lambert’s law given by  
Ln p0-ln p=ln (p0/p) =k’b 

Where p0 is the radiant power at x=0 and  
p represents the radiant power of the transmitted radiation that emerges from the 

absorbing medium at x=b and  
b represents the thickness 
k is a constant.  

2. State Beer’s law. 
The dependence of radiant power on the concentration of absorbing species can be given by  

Beer’s law. 

Ln p0/p=k’’C  
Where p0 is the radiant power at c=0 
and p is is the radiant power at c=c and  
c is the concentration of absorbing species  
3. State Lambert-Beer law.   

The relation representing 
Lnp0/p=kbc   

Where p0 is the radiant power at distance & concentration=0.and 
P is the radiant power at distance=b& concentration=c and   
K is a constant is known as Lambert Beer law.   

4. State the major process involved in AAS.  
The AAS phenomenon can be divided into two major process  

1. The production of free atoms from the sample  

2. The absorption of radiation from an external source by these atoms   
5. Name the types of detectors used for IR spectrometry.   

1. Thermal detectors in which the infrared radiations produces a heating effect that alters 
some physical property of the detectors   

2. Photon detectors   
6. Define spectroscopy.   

Spectroscopy is the measurement and interpretation of radiation emitted, scattered or 
absorbed by different atoms, molecules & other chemical species  
7. Name the different types of spectrophotometers.  

1. UV-Visible spectrophotometers.  

2. Infrared spectrophotometers.  

3. FIFR spectrophotometers.  

4. Atomic absorption spectrophotometers.   
5. Flame emission spectrophotometers  
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8. What are the light sources used for AAS?  

1. Hollow cathode lamp  

2. Electrodeless discharge lamp   
9. Give any two applications of flame emission spectrometry.  

1. FES is used in the determination of trace metals in liquid samples.   
2. FES finds wide application in agricultural and environmental analysis, industrial 

analysis of ferrous metal and alloy as well as glasses.   
10. Specify the classification of IR region of spectrum.  

1. Photographic region  

2. Very near IR region (overtone region)  

3. near IR region (vibration rotation region)  

4. Far IR region (rotation region)   
11. Name the instruments used in IR spectrometry.  

1. IR radiation sources  

2. Monochromators  

3. Sample cells  

4. Detectors.   
12. Name few IR radiation sources.  

1. Incandescent source  

2. Nernst glower  

3. Globar source  

4. Mercury arc.   
13. Give the advantages of grating monochromators   

1. Gratings can be made with materials like aluminium which are not affected by 
moisture.   

2. Grating monochromators can be used over wide wavelength ranges   
14. Give 4 different techniques used for sampling of solids.  

1. Solids run in solution  

2. Solid film techniques  

3. Null techniques  

4. Pressed pellet technique   
15. Name two different types of IR spectrometers  

1. Dispersive IR spectrometers  

2. Nondispersive IR spectrometers  
 
16. Give the advantages and disadvantages of Fourier transform IR 
spectrometers. ADVANTAGES:   

1. FIFR methods are faster than dispersive instruments and hence specially useful in 
situations that require fast repetitive scanning.   

2. FIFR provides increased energy throughput.   
DISADVANTAGES: 

1. It is expensive than sequential dispersive instruments   
2. For the precise movement of the mirror computer is also needed. 

17 State the limitations of absorption filters. (May/June’14).   
1. Simplicity  

2. Resolution  

3. Spectral range  
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4. Purity of exiting radiation  

5. Dispersion  

18. Why sensitive detector is required for spectrophotometer? (May/June’14)  

1. Littrow mounting  

2. Ebert mounting  

3. Czerny_turner mounting  

19 Difference between single beam and double beam instrument. (Nov/Dec’14) 

1. Number of photons present.  

2. Path length of light   
3. Concentration of the molecules absorbing light 

20 What is absorption spectrum? (Nov/Dec’14)   
It is a spectrum of electromagnetic radiation transmitted through a substance, showing dark lines 

or bands due to absorption at specific wavelengths. 
 

Part B 
1. Explain flame emission photometer with its instrumentation.   
2. With a block diagram explain the operation of a Flame photometer. List the advantages of 

flame photometry. (May/June’14)   
3. Explain about photo multiplier tube.   
4. What are the limitations of Visual Calorimeter? Explain the working principle of a Double 

beam Calorimeter with a Schematic diagram. (May/June’14)   
5. Explain different radiation source in absorption spectrophotometry.  
 
6. Explain the working principle of various radiation sources and detectors in IR 

Spectrophotometers.   
With a neat diagram, explain the instrumentation setup of Atomic absorption spectroscopy   
(MAY 2013)   

7. With a neat sketch, explain the instrumentation setup and working principle of IR 
spectrometer. (May 2013)   

8. Draw and Explain the schematic diagram of a typical double beam spectrophotometer. (Nov   
2013)   

9. What are non-dispersive spectrophotometers? Explain in detail the FTIR spectrometer. Also 
specify the advantages of the FTIR spectrophotometer. (Nov 2013) (Nov/Dec’14)   

10. State and derive Beer’s law from basic principles. Discuss the limitations of it.  
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UNIT II CHROMATOGRAPHY 

PART-A 

1. Define chromatography. (Nov/Dec’14)  
Chromatography is defined as the physical and chemical method of separation between 

various components of a mixture into pure fractions or bands of each component.  
2. What are the different types of gas chromatography? (Nov/Dec’14)  

The different types of gas chromatography are  
 Gas liquid chromatography 



 Gas solid chromatography. 




3. Define retention time in a chromatography.   
The time required for each of the components to emerge from sample or mixture is called 

as the retention time. 
 

tm- time for un retained component 

tR1 -retention time of component 1 

tR2- retention time of component 2 
 

 

Amount 
Of com-
ponent 
 

TIME----


 
 
4. What are the different parts of gas chromatography?  

 Carrier gas supply with regulators, gauges and flow meters 


 Sample injection system 


 Chromatographic column 




 Thermostat 




 Detector 




 Recorder. 




5. Give the selection criteria for carrier gas.  
The selection criteria for carrier gas are  

 It should be very cheap 


 It should have high thermal conductivity 


 It should be inert 




 The carrier gas should be selected according to the type of detector used. 




6. Write short notes about gas chromatographic column.   
The column acts as the heart of a gas chromatography, where the fundamental process of 

separation takes place. Its action is based on the fact that when a sample of gas or vapour is 
introduced into the column, it spreads by molecular diffusion to give a concentration profile. As 
the sample moves through the column, additional spreading takes place. But ,the band maintains 
the general shape, which is detected and recorded as a chromatographic peak.  

The chromatographic columns are of two types as 
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 Packed column 


 Capillary or Open tubular column. 




7. What is pyrolysis in gas chromatography?   
Pyrolysis is an accepted method of handling solid samples. It extends gas 

chromatographic analysis to compounds such as rubber , soil, textiles, coals, resins, polymers, 
paint films etc.  

The method lends itself to studies on heat stability and thermal decomposition. It is also 
called as controlled thermal fragmentation.  
8. List some detectors in gas chromatography. 

Thermal conductivity detector  
Flame ionization detector  
Thermionic emission detector  
Electron capture detector 

Flame photometer detector  
Photo ionization detector 

Electrolytic conduction type of detection  
Dual detector  

9. Give the principle of Gas-Solid chromatography.  
When a gas or vapour comes in contact with an adsorbent, certain amount of it gets 

adsorbed on the solid surface. This takes place according to a phenomenon called Langmuir 
phenomenon given by 

X/m = k1c+k2c 

Where k1,k2


constants  
x


mass of gas or vapour adsorbed m


 
mass of adsorbent 
c


 vapour concentration in gas phase 
10. Give the principle of Gas-Liquid chromatography.  

If the vapour or gas comes in contact with a liquid, a fixed amount of it gets dissolved in 
the liquid. This takes place according to Henry’s law of partition given by  

x /m =kc 

Where m 


 mass of liquid used  
c


vapour concentration in the gas phase x


 
mass of gas 
k


constant . 
11. What are the advantages of gas chromatography?  

The advantages of gas chromatography 
are Good accuracy and precision  
High sensitivity 

Apparatus cost is cheaper than liquid chromatography  
Shorter time of analysis 

Longer life of the instrument. 

 

12. Write the features of thermal conductivity detector.   
 It is simple, inexpensive, non-selective and non destructive and displays a universal response 
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 Being non destructive ,the column effluent can be passed through a TCD and then into a second detector 




 The sensitivity is 0.3 mg/ml. The linearity is between 10
4
 to 10

5
 


 It is particularly suitable for fraction correction and preparative gas chromatography 




13. On what factor does the choice of detector will depend on liquid chromatography?  
 Good sensitivity 



 Better selectivity 




 The detector must be able to operate in the presence of background signal 




 The response time of the detector must be compactable with chromatography event. 


14. What are the limitations of bulk property detector?  
 It is insensitive 




 It requires good temperature control. 




15. Write the limitations of gas chromatography   
Only about 20% of known compounds lend themselves to analysis by gas 

chromatography. This is because the compounds are volatile and they cannot pass through the 
column. Also they are thermally unstable and decompose under certain conditions of separation.  
16. What are the different types of liquid chromatography?  

The different types of liquid chromatography are  
 Liquid-liquid chromatography 



 Liquid-solid chromatography 




 Ion exchange chromatography or Bonded phase chromatography 




 Exclusion chromatography 




17. Define dead time in Chromatograph. (May/June’14)  

 
The different types of pumps used for mobile-phase delivery system in liquid 

chromatography are  
 Reciprocating pump 

 Syringe type pump 
 Constant-pressure pump. 

18 Specify the various types of Chromatographic Column. (May/June’14) 
 

The different types of columns used in liquid chromatography are 
 Standard column 



 Radial compression column 




 Narrow-bore column 


 Short ,fast column 




 Guard columns and in-line filters. 




19. Write short notes on thin layer chromatography (TLC)   
Here the stationary adsorbents are applied to a planar glass or a plastic surface and the 

solvent is made to flow over them. All the basic types of actions like adsorption, partition, ion 
exchange and gel filtration can be used on TLC while solvents are applied in a chamber.  
20. What are the typical column applications in liquid solid chromatography? 

They are used in plasticizers, antioxidants, polycyclic aromatics, organic peroxides. 
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PART-B 

 
1. Draw the schematic diagram of a gas chromatography and explain the different parts in 

Gas – chromatography.(May 2013), (Nov 2013)   
2. With a block diagram explain the Gas Chromatography. State the factors to be 

considered in Carrier Gas supply system. (May/June’14)  
3. Explain high pressure liquid chromatographs in detail. (Nov/Dec’14)  
4. Explain in detail the following detectors used in Gas Chromatography.   

a).Thermal conductivity detector b).Flame ionization detector  
5. With a neat schematic diagram discuss the 
separation principle of HPLC. (May 2013)   
6. What are the requirements of HPLC pumping system and 
enumerate the application of HPLC.   
7. Give    in    detail    the    classification    of   
chromatography. Explain liquid chromatography. 
Chromatography. (May/June’14)  
8. Explain with sketches the operation of any two detectors used 
in gas chromatography. (Nov/Dec’14)   
9. Explain about Refractive index detector and electrochemical 
detector   
10. Explain with neat diagram about flame photometric detector, 
photo ionization detector and electron captured detector.  
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UNIT III INDUSTRIAL GAS ANALYSER AND POLLUTION MONITORING 
INSTRUMENTS 

 
Part-A  

1. Define Thermal Conductivity of a gas?  
Thermal Conductivity of a gas is defined as the quantity of heat (in calories) 

transferred in unit time (seconds) in a gas between two surface 1 cm
2
 in area when the 

temperature difference the surfaces is 1ºC.  
2. Why thermistors are used in thermal conductivity analyzer as a heat sensing elements?  

Thermistors possess the advantage of being extremely sensitive to relatively minute 
changes in temperature and have high negative temperature coefficients. The speed of 
response is also high.  

3. What are the applications of thermal conductivity gas analyzer?  
a. It is used in the measurement of hydrogen in blast furnace gases  

b. In the determination of argon in Oxygen in the process of air decomposition   
c. In the determination of sulphur dioxide in roasting gases in the production of 

sulphuric acid.   
4. How is nitrogen-di-oxide prepared by chemiluminescence?   

The nitric oxide reacts with ozone to form nitrogen-di-oxide with 

chemiluminescence NO + O3 ----> NO2 + hv (light 0.6- 3μ) 

5. What are the advantages of Hydrogen Sulfide analyzer?  
i) It do not require pumps or aspirators to pull in the sample  

ii) They are unaffected by wind or variations in relative humidity.  

6. What is the use of gold films in H2S analyzer?   
Gold films absorb hydrogen sulfide and register the concentration by a proportional 

change in their resistance.  
7. Where are the electrochemical sensors used?  

Electrochemical sensors are preferred in applications where the atmosphere is 
oxygen, where ruggedness is not important.  

8. What is the principle of H2S analyzer?  
Sample at a constant flow rate enters a humidifier where it bubbles through a 5% 

acetic acid solution. The sample then flows into the reaction window of the sample chamber, 
where it passes over an exposed surface of paper sensing tape impregnated with lead acetate. 
H2S reacts with lead acetate to form lead sulfide causing a brown stain on the paper. The rate 
of reaction and resulting rate of color change is proportional to the concentration of H2S in 
the sample.  

9. What is the principle of CO analyzer?  
It is based on the oxidation of carbon monoxide. It is oxidized by hot mercuric 

oxide. CO + HgO ----> CO2 + Hg (g) 
The mercury vapor released may be measured photo metrically.  

10. What is the use of protective filter in Industrial analyzer?  
In Industrial analyzer gas- handling components should always include a small protective 

filter, preceded by a major filter if the gas contains suspended matter that requires removal. 
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11. What is the use of stream drying equipment?  
If a gas sample has a water vapour concentration high enough to cause condensation 

within the analyzer, or if moisture is an interferent, stream drying equipment is necessary.  
12. What is the need of bypass pumping devices?  

The bypass pumping devices are needed to keep fresh sample rapidly supplied to the 
input of the analyzer.  
13. Classify gas analyzer based on principle. 
i. No interaction of intramolecular energy states   
ii. With excitation of intramolecular energy states 
iii.With chemical or electrochemical reaction   
14. What are the sources of error in oxygen analyzer?  
 

i) The filament temperature is affected by changes in the thermal conductivity of the 
carrier gas.   

ii) The cross tube must be horizontal to avoid an error due to gravitational chimney-
flow effects.   

iii) Hydrocarbons and other combustible gases in the sample stream react on the heated 
filaments causes changes in temperature and therefore their resistance, which results 
in large error.   

15. What is the principle of thermal conductivity analyzer?  
It consists of a measuring cell and reference cell. When a gas whose thermal 

conductivity is lower is passed through the measuring cell, then the platinum wires in the 
measuring chamber are cooled less and their electrical resistance becomes more. The voltage 
across the diagonals is then proportional to the gas being measured.  
16. What are the properties of Gas used for the measurement of Quantity? (May/June’14)  

The ideal gas law allows one to measure temperature on this absolute scale using the gas 
thermometer. The temperature in kelvins can be defined as the pressure in pascals of one mole of gas in a 
container of one cubic meter, divided by the gas constant. 
17. State the principle of Dust measurement in Thermal power plant. (May/June’14)  

i) Electrochemical sensors are used for ambient air monitoring  

ii) Infrared sensors are used for stack gas concentration   
18. What is use of gold films in H2S analyzer? (Nov/Dec’14)  
 

i) Mercury Vapour  

ii) Catalytic Oxidation  

iii) Electrochemical fuel cell  

19. What are the sources of error in oxygen analyzer? (Nov/Dec’14)   
This is because nitric oxide is essentially transparent in the visible and ultraviolet regions; it must first be 

converted to NO2 before it can be measured.  
20.  Explain the calibration methods used in NO2 analyzer? 

The calibration methods are Dynamic calibration & Static calibration  
o Dynamic calibration requires preparation of inert gas containing a known 

concentration of NO2.This may be accomplished by gas dilution techniques.   
Static calibration is carried out with standard solutions of nitrite 

 

Part B 
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1. Explain the working principle of a Paramagnetic Oxygen Analyzer with a functional 

diagram. Specify the need of Oxygen measurement. (May/June’14) (May 2013)   
2. With a block diagram, explain the method of measuring carbon monoxide using Non-

dispersive Infrared Analyzer. (Nov 2013)   
3. Explain how the NO2 analyzer is used. (May 2013)   
4. Explain how the H2S analyzer is used.  
5. Explain how the dust and smoke analyzer is used. (May 2013) (Nov/Dec’14)   
6. With a schematic diagram explain the method of measuring sulphur dioxide SO2 

estimation using conductivity method. (May/June’14)   
7. With a suitable diagram explain the construction and working principle of thermal 

conductivity analyzer. (Nov 2013)   
8. What are the sources of air pollution and explain in detail?  

9. What are the type’s gas analyzers? Explain anyone with example.   
10. Write a short notes on Air pollution due to i) Carbon monoxide ii) Nitrogen oxide iii) 

Hydrocarbons and iv) Sulphur dioxide. (Nov/Dec’14) 
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UNIT IV  
        pH METER AND DISSOLVED COMPONENT 

ANALYZER  
Part A 

 

1. What are the three types of membrane sensor?  
 Glass sensor 



 Solid state sensor 




 Solid matrix sensor 


 
Gas sensing electrode &Biocatlitic electrodes are merely special designs that incorporate one of 
the three types.  

2. How measurements are done in ion selective electrodes?  
Ion selective electrodes measure ion activities, i.e., measures the thermodynamically 

effective free ion concentration. In dilute solutions, ion activity usually approaches ion 
concentration.  
3. Define conductivity of electrolyte.  

The conductivity of electrolyte is a measure of the ability of the solution to carry electric 
current. The current through the solution takes place through the movement of electrically 
charged particles called ions.  
4. Give the methods of measuring conductance?  

 Null method 


 Direct reading method. 




5. Why temperature compensation necessary in conductivity measurement?   
The conductivity of electrolytic solution varies with temperature. This is because, the 

ionic mobilizes are temperature dependent. The temperature coefficient is of the order of 1.5 to 
2% at room temperature. So control of temperature is very essential.  
6. Give the methods of measurements of Oxygen?  

Methods used to measure Oxygen are classified as either Physical or Chemical methods 
Physical method uses the paramagnetic property of Oxygen or thermal conductivity as the basis 
for quantitative determination. Chemical method includes potentiometric & catalytic 
combustion.  
7.  Give the working principle of electrical conductivity meter? 
 

The instrument works on the following principle, that the conductivity of an aqueous 
solution depends on the inorganic impurity,& the instrument measures this in terms of resistance 
of a std. water column or tube through which the sample is passed. The conductivity is the 
reciprocal of resistance.  
8. Give the application of Silica analyzer? 
 

In thermal power plants, silica content is measured in steam before turbine. Silica 
analyzers are used for anion exchanger, efluent monitoring & effluents of mixed –bed 
exchangers.  

9. What are the two measurements made in Silica analyzer?  
 Chemical blank measurements 



 Quantitative determination 
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10. What is chemical blank measurement?  

In this sequence the ammonia molybdate solution, sulphuric acid&reduction solution are 
simultaneously added to the mixing vessel. This solution is diluted with sample to a suitable 
volume & is then emptied to the, ensuring cuvette where it is measured & drained away. This is 
known as chemical blank measurement.  

11. What is the use of blank in silica analyzer? 
The reason for the use of blank on each cycle is to give the analyzer long term  

stability by compensating for the effect of variables such as coloration of the sample or reagents, 
temperature,or aging of the lamp of photo cell.  
12. Give the application of Sodium analyzer?  

Sodium analyzers find applications in thermal power plants for determining sodium ion 
concentration in boiler water, monitor in carry over detection of condenser leaks &the exhaustion 
of water treatment plant cation exchange units.  
13. Why ammonia gas is added to the sample in Sodium analyzer?  

The sodium selective glass electrode carries out the measurement in buffered solution 
above 10PH, where it responds specifically to value of the sample is  
Sodium ion activity. So the PH must be adjusted to within desired range .The PH value of the 
sample is maintained in the flow cell by adding ammonia gas to the sample.  
14. How PH of a solution is measured & gives the Nernst equation? 

PH is measured by electro chemical cell, consist of two electrodes 
 Measuring Electrode 



 Reference Electrode 


 
Measuring electrode is sensitive to hydrogen ions &Ref: Electrode is not sensitive to hydrogen 
ions. The PH is calculated by Nernst equn: which is given as 
 

E=E0 +2.303RT/F [PcH] 
 

Where PcH is the PH value deviation from 7. 

R is the gas constant 

T is the absolute temperature 

F is the Faradays constant.  
15. Give the different types of electrodes used for PH measurements?  

 Hydrogen electrode 


 Glass electrode 




 Calomel electrode 




 Combination electrode 




16. Give the characteristics of glass electrode?  
 Sensitivity is above 95% 



 Fast response 




 Low melting point 




 Relatively high electrical conductivity 


 High higroscopicity. 


17 Mention the role of Buffer solution in pH measurement. (May/June’14)  
Buffers are aqueous solutions with well defined pH values. A buffer solution contains chemicals that will 
maintain a constant pH regardless of additions of small quantities of acids or bases i.e. it must have a 
buffering capacity. This is where the term buffer originates from. 

www.rejinpaul.com

Get useful study materials from www.rejinpaul.com



Valliammai Engineering College/Dept of EIE  Prepared by : K. S. Jaibhavani & S.Ezhilarasi 

18. What are the difference between pH electrodes and Ion selective electrodes? 

(May/June’14)  
An ion-selective electrode (ISE), also known as a specific ion electrode (SIE), is a transducer (or sensor) 
that converts the activity of a specific ion dissolved in a solution into an electrical potential, which can be 
measured by a voltmeter or pH meter. The voltage is theoretically dependent on the logarithm of the ionic 
activity, according to the Nernst equation. The sensing part of the electrode is usually made as an ion-
specific membrane, along with a reference electrode. Ion-selective electrodes are used in analytical 
chemistry and biochemical/biophysical research, where measurements of ionic concentration in an 
aqueous solution are required, usually on a real time basis. 
 
19. Why ammonia gas is added to the sample in Sodium analyzer? (Nov/Dec’14)  
Humidity is the measure of water vapour present in a gas. It is usually measured as absolute 
humidity, relative humidity or dew point temperature. 

 
Dew point is the temperature at which saturation of water vapor pressure is equal to the partial 
pressure of water vapor in the atmosphere. 
 

20.  Give the characteristics glass electrodes. (Nov/Dec’14)  
A glass electrode is a type of ion-selective electrode made of a doped glass membrane that is sensitive to 
a specific ion. It is an important part of the instrumentation for chemical analysis and physico-chemical 
studies. In modern practice, widely used membranous ion-selective electrodes (ISE, including glasses) are 
part of a galvanic cell. The electric potential of the electrode system in solution is sensitive to changes in 
the content of certain type of ions, which is reflected in the dependence of the electromotive force (EMF) 
of galvanic element concentrations of these ions 
 

 

PART-B 

 
1. What is Reference Electrodes? What are the various types of Reference Electrodes? 

Compare the properties of different types of Reference Electrodes. (May/June’14)   
2. Describe the construction of a pH electrode. Draw the electronic circuit diagram for 

measuring pH of a liquid and explain its working.   
3. Discuss how pH values are measured. Explain the role of calomel electrodes in this 

measurement.   
4. State the principle of measuring Dissolved Oxygen in Boiler Feed Water. Explain any 

one method to measure the dissolved oxygen. (May/June’14)   
5. Discuss in detail the principle, characteristics of electrodes used in pH meters.  

6. Write the short notes on: i) Sodium analyzer ii) Silicon analyzer (Nov/Dec’14)  

7. Explain different types of ion selective electrodes.   
8. Describe a method of measuring dissolved oxygen content in the boiler feed water. Why 

dissolved oxygen content is monitored in feed water? Also specify the cause of dissolved 
oxygen content in feed water.   

9. Explain the working principles of biosensors with a conceptual diagram. Also specify the 
various parameters to be measured using Biosensor.   

10. Explain  in  detail  about  construction  and  working  principle  of  ammonia  electrodes.   
(Nov/Dec’14)  

. 
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UNIT V 
ELECTRO MAGNETIC RESONANCE AND MICROSCOPIC TECHNIQUES 

 

 

PART-A 
 
1. What is the basic principle of NMR? (Nov/Dec’14)  

Elementary particles such as electrons or nucleus behave as if rotates about an axis and thus 
have the property of spin . The angular momentum associated with the spin of particle will be 
an integral or a half integral multiple of h / 2П, where h is Planck’s constant. Based on the 
property of spin, nuclei may be divided into three types. 

 

(i) If the number of neutrons and the number of protons are even, the spin would be zero.   
Nuclei of this type do not give rise to an NMR signal; neither do they interfere with an 

NMR signal from other nuclei. Examples C
12

,O
14

.   
(ii) Nuclei having either the number of protons or the number of neutrons as odd have 

half-integral spin. Examples are H
1
, B11, P31, etc.   

(iii) Nuclei which have both the number of neutrons and the number of protons as odd, 

would have integral spin .For example, H2 and N
14.

  
2. Define NMR? Give the expression for the chemical shift.   

The study of absorption of radio frequency radiation  by nuclei in a magnetic field ia called   
Nuclear Magnetic Resonance(NMR). 

The expression for the chemical shift is 
 

 H sample - H TMSi   *10
6
 

δ   = H 1 
 

Where H sample and HTMSi are the positions of the absorption peaks for the sample and 

reference mate.  
3. Write any three applications of NMR Spectrometer. 
 

I. Quantitative analysis  :  

The NMR Spectrometry is used to determine the molar ratio of components in 

a mixture.  

II. Hydrogen Bonding:   
Here the NME is used to study Hydrogen bonding in organic compounds 

proton signal is shifted towards low field in the case of hydrogen bonding. 
 

III. Elemental analysis:   
Here NBMR Spectrometer is used for determination of the total 

concentration of a given kind of magnetic nucleus in the sample.  
4. Mention the limitations of NMR Spectrometer.   

1. While charactering the organic compounds, no information about the molecular weight 
is given, but the relative number of different protons present is only known.  
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2. In some compounds, two different types of H2 atoms at similar resonance frequencies 

resulting in an overlap of spectra .This makes difficult interpretation of such 
overlapped spectra.  

3. In most of the cases, only liquids can be studied by NMR spectrometry.  

 

5. What are the basic components of NMR Spectrometry?  
The basic components of the NMR spectrometry are:  

 Magnet, produces magnetic field in the range 10,000 to 25,000 gauss 

 Radio frequency transmitting system. 

 The signal amplifier and detector. 

 A display device, which may be a recorder or an oscilloscope. 

 A non-magnetic sample holder, which holds this sample. 
6. What is Mass Spectrometry? (Nov/Dec’14)   

Mass spectrometry is the most commonly used method which provides qualitative and 
quantitative information about the atomic and molecular composition of organic and inorganic 
materials. It produces charged particles that consist of the parent ion and ionic fragments of the 
original molecule, and it sorts these ions according to their mass/charge ratio.  
7. Mention the advantages of Mass spectrometry.  

1. Better Sensitivity.  

2. More detailed understanding of kinetics and mechanisms of uni-molecular  

decomposition of molecules.  
3. Improved Specificity in identifying unknowns or confirming the presence of 

suspected components.  
8. What are the various parts of the Mass spectrometer?  

1. Sample inlet system.   
2. Ion source.  

3. Ion acceleration and Mass analyzer.  

4. Ion collection system  

5. Data handling system.  

6. Vacuum system.  

9 Why high intensity magnets are preferred for NMR? (May/June’14)  
NMR absorption spectra can be obtained either by changing the 

frequency of the Radio frequency oscillator or by changing the spacing’s of the energy levels 
by varying the magnetic field. 

 
10. Sketch the typical NMR Spectrometer. 
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Fig: Block diagram of a NMR 
spectrometer 11. What is the principle behind the GM counter?  

When an ionizing particle enters the counter, collision with the filling gas produces 
ion pairs. The formed ion pairs move towards the appropriate electrode under the voltage 
gradient. The mobility of electron is high and under this potential gradient it acquires sufficient 
velocity to produce new ion pairs by collision with atoms of argon. Repeating of this process 
produces an avalanche of electron moving towards anode. Electrons when striking generates 
ionization throughout the tube, called discharge. Each discharge builds a constant pulse counted 
by scale counter. .  
12. What is proportional counter?  

When the electric field at the centre electrode of an ionization chamber is increased 
above the saturation level, but under that of the Geiger region, the size of the output pulse from 
the chamber starts to increase but remains proportional to the initial ionization. A device 
operated in this principle is called a proportional counter.  
13. What is depletion region?  

A surface barrier detector consists of a p-n junction formed at the surface of a slice of 
silicon. At the junction there is a planar region where there are no charge carriers and no 
electric field is called depletion region.  
14. List the various types of semiconductor detectors. (May/June’14)  
 

1. Surface barrier Silicon detector.  

2. Lithium drifted Silicon and Germanium detectors.  
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15. What is the dead time in GM counter?  
When the electron avalanche is collected on the anode, the positive ions, being much 

heavier, progress only a short distance on their way to cathode.. Their time travel is about 200s. 
During most of this time their presence as a virtual sheath around the anode efficiently lowers 
the potential gradient to a point where the counter is insensitive to the entry of more ionizing 
particle. This time is called dead time of GM counter.  
16. Define Absorption, Fluorescence and Diffraction in X-ray Spectrometers?  

Absorption of X-rays gives the information about the absorbing material just as in other 
regions of the spectrum.  

Fluorescence emission of X-rays enables to identify and measure heavy elements in the 
presence of each other and in any matrix.  

Diffraction of X-rays enables analysis of crystalline materials with a high degree of 
specificity and accuracy.  
17. What are the basic instrumentation of X-ray spectrometer  

1. X-ray generating equipment  

2. Collimator  

3. Monochromator  

4. Detector   
18. Why do we go for a solid state detector instead of scintillation detector, etc?   

The electrical output from the solid-state is smaller hence a high gain, low noise 
amplification is required. To diminish noise pickup a preamplifier is generally located to the 
detector. Also scintillation counters suffer from poorer energy resolution. Therefore, solid state 
detectors are mostly used.  
19. What are the types of nuclear radiation detectors?  

1. Photo graphic Emulsions   
2. Ionization chamber  

3. The Geiger counter  

4. Proportional counter  

5. Scintilation counter  

6. Semi conductor detector   
20. Write short notes about the X-ray generating equipment?   

X-rays are generated in specially designed high vacuum sealed-off tubes, which 
have copper or molybdenum as target. Targets are made of tungsten ,iron, chromium, nickel are 
also sometimes used for special purposes .Due to the bombardment of electrons, under the 
influence of the high voltage, the target becomes hot, which can either rotated or cooled with 
cooling water. 
 

 

PART-B 
 

 
1. Draw the block diagram of an NMR spectrometer. Explain the function of each part and 

explain how it is used to obtain NMR spectra. How are these spectra useful? (May  
2013)   

2. What are the basic components of a Mass spectrometer? Explain the functions of each 
component. (May/June’14) (May 2013)  

3. Explain time of flight and quadrupole mass spectrometers.  
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4. Describe the working of double beam mass spectrometer and give its applications.   
5. Explain the instrumentation and applications of Scanning Electron Microscope (SEM) 

and Transmission Electron Microscope (TEM). (Nov/Dec’14)   
6. Describe how various samples are analyzed using NMR spectrometer with neat diagram.  
 
7. Explain the construction and working principle of Electron Spin Resonance (ESR) 

spectrometer with neat diagram. (May/June’14)  
 
8. Explain in detail the construction and working principle of single focusing 

mass spectrophotometers. (Nov 2013)  
 
9. In NMR spectroscopy mention the advantages of using a magnet with as great a field 

strength as possible. Also explain the difference between a continuous wave and fourier 
transform NMR.  

 
10. What are the basic components of electron Spectroscopy? Also explain the working 

principle of Electron spectroscopy with a neat block diagram. (Nov 2013)  
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