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Assignment 

on 

Nanomaterials and Applications 

(Part 1) 

-------------------------------------------------------------------------------------------------------------------  

Course Contents: 

Nanoscale Systems 

Length scales in physics, Nanostructures: 1D, 2D and 3D nanostructures (handouts, thin 

films, nanowires, nanorods), Band structure and density of states of materials at nanoscale, 

Size Effects in nano systems, Quantum confinement: Applications of Schrodinger equation- 

Infinite potential well, potential step, potential box, quantum confinement of carriers in 3D, 

2D, 1D nanostructures and its consequences. 

Synthesis of Nanostructure Materials 

Top down and Bottom up approach, Photolithography. Ball milling. Gas phase 

condensation. Vacuum deposition. Physical vapor deposition (PVD): Thermal evaporation, 

E-beam evaporation, Pulsed Laser deposition. Chemical vapor deposition (CVD). Sol-Gel. 

Electro deposition. Spray pyrolysis. Hydrothermal synthesis. Preparation through colloidal 

methods. MBE growth of quantum dots. 

 

Characterization 

X-Ray Diffraction. Optical Microscopy.  Scanning Electron Microscopy. Transmission 

Electron Microscopy. Atomic Force Microscopy. Scanning Tunneling Microscopy. 

-------------------------------------------------------------------------------------------------------------------- 

1. Define nanomaterials.                       (2) 

2. What do you mean by thin film?                (2) 

3. Write the important properties of nanomaterials.            (2) 

4. What do you mean by nanowire?              (2) 

5. What is quantum dot?                (2) 

6. Why are nanomaterials much more reactive than their bulk counterpart?         (2)  

7. What is the requirement of quantum confinement in nanomaterials?          (2) 

8. What is the reason behind the higher surface effects of nanomaterials?          (2) 
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9. Make a schematic comparison of the characteristic density of states for bulk 

semiconductor with quantum confined nanocrystals (2D, 1D and 0D) of the same 

material.                  (4) 

10. Draw a schematic representation of energy states available to the electrons of (i) a 

single atom (ii) atoms in a bulk crystal and (iii) atoms in nanocrystals.         (6) 

11. Consider a particle to be confined in a 1D infinite box defined by the following potential 

distribution: 
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Estimate the allowed eigenfunctions and the energy eigenvalues.          (6)  

12. Estimate the first three energies for an electron in GaAs  quantum wells of width nm 10  

and nm 5 . Assume the mass of electron to be 0067.0 mme  ; 0m being the rest mass of 

electron. Comment on the results.              (6)  

13. Consider a particle to be confined in a 1D infinite box defined by the following potential 

distribution: 
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Solve the Schrödinger equation to find the nature of the wavefunctions in the box and 

the allowed energy eigenvalues.                    (8)  

14. Consider a particle moving along positive x – axis towards a finite potential step defined 

by,    
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 Analyze the problem with special emphasis to the case with 0VE  .                 (8) 

15. Consider a particle to be trapped in a 3D potential box (3D infinite trap) of dimension

LLL  . Solve the Schrödinger equation and obtain the allowed eigenfunctions and 

energy eigenvalues.                (8) 
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16. Consider the trapping of electrons in 2D plane (nanosheet) of thickness t  (very small), 

where the electrons are confined along z - direction and free to move along x - and y- 

directions. Write the expressions for wavefunctions and energy eigenvalues permissible 

to the electrons.                  (4) 

17. Consider the motion of electrons in 1D (nanowire/nanorod/nanobelt) of square cross-

section of dimension tt   where the carriers are free to move along x-axis. Write the 

expressions for wavefunctions and energy eigenvalues permissible to the electrons. (4) 

18. Write the basics of top-down approach for synthesis of nanomaterials.         (2) 

19. Explain in brief the bottom-up approach for synthesis of nanomaterials.         (2) 

20. Why high vacuum is essential when a film is grown by thermal evaporation?                 (2) 

21. Which one of the top-down and the bottom-up approaches is more convenient for nano 

fabrication and why?                 (2) 

22. Mention different types of PVD techniques used for deposition of thin films.         (2) 

23. Explain in brief the ball milling technique for preparation of nanomaterials.         (5) 

24. What are the major limitations of ball milling technique for preparation of 

nanomaterials?                 (2) 

25. Describe how we can prepare nanocrystalline thin films using thermal evaporation 

technique.                  (5) 

26. Which one is the key controlling parameter of thermal evaporation technique?        (1) 

27. What are the difficulties with thermal evaporation technique?                      (2) 

28. Give a brief outline of the sputter deposition of polycrystalline thin films.         (5) 

29. For nanomaterial fabrication, what are the important sputter-deposition parameters 

one should control precisely?               (2) 

30. What is reactive sputtering?                (2) 

31. RF sputtering is preferred for deposition of insulating materials. Why?         (2) 

32. What is meant by sputtering yield?               (2)   

33. Describe the basic principle of e-beam evaporation process.           (3) 

34. What are the basic differences between a PVD and CVD process?          (3) 

35. What is laser ablation?                 (2) 

36. Write the advantage and disadvantages of laser ablation technique?         (2) 
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37. What is the basic principle of Molecular Beam Epitaxy?           (2) 

38. What is photolithography? Where does it find application?       (2, 2) 

39. Explain in brief the photolithographic process using a schematic diagram.          (3) 

40. Explain the plasma arc discharge technique for deposition of thin films.         (4) 

41. Mention one most suitable technique for preparation carbon nanotubes (CNTs).         (1) 

42. Describe pulsed laser deposition technique and mention the advantages of this 

technique.              (4, 2) 

43. Mention the stages involved in Sol-Gel technique for synthesis of thin films and explain 

the process in detail mentioning the reaction mechanisms involved.     (2, 5) 

44. What are aerogel and xerogel?               (2) 

45. Describe the hydrothermal technique for crystal growth.           (4) 

46. What is meant by annealing?               (2) 

47. Explain the spray pyrolysis technique for preparation of nanoparticles.          (3) 

48. Write the basic principle of electrodeposition technique.           (3) 

49. Describe the chemical bath deposition technique for deposition of nanocrystalline thin 

films.                  (5)  

50. What is surface probe microscopy (SPM)? Name three SPM instruments.                      (2) 

51. What are the electron beam energies required for SEM and TEM instruments?        (2) 

52. Write the full forms of the following: 

53. (i) FESEM (ii) HRTEM (iii) LEED (iv) PLE (v) ESCA (vi) XPS (vii) LEED (viii) AFM (ix) UHV 

(x) MBE (xi) PECVD (xii) STM (xiii) CSD (xiv)RHEED           (each of 1 mark) 

54.  Explain in brief how XRD can be employed for the analysis of crystals.         (4) 

55. What is the difference between magnification and resolution?           (3) 

56. Derive Scherrer equation used for determination of crystallite size in thin films.        (4) 

57. What are the components of UV-VIS spectrophotometer?            (2) 

58. What is the principle of UV-VIS spectrophotometry? Explain with the help of a 

schematic diagram.                             (5)  

59. Define optical absorption coefficient.              (2) 

60. Explain how you can determine the band gap of a semiconducting material using its 

absorbance versus wavelength graph.              (5)   
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61. Explain the working principle of SEM and enunciate its scanning process.         (4) 

62. What information can be obtained from BSE images in SEM?           (2) 

63. Mention some important uses of SEM.              (2) 

64. Explain the tunneling mechanism in TEM.             (3) 

65. How does the tunneling current vary with the tip-sample distance in STM?          (2) 

66. Draw a schematic diagram of SEM apparatus.             (4)  

67. What is the difference between SEM and FESEM?             (2) 

68. Why is spatial resolution of STM better than AFM?            (2) 

69. Compare SEM and TEM in terms of resolution.                         (2) 

70. Explain the principle of scanning tunneling microscope?           (4) 

71. Nonconductive solid specimens are coated with a thin conductive material before SEM 

imaging of the sample. Why?               (2) 

72. Explain the working principle of AFM with suitable block diagram.                       (5) 

73. What is contact mode of imaging used in AFM?            (2) 

74. Describe, in brief, various emission and interaction processes that occur between 

electron beam and the sample.               (3) 

75. What is the major challenge for STM?              (2)  

76. Which materials are used for preparing the STM tips?           (2) 

77. Mention some uses of STM.               (2) 

78. Draw a schematic diagram of the TEM apparatus.            (3) 

79. Explain the principle of transmission electron microscope?            (3) 

80. Mention some important applications of TEM.            (2) 

 

 

 

 


