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Nanomaterials Science and Applications (458 P)

Exam in 5 Pages

Part I: Final Exam (45 marks)

OL: Shade the correct answer : A' B' C or D: (L Mark each)

1. The ... degree of perfection and less number of defects have been observed in gel growth

(a) high (b) lessen (c) small (d)Lange

2, ln .... ...., aliquid zone is created by melting'a small amount of materials in arelatively

large or long solid charge.

(a)-vernuil method @) Skull method

i"1 e.iag*ann method (d) Zone melting

3. lnzonemelting technique, impurities tend to be ...' in the melted portion of the sample

(a) pure (6) un pure (c) concentrated (d) pure

4. VAPOUR GROWTH Techniques for'growing crystals from vapour is divided into"'

(a) Chemical transport method. 
- 

fUl Physical transport method'

icj a ana e (d) none ofabove

5. When you imagine new nanowire-based structures with new properties and

functionalities, you must consider:

a)thedegreeof"onfinementincludingpossiblequantumconfinement
b) the large surface_to_volume ratio intrinsic to nanowires

c) the length scale defined by nanowire diameter and the quality of the nanowire growth

d) All mentioned
6.Nanowiredimensionsdeterminethedegreeofconfinement,andconsequentlyaffects

a)Thebehaviorofchargecarriersinquantumelectronicdevices
bi The number of charges in quantum electronic devices

"i The behavior of charg. .urii..t in classical electronic devices

di In changing the quantum characteristics in electronic devices

7. phase purity is essentiat because it directly has effect on

a) The electronic properties of the nanowires

bi The band-struci r" and electronic properties of the nanowires

"j The band-structure properties of the nanowires

d) None of the above

8. During the annealing and growth processes' the

......-.. elements to form a liquid or solid alloy'

a) group III and grouP IV
c) grouP III and grouP V

9. Binary and ternary phase diagrams

during annealing, and at

Au nanoparticle alloys with specific

b) group III
d) group IV

indicate which alloy phases are stable at

a) room temperature, the growth temperature

b) growth temperature, the room temperature

"i zero kelvin temperature, the growth temperature



d) 380 oc,273"C

10. According to the conventional VLS and VSS mechanisms, reaction species dissolve into

the nanopLticle and are transportecl to the growth interface via ...".'.....'. through the

nanoparticle
a) giowth interface b) bulk diffusion c) high solubitity d) nucleation

11. There are two major growth modes taking place during Au-assisted nanowire growth by

MOCVD:
a) axial growth and radial growth

U) No"-uniform lateral growth and Uniform normal growth

"i Laser-heated pedestal growth and conformal growth

d) Low-temperature solution growth and Hydro-Thermal Growth

12. .............. morphologies, whereby nanowires exhibit wider bases and taper to narrower

Au-capped tips, are a consequence of radial growth'

a) Condensed nanowire b) Electronic nanowire

c) Tapered nanowire d) None of the above

13.......'...'...isusedtoidentifygeneralnanowiremorphology,includingfacet
planes, diameter, and height'
a) Cathodoluminescence microscope

b) Transmission electron microscopy

c) Energy-dispersive X-ray spectroscopy

d) Field emission scanning electron microscopy

14. The X-ray radiation most commonly used is that emitted by ...

a) Iron b) Aluminum c) Copper d) Sulfur

15. ... .........is a non-destructive 
' 
analytical technique which provides detailed

information about the internal lattice of crystalline substances'

a) polycrystalline X-ray Diffraction
b) Single-crystal X-ray Diffraction
c) Single-crystal gamma-ray Diffraction
d) polycrystalline gamma-ray Diffraction

16. Specific applications of single-crystal diffraction:
a) Variations in crystal lattice with chemistry'

b) Char acterization o f cation- anion co ordi nati on'

c) New mineral identification, crystal solution and refinement'

d) All of them.
17. Filter fluorometers often employ.

a) a high-pressure mercury vapor lamp

b) a low Viscosity mercury liquid lamp

c) a iow-pressure mercury vapor lamp

d) a high Viscosity mercury liquid lamp

1g.... ..... the most popular vibrational spectroscopic technique used to identify

the functional groups in organic and inorganic compounds'

a) Thermal analYses technique.
b) Power ComPensation.
c) Infrared spectroscopic technique.

d) Micro hardness technique.
19. Thermo gravimetric analysis has widely been used in " "



))

a) testing of sample purity b) study of organic compounds
c) oxide mixtures'and glass technology d) all of them.

20. Hardness tests are commonly carried out to determine the.. . . . strength of materials.
a) Mechanical b) Electrical c) optical d) Magnetic.

21. ... . . . . method is the reliable and most common among the various methods of
hardness measurement.

a) Micro hardness
b) Heat Flux DSC

The permittivity or dielectric constant of the material is always. . . . ...
a) Greater than 1 b) Smaller than 1

c) Greater than2 d) Smaller than2
23. The dielectric loss is a rleasure of the . . . .. absorbed by a dielectric.

a) energy b) pressure c) power d) light
24.Inthe equatior, d = 4, tand is referred to as the

a) dielectric emission b) dielectric reflection.
c) dielectric absorption d) dielectric loss.

25. The polarization is a phenomenon that takes place in the dielectric materials in an
external.

a) Electric field
c) Electric and Magnetic fields

26- .' ... provides valuable information about physical properties of materials and
offers applications in photo detection and radiation measurements.

a) X-ray Diffraction
c) Nonlinear Optics

b) Vickers hardness,
dj eower Compensation DSC.

b) Magnetic Field
d) None of all.

b) Photoconductivity
d) IR spectrometer

27. Photo absorption and
mechanisms?

hence photo conduction takes place by which of the following

a) Band-to-band transitions b) Impurity levels to band edge transitions.
c) Both (a) and(b) d) None of all.

28. ... .... is the amount of current that flows through the material or device when no
radiation is incident on it.

a) Photo conduction b) Dark curent
c) Both (a) and (b) d) Another

29. In the experiment of Photoconductivity, the crystal sample can be well-polished and
surfaces are cleaned with..

a) Acetone b) Ethanol c) cyclohexane d) water
30. . . '... is an experiment that determines the amount or typically the weight percent

of an element in a compound.
a) Elemental Analysis b) powder X-ray diffraction
c) Thermal Analysis d) Differential Thermal Analysis.

31. The vario EL III Elementar Analyzer allows fully automatic individual or simultaneous
quantitative determination of carbon, Hydrogen, and.

a) Nitrogen b) oxygen c) Sultur d) All of them
32. Elemental Analysis always refers to CHNX analysis the determination of the mass

fractions of carbon, hydrogen, nitrogen, and heteroatoms (X) . of a sample.
a) halogens, oxygen b) halogens, sulfur.
c) halogens, argon d) halogens, helium.



33. X-r
the

ays occur in that portion of the electromagnetic spectrum between gamma-rays and

a) visible light b) ultraviolet rays.

c) infrared raYs d) radio waves'

34.X-ray crystallogiaphy may be used to determine the material structure such as '. . . '..
,l how the atoms pack together. b) what the interatomic distance.

c) what is the angle' d) all of them'

35. In the equation, tan 6:1/roRC , tanS is referred to as the

(a) dielectric emission b) dielectric reflection.

c) dielectric absorption d) dielectric loss.

36.In equation, D = €"E , to, is called

a) the absolute permittivity b) The magnetic permeability'

c) relative permeability d) Other

37,ln equation, D -- €" E , D is called the. ' . .

a) Permittivity b) Charge densitY

c) Electric field d) Magnetic field
38. In the diffraction of X-rays, the Path difference between two waves is ' ' ' ' ' "

a) l=d.stn? b)L-Zdstn?
c) nl = dsin7 d) n7: Zdsin9

39. In the diffiaction of X-rays, the constructive interference between two waves is . '. ' ' ' ' ' "
a) n7=x
c) n7=Zx

40. The equation of Bragg's law is
a) nA = Zdsin?
c) nl - Zxstn9

41. When the incident beam strikes a powder

orientation of an angle equals to... ..

b)7-Zx
d)7=x

b)n7-Zd
d)nL=2x

sample, diffraction occurs in every possible

il) 4ea)e b) z0 c) 30

42, X+ay diffractometers consist of.. '

uj X-ray tube b) SamPle holder

b) X-ray detector d) All of them

43. Uv-Visible spectroscopy is useful in chatacteizing the.... " of variety 'of

technologically important materials such as pigments'

a) absorption b) transmission

c) reflectivity d) all of them'

44. Specirofluorometers need a ..... radiation soufce and are often equipped with a 75-

450 W high-pressure Xenon arc lamp.

a) Continuous
c) Both (a) and (b).

45. The basic principle of the

inorganic solid samples.

vario III Elemetar Analyzet is . '.. . '.. of organic and

b) Hesitating
d) None of all.

a) high temperature combustion

c) high density combustion

b) low temperature combustion

d) low density combustion



46. Nanowire-based optical SensoIS use the evanescent molecules

47. Nanowire-based L-BUs employing quantum-dot sections embedded within a nanowire

48. Coaxial nanowire structures can work as solar cells

49. Template-directed method relies on anisotropy of growth rates

50. m-V nanowires are compatible with existing semiconductor technologies can be readily

integrated with Si-based microelectronics

51. Crystallographic defects such as stacking faults and twin planes

52. The VSS mechanism, so-called due to the vapor, liquid and solid phases involved

53. Deposition of III-V material occurs preferentially at the nanoparticle-substrate interface, so

that nanowire nucleation takes place

54. Fluorescence spectrometers use double-beam optics to compensate for power fluctuations'

55. The most important applications of thermo gravimetric are found in weight loss of material'

56. Thermograms give information about decomposition mechanisms for material.

57. In Differential thermal analysis, vapor is applied to the system.

Sg. Hv : Y# Kg /mm (or)pascal, d is the diagonal length of the indentation mark in mm.

59. Dielectric measurement is one of the useful characterizations of magnetic response of solids'

60. The dielectric loss is a measure of the energy absorbed by a dielectric

61. The complete combustion in Elemental Analyzer occurs with special or expensive catalysts'

62. Each.ryrtullin. solid has its unique characteristic X-ray powder pattern which may be used

as a fingerprint for its identification.
63. X-ray powder diffraction is most widely used for the identification of unknown crystalline

materials such as minerals and inorganic compounds'

Oa. ifre FTIR varies from the traditional disperslve spectrometer mainly due to the use of the

interferometer instead of a monochromator.

65. Infrared spectroscopy is extensively applied to various samples such as liquid, gas and solid-

sate matter to identify the unknown materials'

66. Fluorometers use filters to restrict excitation and emission beam wavelengths.

67. Elemental Analysis is the measurement of the difference in temperature (AT) between

sample and a reference, as heat is applied to the system'

68. Fluorometers use either interference or absorption filters while Spectrofluorometers are

usually fitted with grating monochromators.
69. Photomultiplier tubes are in common use as detectors'

70. DSC refers to the Differential Scanning calorimetry.

71. DSC is a commercially available instrument which has two types: Heat Flux Type and

Power Compensation TYPe'

72. The action of ur, electrii field brings the charges of the molecules of the dielectric into a

certain ordered arrangement in space'

73. Dark current is not a constant background current but also has fluctuations or noise.

7 4. Ina nonlinear process, the oscillation of electrons will eventually become a harmonic'

75. Nonlinear optical phenomena find wide applications in the area of laser technology, laser

communication, and data storage technology

Best wishes, Profi, Mohamed Amokhtar
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ouestion (1): (15 Mark)

l. Discuss in details the decay of radioactive element 2X Ay the emission of ["
particles. (10 Mark)

2, The element 1!|l decays by emitting p'- particles with maximum kinetic energy 0'608

MeV. After the emission of B 
-- particles, each residual nucleus of tllxe is left in an

excited state and emits prays with total energy 0,364 MeV. Draw the energy level

diagram for this decay in both mass and energy scales. Consider that the atomic mass

of stable "rlx, is 130.905085 u. (5 Mark)
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Ouestion (2): (15 Mark)

l. Consider n successive radioactive disintegration of the two radioactive elements P
and Q as P -+ Q -+ .( where R is a stable element. If )"1 and 12 are the decay
constants of P and Q respectively. Determine the numbe.r of Q atoms that present at a

instant time t (10 Mark)
2. Consider radioactive series whose first two members P and Q have half-lives of 6 hrs

and 14 irs, respectively, while the third member is stable. Assume that there are
initially lOc atoms of the first member and none of the second and third members.
Calculate the number of second member Qafter 4hrs. (5 Mark)
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Ouestlon (3): (30 Mark)

Put or lxlfor each of the statement.
l) The decay ccnstant L is defined as "the probability that a given nucleus will

decay per unit time.
()

2) The radioactive equilibrium occurs when the halt'-life of the parent nucleus
is more short-lived than the daughter nucleus.

()

3) Antineutrino is a neutral particle with zero rest mass, ()
4) The annihilation process is a source of photons with energy 0.51 lMev.(two

photons)
()

5) The electromagnetic waves (EM) include
spectrum such as T-rays, X-rays,o particles,
microrvave, radar and radio wave.

the whole electromagnetic
ultraviolet, visible, infrared,

()

6) In transient equilibrium, both number of atoms
N2 decrease exponentially with time with the
ratio NrA..Iz remains constant".

of parent N1 and daughter
half-life of parent and the

()

7) Becquerel is defined as one disintegration per second. ()
8) B+ decay is radioactive parent nucleus transforms a neutron into a proton. ()
9) Absorbed dose is measured in units of Sievert. (of J/kg or Gy ) ()

10) The atomic number identifies the chemical element (.)
ll) Isotopes are nuclides that have same Z and different A and N. ()
l2) Bohr Theory works very well for one-electron structures. ()
13)The condition for f'decay to be possible is M(AZ)-M(A.Z+1) > 4 where

M(12) and M(42+ I ) are the atomic masses of parent and product nuclei.
()

l4) In secular equilibrium, the number of parent nuclei remains unchanged. ()
15) IC is a competing process of y-rays. ()
l6) Radioactivity is the artificial disintegration of nuclei. ()
l7) Heavy nuclei are Z>83 and n:p ration is too low. ()
l8) Condition for o-decay to be possible is: M(A, Z) > M(A,Z+I) + M(4,2) . ()

t9)The mass numbers of the nuclides in the'ZZNp- series can be represented
as 4n+1.

()

20)The atom is neutral, thus the number of positive charges (protons) in the
nucleus is equal the number of negative charges (electrons) revolve around
the nucleus.

()

2l)Negatively charged electrons revolve around the nucleus as a result of the
attractive electrostatic coulomb force between the positive and negative
charges.

()

22)'The emitted photon has energy equals the difference in energy between the
two atomic orbits.

()

23) Electrons occupy allowed shells, the number of electrons per shell is limited

to 2n2.

()
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24)Nuclei consist of neutrons and protons, which are known as nucleons, ()
25) Mean life is defined as the time interval over which the number Ns of

radioactive atoms initially present in sample is reduced to Nn/e.
()

26) a- particle consists of two neutrons and two protons. ()
27)The mass numbers of the nuclides in the 2$!u- series can be represented as

4n+3.

()

28) Isomers are nuclides that have same Z, N and A but nucleons existing at
different energy levels.

()

29)Nuclear force is mutual attractive force between nucleons. ()
30) Radioactivity is a statistical event, in that we cannot predict if or when a

certain atom will decay but can predict how many events can occur in
period of time.

()

Ouestion (4) (Midterm)i (30 Mark)

Multiple Choice Questions (MCQ)
l) The phenomenon which abound atornic electron may receive energy and move

from a state of energy Er to another of higher energy E2.

a) Excitation b) Ionization c) Binding energy

2) a-particle consists of.... ,..
a) 2 neutrons and 2 protons b) 4 neutrons and2 protons
c) 2 neutrons and 4 protons d) 4 neutrons and 4 protons

3) The energy required to completely break up the nucleus into well separated Z
protons and N neutrons.

a) Binding energy b) Excitation c) Ionization

4) The average energy of the beta particles which is given practically in the form
a) Tp- =T*o*/4 Dfp- =T*o*/3 c)Tp- =T^o*/5

5) Nuclear decay in which an unstable isotope nuclide (parent nucleus)
spontaneously release excess energy with emission of particles andior gamma-
ray and that parent nucleus will transform into a new isotope nuclide (daughter
nucleus) that may be stable or unstable.

a) Radioactivity b) Excitation c) Ionization

6) Nucleus capture orbital electron (usually K shell) and neutrino is emitted.
a) Electron Capture decay b) Internal conversion c) Proton Emission

7) The original positron and electron disappear and are replaced by two
oppositely directed 0.51 I MeV electrornagnetic photons known as.

a) Annihilation b) Proton Emission c) Internal oonversion

8) The energy that comes from a source and propagate through space or matter in
the form of particles or electromagnetic waves.

a) Radiation b) Internal conversion c) Proton Emission

Page
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9) Neutrons are emitted during spontaneous fission or are artificially produced
by bombarding nucleus with high energy radiation (particles or photons).

a) Neutron decay b) Radiation c) Internal conversion

l0) The number of radioactive atoms is reduced to half in the time Known as . . .

a) Half-life time of decay b) Mean Life

ll)When trt)az, both number of atoms of parent N1 and daughter N, decrease
exponentially with time with the half-life of parent and the ratio Nz/ N,
remains constant.
Secular equilibrium b) Transient equilibrium c) No equilibrium

. . ....decay is radioactive parent nucleus transforms a neutron into a proton.

B- b) p* c)q

lCi :.........,....8q.

a) 3.7oxloro b) 3.o7xloro c) 3.70x I0e

with zero

c) Electron

15 ).. are nuclides that have same N and differentZ and A.
a) Isotones b) isobars c) Isomers

Ouestign ($ I9rall:

Page
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a)

t2)
a)

l3)

l4) . .,.. .....is
a) Antineutrino

neutral particle

b) Proton

rest mass.

Put ttr/l or [xlfor eaeh of the statement. l0 Mark
1) Cosmic ray is highly energetic sub-atomic particles, mostly protons and

helium nuclei, which travel across space at close to the speed of light
comes from sun and suDernova stars

()

2) The number of radioactive atoms is reduced to half in the time Known
as the half-life time of decav

()

3) The mass numbers of the nuclides inthe z3rl1l- series can be represented
as 4n*2.

()

4) Isobars are nuclides that have same A and different Z and N. ()

5) c-decay is the nuclear transformation in which an energetic a- particle
(helium-4 nucleus) is emitted.

()
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Question(1):Chooseondhighlightthecorrectanswer:
(25degree)

for the densitY holes in an

with an energy gup E* and C :4.83x1021 is:

(a) Pi - CTzts exp[- #; (b)R= crzts expt+ ffi

intrinsic semiconductor

ctor is given bY a relation

n* = n * ik at a certain wavelength 1., hence the absorption coefficient u is:

(a)o-I5 {u)cr=# (") ":
sic semiconductor is

i,;;,:+-;,,i$r 0)Er=ryt'Tlnt#l
tor is 3'65eV' hence the

wavelength (f) of the J#Ued photons due to a direct recombination process of

electronJfrom the conduction band with holes in the valence is:

a) 1. - 340

"omPout'd" 
such as CdS and

GaAs can be determined from the extrapolation of straight line portion of:

(a) Tauc,s plot [(crhv)zvs hv ] to 1crtrvl2 = 0, and the intercept with hv -axis

gives hv = Ee.

(b) The plot of (ohv)1/z ut h' ' u'd tht intttt"pt *ift
ductor comPound

particle size 3 nm is given by e* = tt * ie2,thenreal refractY" i"*lri-1t'r,

i;; ;; .+ r i; ; ri + elir/z11rtz' rot " = Lntt, * tq - t'',W'l
given bY the relation

n* = n * ik at a certain wavelength 1., hence the-reflectivrty (R) is giv-e.n by,

l,-=# -iii#ffi ,:l=i=ffi
ffirrcted excess carriers into a semiconductor,

atx:0and
difflrs" away from the

metal-semiconductor point contact their densitY decreases

exoonentiallv with a distance x llhe



Where, Lr, : JD;r" is the electron diffusion length. t',the lifetime and Dris the

electron difftrsion coefficient
hich emits light'

| . -:tl^ l^^l^- :-

*rr""ri7ir":,i ir; the conduction band of n-region recombine with holes in

the volence band of p-regionwithin the energt gap o{tle device:'

(a) Under the forwird bias of an external electric field'
'(b)tlnder 

thr r"uurw biot of on'rt"*l'
nnducting material' is :

(a) The positive temperature cofficient of its electrical conductivity (i'e'' o aT)'
1,

(b)The negative temperature cofficient of its electrical conductivity (i'e'' o a)'

ling Process of the

p o ly c ry s t al I ine nano s e mi c o nduct o r r e s ult s in :

(a) An increase in the optical band gap and enhancement in the PL intensity'
'(b) 

A decrease (i.e., rei shift) in the'iptical band gap associatedwith a deqease

in the PL intensitY.

cbr is given bY relation

n* = n * tk at a certain wavelength )", hence the real part of the complex

dielectric constant el is given bY:
(t) n' - Yz

(o) n' + K2 (b) 2nK
iarriers will be:

(a) Greater than that in the imperfect crystal'

Smaller than that in the imp:&glgry$ol
ith energt hv > En bY

semiconditctor leads to :

(a) Decrease in a sample resistivity due to increasing in the photo'generated

charge carrier densitY.

(b) Increase in a sample resistivity due to decrease in the photo'generated

charge carrier densi

t6- fh, efficiency of amorphous silieon solar cell is:

(a)Higher than that af single crystalline silicon cell'

(b) Lower than that of single crystalline silicon cell'

@iadiative structural surface defect states in nano

semiconductor materials results in:'

(a) Reduction in the PL emission intensity'

ft) Improvement of the PL emission intensi



I?4; Q'*-'' electronic charge e

': ,iu';"1;:,';;-a'nd electron and hole mobility ltn= 0'36 'n'Ir'St 
and po 0'1.7

*rlr,S,respectively.Thus the intrinsic concenttation (n) of charge carriers is:

T"; ;,:'i'iiii;/#-
ffin 

'hotons 
of energt hv 2 Eu

under the influenci of external electric field results in:

7;;er:";roiron of utirtron-hole pairs via optical excitation process.

(b) Recombinotioi of electron-iole pairs via optical excitation process'

the cryital lattice sites results in:
't;'7";;r':-':::'ii",i'J'"u'i"i'i"t conductivitv due to the decrease in the

concentration of fre e charge carrier'

?;;'tr?;':;;:,1'";",f,'i,ii,,ioi "onaucnvity 
due to the in*ease in the

c oneentration of free charge c arrier'
in the electrical conducrliv! ,P\:6m*",

C :4.83x10" andK*i: o'ozo eV at 300.:5'tnti:"i?;i::'Jons is equal to:

(a) ni:8.6 x10 
-34lm3 1U; 

'n,:8.140-lu/ro'

nd electron'Pltonon
2l- Due to scattering praciss via electron-electron ant

interaction o, o rrrili of the increase in temperature leads to'
'1oS 

Inrrurring of the opticat band qap of pure semic.onductor'
'liS 

ourrrosiig-of theZpticat band gap of pure semicanductor'

tn:re?se in the

s urfac e t o v o tum e i ri * t W of at o m i ai,' y, " ::i!-?:: :: ::*' :!f I !.?* r rr.'ff;i;;"r;ff;;;r,, opticat.'uoig gap and PL emission intensitv enhancement'

ft)Red shift of the o ' ' bans sq^ aryd.ll eyis:ian intfLit4l!:::h:Y:irU,
e Photodiodesrs' Photodiodes' 

qn

carriers and currentflo

devices is directlY based on:

(a) The external photoelectric ffict as the generatton mechanism in which the

'ttght-fnduced 
increase in the emitted charge carriers'

ft)The internat p;; ,*:" in which *i tisy-,n!::'o increase in the charge

nt in Zn'Cdt-*S nano-

senilconductor is ascribed to:

(a) Reduction in o *n*p*ticle size yia yh7tol**::::"^::1::::,'::':;:::r;:t
icle size via photo-corrosion and oxidation

-''allY:
rciPle' PL emission sPectrurn $ usu

(a) Red-shytia whl, respect to the optical,o?*'pt.i.o: t!::y,:
'(i)nlu, 

sltifted with reipect to the optical absorption spectrum



Ouestiory Q): Eighlight (T) tf the answer is corueet and (F) r'f the

answer is wrong QS'degree)

Ti- Metat reskiiitv arrru"srt *ith inc*asing temperature due to dffirent types

of scattering process of charge carriers, whereos semiconductor'resistivity

decreases due to increase in the concentration carrlers.

iative transitions in direct band gap

semiconductors occurs when qn excited electron in" the conduction bqnd

recombine with hole in the valence band'

e energt band gaP haue o high

probabiitty if captwring both the electrons and hole and act as non-radiative

r e combination centers.
light-emitting diode (LED), the light emission

takes place when electrons fram thi conduction band of n-region recombine with

holes in the valence band-of p-region occompanied by releasing energl in the

deoends on the energv band

29- Photoconductivity n i-typ, tr*t*ndictor is due to photo generated free
hole in the conduction Oaid ord on electron bounded at the neighborhood of the

ors for each absorbed

30- The excess ktn gu carriers can be released either

by emission of photont ,io radtatiie recombination proces,s or released this

iorrg, to anither free carrier and host lattice as pltonons via non radiative
'i.e., relatation

as the drift velocitY acquired bY a

cawier per unit electric
32- Photovoltaic energY

striking earth surface

semiconductor.

conversion indePendent on the

with energl larger than the

number of photons

band gqp of the

s urr ounding envir anment or other nano structure s'

;Pend on some Parameters such as

size, shape, ,urtori charqcteristics, doping process and interactionwith the

, oio, c e ll, photo catalysis, photo'ele ctrochemisW and biomedicine'

I aspects of nanomaterials is their

applicatiins includi optical ditector, laser, sensor, imaging, phosphor, display,

an intrinsic semiconductor at 300
oKwhere tcf : b.OiS eI/, hence tie Fermi level is equal to Er= 0.385 eV.

ne conduction hand edge will be

more likely to act as olectron ng centers than as q reggrnbinsQn centers.

Se Whr" " 
ii*pt, of * t1,,p, semiconductor is illuminqted uniformly the excess

of created minority iorriers (holes) which has tife time (t) decay exponentially

with time ftl qccordins to the relotion: (Ap) = @PigUGtP



'= ' ' 
t";t'r *afterial can be

ffitivity in a homogeneous semrcon(

expressed as: o =, iAun + Ptp)'-wh"'' n and p *:'::^!:nsities offree

ulr"rlrr? 
rur,," 

,,r,","', *"* * '' --- ' , ;;A;h;tOdi;A;, il i, p;@.i fu use high
VO*foUriration of Photo detectors

photosensitive *oir'riolr, high photoelicnic gain and high speed af photo

res?onse' 
- ated switches

sffeet light control' o'

and Information sland Inlormatton slorage' ,
42- Presence of structurol defects ' 

ilce sites and

other complexes introduce ilectronic energl states within the energtt band gap

' ie \ocalized electronic

states within fu,fo'Aiad''n uou'W S ?sJ!!!es *t"tt" "'" J t ' 
ing the optical energy gap

44- LEDs 
"on 

e*it ight of on int'nd'd color by chang

of the semicondur:*'7*'h :nL 
in the *:"qt*:: of the device without using any

color filters as traditionat tighting yCOlOf flfi€fS AS.lruut.,r.urtt, o'6'*""o "'-' - ffi,and tO the
45- The direct i*e,+a,a opn"al transition frory th

valence band occxtrs, when *ini*u''i ;i;i" ionduct.ia" !':1,i'd 
mwimum of

thr volenre band exist at the same potlts in Vthe varcnce Oanqlltil un n"" '-"'
46- Einstern rrto t fo*ii mobility (p) af

. ,nnnoo,f no.k - 
(zxz'r) 

. where K is Poltzmzan canstant' T is
electron can be exPressed as: i - \#' 

''Y'"'"-" -'- rte e

the absolute t e is the electronic
through the

wave (light) enters- (

semiconductor thin films, its intensiry dZcay accordiny to 
'1' ?:::':ii,I:"3,

:T:,';#::;i!'irli'{f;,i,i'*''k'i'i iyt'i,tu; cmr ' x is the thickness or

the sample, rrd I ; ; ;;'n'|'a t'rn' ;ry:;'; ;"q'

aaffi captured

as defect related- PL emissio!-c,

ffitn the band gapby an excfied c

ciptured by an excited ge,nter.containing
containing a hole, or a hole being

electron.ihrn PL emission:an le a'etectran.tltvrttl'" .: position(Cl/D
49- The odrantagei of thiifil*t coated by chemica-l vc

are high coating norinulrr," good adhesion and uniformity of thinfilms'

a thin film such 
-as

magnetic and optiial-properties are highly dependent on their thiclmess and

SE CTION B : (Mid-term examine'

Qwestion 3: Ilighlight g) d the

frnswer is wtong.

orsl and activitY)

ilnswer is correct

(5o degree)

and (F) tf the
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iP'
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carriers'-6/- 
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properties p, *J*rlrgiiot opptir:,'o:noiir, ,ong*g f'o* seising and detectiort'

optical irnaging, light e,ne.rgt ,onourrion,'enviinmental 
protection' biomedicine'

[oa trfuty, ""d 
oPtrylugtlo?'u usuallY

btue-shifted. with respect to the opiirot ibsorption spectrum' i'e' appearing at

longer wavelength' ffizrucdt,,s,";;;;i;:r"itv'ind'p'ndent on the

- 
"ltoYed 
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molar ratia (x)'of zincAt- OPttcal and

content.. ,. -- . ; ;; A rez;tn\iiZiioi ZiiteT, if 
^friiiaptured

ffi::;;,:,trir;':r:;:_{i;if:,ltl,,L;::;;,:!'*si'lesine
atthei*0,'f"'ti'l':n'""it'i'"*qti3:F:!:t'g:l directlY

n,nnortionot to SqirZ,,"p,"tgid '' sq,ffi{r#i#*!7a{;ff^'#i";i;*a;a;:, tt t; p'eferabte to

70- In the manulc

use semiconaortrn *ith high plrrro"ru*i''i'u oni have a high photoelectric gain

and photo response sPeed' , A **Hsemiconductor
71- An intrinsrc

ffi*aterial at room
behave ds an lllsulut'ut t,vov""'

Wlerelure,. , : --; ltrs x |o''/m',^at room

7m' ;'21:;u:"fllilon''i'i"" ti' \o'uiaa'"

'ir,{rn, [ri',quat t' iln :v, , ,,

T 
ation of some

impuritiesinto.thecysnttllt^':::'::"i;Yl:k::;ffi
' 
rl d"i"t"r,rri n' " 

tA "f"'f:'-'Y*ir"ar:,iri,y a'Y y t,'* ":"":",Ji:'rL:#?rri'-;;i*,**a,ar,,rira,tv relation

74fffien the comptex refractive tnc 
locity (u) is: u =i:_*

n* = n * ik at u r"**n**rl"@\,9,! ing ans .oY

el e ctronic band structure'



Assiut University
Faculty of Science
Department of Physics
Second semester 2020-2021

Student name:

Course: Atomicr- \
Molecular Spectosqlt
Code:P432
Time:3 Hours
Final Exam (1007,

Academic No.:

The exam is written in eleven fill paees.

Direction:
l- Make sure you fill in the bubbles for your name and student number on the bubble sheet.

2- Make sure you write your name and your academic number in this test booklet.

3- There arelifty multiple choice questions on this test booklet. Answer all questions.

4- You -uy *iii" scratch work in this test booklet itself, but only the answers on the bubble sheet.

5- Multipte choice questions have one correct answer. Mark your answer on the bubble sheet. Each

correct answer will score /po marks.
6- The exam consists of two parts, the first is the final exam "50 marks" and the second is the oral,

midterm, and Quarterly Acts Exams "50 marks".

First Part:

Choose the correct

(50 Marksl

1-

2-

3-

The principal quantum number ?l can have any integer value ranging from:

a- -oo + +oo b-0-roo

c-1-+oo d- 1-+ 7

e-0-?

The orbital quantum number / can have any integer value ranging from:

a-O -+n b-0-+n-t

c-l+n d-0-+n+L

e-0-+20+L

The magnetic quantum number fitx can have any integer value ranging from

a-0-+n b- -n -+ +n

c--e++e d-0+/

e-0-r2e+l

Utr



4- In the Bohr model of the hydrogen atom, by increasing the quantum ,urnr"., g,"
energy difference between any two successive levels in the atom ..... 1
a- increasing b- be equal

c- decreasing d- all ofthe above

e- none ofthe above

f,- In the Bohr model of the hydrogen atom, by increasing the quantu. nr-berJhe
distances between successive energy levels "the difference between the radius of the
successive orbitalsrr in the atom .....

a- increasing b- be equal

c- decreasing d- all ofthe above

e- none ofthe above

6- In the Bohr model of the hydrogen atom, by increasing the quantum nu*n*, tt u
angular momentum of the electron .....

a- increasing b- be equal

c- decreasing d- all ofthe above

e- none ofthe above

7- In the Bohr modet of the hydrogen atom, by increasing the quantum number, the total
energy of the electron .....

a- increasing b- be equal

c- decreasing d- all ofthe above

e- none ofthe above

8- In the Bohr model of the hydrogen atom, by increasing the quantum number, the
kinetic energy of the electron .....

a- increasing b- be equal

c- decreasing d- all ofthe above

e- none ofthe above
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In the Bohr model of the hYdrogen uto*, UV increasing the quantum number' the

potential energy of l!9j!:"tl9l-::::
b- be equala- increasing

d- all of the above
c- decreasing

e- none ofthe above

increasing the quantum number' the

velocity of the electron *

a- increasing

d- alt ofthe abovec- decreasing

e- none ofthe above

In the ground
respectivelY,

state, the quantum numbers (n,e,mx,flts) for hYdrogen are,

b- 1,0,0,0.a- 1, 1, 1, 1.

d- 1,1, lr*112.c- 11 0, 0rLllz.

e- 11 1r 0r*112,

@ionrule,whenaphotoni-s.emittedorabsorbed,transitionscan
onlv occur between state with values of e that diff"t by

b- three units.a- four units.

d- one unit.

The Pauli exclusion PrinciPle:

a- Any two electrons in an atom can occupy the same quantum state'

b- All electrons in an atom can occupy the same quantum state'

c- No two electrons in an atom can occupy the same quantum state'

can both be measured precisely at the

@easured precisely at the
e- The posttion and momentum of a

3ltr
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14- ln terms of an atomrs electron configuration, the letters K,L,M,and N refer to: T
a- different shells with f equal to 1,2,3, or 4 respectively.

b- different sub shells with I equal to lr2r3, or 4 respectively.

c- different sub shells with m2 equal to lr 2, 3, or 4 respectively.

d- the four possible levels for the magnetic quantum number.

e- the four possible quantum numbers.

15- How many possible sets of quantum numbers or electron states are there in the 5/ sub
shell?

a-6 b- 10

c- 14 d- 18

e-22

16- A hydrogen atom is in the 6h sub shetl. Which of the following could be an orbital
quantum number 4 ?

a-22 b-5

c-6 d-8

e- 10

t7- A hydrogen atom is in the 6h sub shell. Which one of the following is not a magnetic
quantum number m7 ?

a-0 b-I

c-Z d-4

e-6

l8- In a hydrogen atom, a given electron has n : 7. How many values can I have?

a-6 b-7

c- 15 d- 30

e- 98
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, ,. "t:; ";ril il of the electrons

has quantum number', (T'!:T,!r:r*] Hd' ;';;ft/i@
lXlilI;s'il'ih;;th"' et"'

b- (1, O,O,+t/2)
a- (\,L,O,-1'12)

d- (1, o,t,+Lla)
c- (1,1, L,+tlZ)

e- none of the given answers

The values of n and e for a4f sub shell are:

b-n= 4,1 =3
a-tl=4,0--4

d-tt=4,0=l
c-n--4,e=2

e-n=3,e =3 tt ttt

atomic number?

- ; ^;rpei;4pr.If a neutral

b_ 1sz Zsz Zp6 3sz 3p3

a- 7_s2 2s2 2p6 3s2 3p6

d_ 1s2 Lsz 2p6 rrz 3p2 4sr

c_ 1s2 2s2 2p6 3s2 3pt

*Tt'T* zp't'z gP6 4s7

eutral atom holds

b_ 1s2 zsz 2p6 3s2 3p2

a- lsz rrz 2p6 3sL

d- 1s2 7.s3 2p6
c- 1s2 Lsz 2P7

e- 1rs2 rrz 2po 3s2
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Whatistheelectronconfigurationfortiwhichhasthreeelectrons?

b- Lsz LpL

d- 7,s1zszc- ,.sz LsL

e- 1s1 zst zpt

um of an electron in an atom is what

multiple of fL ? @ is a positive integer'),

d-zl + L

Y associated with what ProPertY of

an electron in an atom?

a- Magnitude of the orbital angular momentum

d- Radius of the orbit
c- z component of the spin angular momentum

e- z component of the orbital angular momentum

The quantum number
electron in an atom?

m" is most closelY associated with what ProPertY of the

a- Magnitude of the orbital angular momentum

d- Radius of the orbit
c- z component of the spin angular momentum

e- z component of the orbital angular momentum

netic quantum number 717 associated with

given value

d-Zt + 1
c- t(l + L)

(50 Marksl
Second Part:
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29-

30-

31-

32-

A" "t."t.r, 
tr i" " qr"rtr- state for which the magnitude of the orbital angular

momentumis6J1h.ThevalueoftheorbitaIquantu T
a-4 b-5

c- 17 d-8

e-9

An electron is in a quantum state for which there are seven allowed values of the z

component of the angular momentum. The magnitude of the angular momentum is:

u-../1n b-2.'/3 h

"- ^17 
h d- ^lRh

e-.,lTI n

Space quantization means that:

a- space is quantized b- L, can have only certain discrete values

c- Z and fi are in the same direction d- i and fi are in opposite directions

e- an electron has a magnetic dipole moment

Ar, 
"l..ttm 

i, ". "tom 
is in a state with f, = 5. The minimum angle between Z and the

z axis is:

a- 0' b- 155.9"

c- 24.!" d-36.7"

e- 90.0'

In the relation ltz = -ntt lts ,thequantity ps is:

maenetic field I '----------._-.---

33-

c- the permeability of the material d- a friction coefficient

e- none ofthe above

T ltl



The electron states that constitute a single subshell for an atom all have:

b- the same value of n
a- the same value of n and the same value of /

d- the same value of /
c- the same value of / and the same value of mg

o tt *urn" set of all four quantum numbers

The Stern-Gerlach experiment makes use of:

b- a strong non-uniform magnetic field
a- a strong uniform magnetic field

d- a strong non-uniform electric field
c- a strong uniform electric field

ffig perpendicular electric and magnetic fields

The magnetic E i, utong the z axis in a Stern-Gerlach

. aioor" rrlth dipol" rno*"nt E it ptopofii
experiment. The force it

exerts on a m

d- d2 B /dzzc- dB /dz

A magnetic dipole f is placed in u ,t.o[ onifo.- magnetic field E ' The associated

force exerted on the

b- along - P

d- along rt*E
c- along B

es with velocitY i through a Stern-

Gerlach aPParatus is:

b- proPortional to 1/v
a- proPortional to v

d- proPortional to vz

e- independent of v
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Howmanyelectronscanbeputinashellwithprincipalquantumnumbern:

c-2(2t + L)

e-Ze*|

Howmanyelectronscanbeputinasubshellwithquantumnumbernande.,

d-Zn* Lc-z(zl + L)

e-20*l
um quantum number J that

result from the addition of angular mom"enta "orbital angular momentum and spin

r momentum" with quantum numbers 3/2 and 4 :

b-tt/2,9/2,7 /2,5/2

d- 5,4,3,2,L

e- 3 /2, !/2,O, - L/2, - 3 /2

aced in an external magnetic field' Into

how many sub states will it

e- None ofthe above

Why is it easier
spectroscoPY than

@ gaseous atomic species by absorption

it is to analYze a mixture of

a- atomic species do not have side reactions'

b- molecular species do not absorb light'

s that are easier to resolve than molecular

d- atomic species have a continuous spectrum'

e- atomic species have a discrete spectrum'

9lll



The probability of finding an electron in a hydrogen atom is directlY ProPortional to

d- wave function.
c- potential energy.

e- square of the wave function'

ontinuous x-ray spectrum has an energy

approximately equal to:

a- the energy ofall the electrons in a target atom

tl- the kinetic energy of an incident-beam electron

c- the kinetic energy of a K-electron in the target atom

d' the total energy of a K-electron in the target atom

e- the rest energy ) mcz , of an electron

In connection with x-ray emission the symbol Ko refers to:

a- an alPha Particle radiation

b- x-ray radiation from Potassium

c- x-ray radiation associated with an electron going from n - m to tt =

d- an effect ofthe dielectric constant on energy levels

@ed with an erectron going from n = 2 to rt = |

The transition shown gives rise to an x-ray' The correct label for this is:

t0/1 I



The Pauli exclusion principle is obeyed by:

b- all charged Particles

d- all particles with mass
c- all particles with spin quantum numbers of ll2

e- all partictes with spin quantum numbers of I

The minimum energy principle tells us that:

"- 
th" "r"rgl-f ". "tom 

with a high atomic number is less than the energy of an atom

with a low atomic number

b th. "*.gy "f ", "tom 
with a low atomic number is less than the energy of an atom

with a high atomic number
dtransitiontheenergyoftheabsorbedphotonisthe

d- the ground state configuration of any atom is the one with the least enerry

e one with the least ionization

The ionization energy of an atom in its ground state is:

a- the energy required to remove the least energetic electron

b- the energy required to remove the most energetic electron

"- 
th" ,*.gy dtff*ence between the most energetic electron and the least energetic

d- the same as the energy of a K o photon

e-thesameastheexcitationenergyofthemostenergeticelectron

e- transitions from a state that decays rapidly

WITH hIY BES? WTSI'TS
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