
QUESTIONS 
Question 1 

In the isotope symbol of each atom, there is a superscripted number. This number is called mass number. 

(i) How is the mass number determined? 

(ii) Why is this number called a ‘mass’ number? 

Question 2 

(a) In a neutral atom, how does the number of electrons compare to the number of protons? 

(b) Why the relationship stated in (a) above is important in making a neutral atom? 

Question 3 

Today atomic model is the result of contributions from different scientists lived at different times. With the 

help of diagram, give the name of atomic model contributed by each of the following scientists. 

(i) John Dalton 

(ii) J.J. Thomson 

(iii) Ernest Rutherford 

(iv) Niels Bohr 

(v) Erwin Schrödinger  

Question 4 

The mass spectrum of an element enables the relative abundance of each isotope of the element to be 

determined. Data relating to the mass spectrum of an element X whose atomic number is 35 appear as 

follows;  

Mass number of isotopes Relative Abundance 

79 50.5% 

81 49.5% 

 

(i) Define the term isotope. 

(ii) Write down the conventional symbols for the two isotopes of X. 

(iii) Calculate the relative atomic of X to the three significant figures. 

Question 5 

The symbol, Cl17
35 , can simply be written as Cl35  and not Cl17 . Explain. 

Question 6 

In Rutherford’s experiment, generally the thin foil of heavy atoms, like gold and platinum have been used 

to be bombarded by the α-particles. If the thin foil of light atoms like aluminium is used, what difference 

would be observed from the Rutherford’s experimental results? 

Question 7 

Give two reasons which makes gold to be useful in Rutherford’s α-particle scattering experiment.  



Question 8 

With an example, give the meaning of the term isodiapheres. 

Question 9 

Among the following pairs of orbitals which orbital will experience the larger effective nuclear charge? 

Give reason to justify your choices. 

  (i) 2s and 3s, 

  (ii) 4d and 4f, 

  (iii) 3d and 3p 

Question 10 

What does it mean to say that the energy of the electrons in an atom is quantized? 

Question 11 

A sample of argon (Ar) known to contain isotopes of mass numbers 36, 39 and 40 is introduced in a mass 

spectrometer. The sample is bombarded with electrons to form positively charge ions. 

(i) Which ion Ar+
18
36  or Ar+

18
40 , is likely to be deflected most in the magnetic field? Give a reason for 

your answer. 

(ii) Some atoms lose two electrons in the ionisation chamber. Which ion Ar+
18
36  or Ar2+

18
36 , is likely to be 

deflected most in the magnetic field? Give a reason for your answer. 

Question 12 

The neutron was not discovered until more than 30 years after the discovery of the proton and the electron. 

Why was the neutron more difficult to detect? 

Question 13 

Explain why the relative atomic mass of argon is greater than that of potassium although potassium has 

larger atomic number. 

Question 14 

The average atomic mass of calcium is 40.08amu. What is probably its most abundant isotope? 

Question 15 

What is meant by the expressions “Carbon-14” and “Silver-108”? 

Question 16 

The RAM listed in the Periodic Table for Magnesium is 24.305. A form five student claims “there isn’t a 

single magnesium atom in the universe with a mass of 24.305.” Is this statement correct?  Explain your 

answer. 

Question 17 

Explain where the different colours of light come from in the bright line spectrum of an element. 

Question 18 

In what way does the photoelectric effect support the particles theory of light? 

Question 19 

Under what circumstances can an atom emit a photon? Give two possibilities. 



Question 20 

(a) Why Bohr’s orbits called stationary states? 

(b) By using quantum numbers, deduce maximum number of electrons which can be contained in third 

shell. 

Question 21 

Compare and contrast the models of the atom that were proposed by Rutherford and Thomson. 

Question 22 

A beam of electrons and beam of protons are moving with the same speed. Which has longer De Broglie 

wavelength? 

Question 23 

(a) What does the ‘photoelectric effect’ say about nature of light? 

(b) Write electronic configuration of elements with the following atomic numbers: (i) 13 (ii) 9 (iii) 27 

(iv) 21 

Question 24 

(a) If matter has wave nature why is this wave- like character not observed in our daily experiences? 

(b) By using boxes and arrows draw electronic configuration of the following elements: 

(i) Chromium (Cr) 

(ii) Copper (Cu) 

Question 25 

Which of the following sets of quantum numbers are allowed and which are not? For those which are not 

allowed state why? 

(i) n = 2, l = 1, ml = 0 

(ii) n = 2, l = 2, ml = 2 

(iii) n = 2, l = 1, ml = −1 

(iv) n = 2, l = 1, ml = −2 

Question 26 

(a) Give the differences between orbit and orbital. 

(b) Write electronic configuration to show excited state of:  

(i) Aluminium (ii) Silicon (iii) Phosphorous 

Question 27 

(a) Which of the following orbitals are not possible? 

1p, 2s, 2p, 3f, 3d, 4f, 4d, 2f 

Give reason for your choices. 

(b) Write electronic configuration of sulphur at excited state to show: 

(i) Its covalency of 4 

(ii) Its covalency of 6 

Question 28 

(a) Give the values for the quantum numbers n, l, ml for each orbital in the 4d subshell. 

(b) Write electronic configuration of chlorine at excited state to show: 

(i) Its covalency of 3 



(ii) Its covalency of 5 

(iii) Its covalency of 7 

Question 29 

(a) By referring to the rules of writing electronic configuration justify the following statements: 

(i) Electron are lazy 

(ii) Electron are unfriendly 

(iii) Quantum numbers are fingerprints for electrons 

(b) Draw electronic configuration of the following ions: 

(i) Fe2+ 

(ii) zn2+ 

(iii) Fe3+ 

Question 30 

(a) How electronic configuration of chromium is said to violate Aufbau principle? 

(b) For each of the following electronic configuration state whether it is valid. Give reason for invalid ones. 

(i) 1s2 2s22p63s23p64s24d104p5 

(ii) 1s2  2s2 2p6 3s3 3p5 

(iii) [Ra]7s2 5f 5 

(iv) [Kr]5s24s105p5 

(v) [Xe] 
Question 31 

(a) Arrange the following orbitals in order of increasing their energies for: 

(i) Hydrogen atom 

(ii) Copper atom 

1s, 2s, 2p, 3d, 4s, 4p, 3p, 3s 

Question 32 

With reference to xenon at ground state, how many electrons have the following set of quantum number? 

(i) n = 4 

(ii) n = 4, l = 2 

(iii) l = 0 

(iv) n = 2, l = 2, ml = −1 , s = 1
2⁄  

(v) n = 4 , l = 3 

Question 33 

With reference to calcium at ground state, how many electrons have the following quantum numbers? 

(i) ml = 0 

(ii) l = 1 

Question 34 

Consider the following diagram: 



 
(a) The above diagram illustrates the Bohr model of the hydrogen atom 

i) Explain what horizontal and vertical lines represent. 

ii) Explain how this model explains emission line spectral and absorption line spectra. 

(b) The line between n = 5 and n = 2 is labeled 434nm. Show that this is correct for a hydrogen atom 

(c) Calculate the energy of a hydrogen atom in its ground state. Express your answer in ev.  

 

Question 35 

The electron in the hydrogen atom emits or absorbs electromagnetic radiation when it moves between 

energy levels. 

The visible part of the spectrum emitted by hydrogen can be seen in the laboratory by applying a high 

voltage to a hydrogen discharge tube. The diagram below represents some of the electron energy levels in 

the hydrogen atom. 

 

(a) To which energy level does the electron drop when it emits visible light? 

(b) Absorption spectrum for hydrogen gas consists of a series of dark lines within the full spectrum of 

colours. Explain clearly how the dark line in the red part of the spectrum is produced. 

(c) Calculate the frequency of the photon produced when an electron drops from the second excited 

state to the ground state. 

An electron in energy level 4 jumps to a higher energy level, and then drops down to the ground state, 

releasing a photon of frequency 3.2 × 105Hz. 

(d) Calculate the frequency of photon required for the first jump. 

Question 36 



Nuclear reactions in the sun produced light. The main element in the sun is hydrogen. The spectrum of 

hydrogen can be observed in the laboratory with a hydrogen discharged tube. The visible lines in the 

hydrogen spectrum are called the Balmer series and are described by the formula:  
1

λ
= R (

1

S2 −
1

L2) 

Where s = 2 

(a) Calculate the wavelength of the lowest frequency line in the Balmer series. 

(b) Explain how light of this particular frequency is produced in the hydrogen atom 

(c) An electron in the 6th excited state (L=7) returns to the ground state in two jumps. It releases one 

photon with a wavelength of  2.165 × 10−6m. what is the wavelength of the second photon? 

Question 37 

Light from stars is photons of electromagnetic radiation created by electron transitions between energy 

states. These photons produce spectra that identify the atoms that are producing light. A common element 

that produces light from star is hydrogen.    

The possible energy states (levels) of the hydrogen atom electrons are shown in the next page. 

 

(a) In which part of this electromagnetic spectrum is the radiation emitted by transition X? 

(b) Calculate the wavelength of the photons emitted by the transition. 

(c) Explain which transition produces the red line in the visible part of the hydrogen atom. 

(d) In order for an electron in a hydrogen atom to move from the third energy level to the fifth energy level, 

a photon of electromagnetic radiation must be absorbed. Calculate the energy of this photon. 

Question 38 

Three experiments or pieces of scientific equipment were key to our present understanding of atomic 

structure. For each of the following, outline major discovery that it contributed to: 

(a) Crookes tube 

(b) Rutherford’s gold foil experiment 

(c) The bright line spectrum for hydrogen atom 

Question 39 

Write the electronic configuration of the following by the orbital method: 

(i) N3−      (ii)  Ar    (iii) Sc3+. 

Question 40 

Write atomic number of an atom whose dispositive ion has electronic configuration of 1s22s22p6. 

 



Question 41 

An atom X may gain electrons to form anion; X3− with the electronic configuration of 1s2 2s2 2p6. What 

is the atomic number of X. 

Question 42 

A sample of chlorine containing 75% of the isotope chlorine-35 and 25% of the isotope chlorine-37 was 

analysed by mass spectrometry. Three corresponding to Cl2
+ were recorded. 

(a) Why were three peaks recorded? 

(b) What are the relative masses of the three peaks 

(c) What are the relative amounts in the three peaks? 

Question 43 

What maximum number of electrons may have the following quantum numbers? 

(i) n = 2, ml = 0 

(ii) n = 3, l = 1 

(iii) n = 2, l = 1 

(iv) n = 3, l = 1, ml = −1 

(v) n = 3, l = 1, ml = 0 s = +1
2⁄  

Question 44 

Why the following set of quantum numbers is invalid? 

(i) n = 3,     l = 2 , ml = +1, ms = +1 

(ii) n = 4,    l = 3, ml = −4, ms = + 1
2⁄  

Question 45 

An electron and proton both moving at non-relativistic speeds have the same De-Broglie wavelength. 

Which one of the two particles has greater of the following?  

(i) Momentum 

(ii) Speed 

(iii) Kinetic energy 

(iv) Frequency 

Question 46 
What designation is given to the orbitals having: 

(i) n = 2,   l = 0 

(ii) n = 1,   l = 0 

(iii) n = 3,   l = 2 

(iv) n = 4,    l = 1 ,      ml = −1                                                                                        

Question 47 

Give an account for an experiment which led Rutherford to conclude that every atom has heavy positively 

charged nucleus which occupies small volume.         

Question 48 

The emission spectrum of an element is seen as a series of bright coloured lines on a dark background. 



 

Within a series the intervals between the frequencies of each line decrease until the lines are so close 

together that they converge to form a continuous spectrum or continuum as shown in the diagram. A 

graphical method can be used to find the start of the continuum. A plot of 𝐟 against ∆𝐟 can be extrapolated 

back to find where ∆𝐟 is 0.  This is the start of the continuum.    

 

(a) What causes a line in an emission spectrum?  

(b) Why do the lines converge as they reach the continuum?  

(c) (i) Calculate the energy, in kJ/mol, of the emission line at the start of   the continuum if the 

curve ∆𝐟 intersects the y-axis (𝐟) at 1.26 × 1015Hz. 

           (ii) What does this energy represent?     

Question 49 

Below is a simplified diagram of the Balmer series in the emission spectrum of atomic hydrogen.

  

 

Spectral lines arise as a result of electronic transitions in atoms.  The Balmer series is produced by 

the transitions shown in the following diagram.  

continuum

frequency / Hz

wavelength / nm
656 389

A

Frequency 
 (𝐟)/Hz 

Differences in frequency, (∆𝐟) / Hz  

wavelength/nm 



 

(a) What transition corresponds to a line A in the spectrum? Explain your answer.    

(b) Calculate the energy difference, in kJmol–1, that gives rise to l ine A, with 

wavelength 656 nm.  

 Question 50 

The electron configuration for nitrogen is:   

 

 

(a) What do the symbols      and              represent?   

(b) What is the significance of x, y and z in the 2p sublevel?  

(c) (i) Describe the shape of the s and p orbitals.   

 (ii) Describe the position of the p orbitals relative to each other.  

(d) Why is the 2pz electron for nitrogen not placed in the 2px or 2py orbital?           

(e) Phosphorus is in the same group as nitrogen but has 15 electrons. Clyfar, a form five student 

wrote the following configuration for phosphorus:   

 

Explain the two mistakes in the Clyfar’s  answer .  

Question 51 

There are four statements that you have come across in your study of electrons and atomic 

orbitals.  These statements are: 

(1)  The Aufbau principle   

(2) Heisenberg’s uncertainty principle  

(3)  The Pauli Exclusion Principle   

(4) Hund’s rule of maximum multiplicity  

(a) The electronic configuration for boron is given by (i) and not (ii).   

 

1

2

3
4

8
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7
Energy
level

1s 2s2px2py2pz

1s 2s 2px 2py 2pz 3s 4px 4py 4pz

1s 2s 2p

(i)

1s 2s 2p

(ii)



Explain why (ii) is wrong and identify which of the above statements justifies your choice. 

(b) The electronic configuration for carbon is given by (iii) and not (iv).   

 

Explain why (iv) is wrong and identify which of the above statements justifies your choice.  

(c) The electronic configuration for nitrogen is given by ( v) and not (vi).  

 

Explain why (vi) is wrong and identify which of the above statements justifies your choice.   

Question 52 

(a) Draw diagrams, including axes, to represent a 2s orbital and the three 2p orbitals.  

(b) What does an orbital diagram represent? 

(c) What is the significance of the number 2 in the terms 2s and 2p?  

(d) The three 2p orbitals are often degenerate. What does the term ‘degenerate’ mean in this 

context? 

(e) Draw an energy level box diagram to represent the relative energies of the 1s, 2 s and 2p 

orbitals in an isolated atom. 

Question 53 

The mass spectrum of a molecule of empirical formula CH4O is shown below.  

 

(a) Suggest a formula for an ion for each peak in the above spectrum. Identify the parent 

ion. 

(b) What is measured by the peak height in the above spectrum? 

(c) Occasionally two electrons can be removed from each fragment produced.  Where 

will these peaks appear in the mass spectrum? 

 

 

1s 2s 2p

(iii)

1s 2s 2p

(iv)

1s 2s 2p

(v)

1s 2s 2p

(vi)



Question 54 

The diagram below represents a section of the line emission spectrum for hydrogen.   

 

 
 (a) If the spectrum of hydrogen is viewed through a spectroscope only one set of lines 

is seen.  

 (i) Why is this?  

 (ii) Which series is seen?  

(b) Explain how any particular line in this spectrum is  

 produced.  

(c) The last line or convergence limit of the Lyman series has a wavenumber of 

approximately 11 × 106 m–1.   Calculate the energy equivalent of this in kJmol–1. 

(d) What does the energy referred to in (c) correspond to?  

 

 Question 55 

Imagine a universe in which the value of the magnetic spin quantum number, ms, can be + ½, 0, or – ½.  

Assuming that all of the other quantum numbers can take only the values possible in our world and the 

Pauli Exclusion Principle applies, give the following: 

(a) The new electronic configuration of phosphorus. 

(b) The atomic number of the element with a complete n=3 shell. 

(c) The number of unpaired electrons in aluminum. 

Question 56 

State: 

(i) Aufbau principle 

(ii) Hund’s rule of maximum multiplicity 

(iii) The uncertainty principle 

Question 57 

(a) Explain why ground state electronic configuration of Cr   and  Cu are different from what might be 

expected. 

(b) What is the total number of electrons that can be held in all orbitals having the same principle   quantum 

number n? 

Question 58 

The following value is the only allowed energy levels of hypothetical one-electron atom. 

                         E6 = −2 × 10−19J    E5 = −7 × 10−19J 



                          E4 = −11 × 10−19J   E3 = −15 × 10−19J 

                         E2 = −17 ×  10−19J   E1 = −20 × 10−19J 

(a) If the electron was in the n = 3 level, what would be the highest frequency and minimum wavelength 

of radiation that could be emitted? 

(b) What is the ionisation energy (in kJ/mol) of the electron in its ground state? 

(c) If the electron was in the n = 4 level what would be the shortest wavelength of radiation that could be 

absorbed without causing ionisation. 

Question 59 

The energy of the   electron in hydrogen atom in the ground state is given by; 

                                                     E1 =
−2.178×10−18

n1
2 Joules 

The energy of the same electron if it occupies a higher level n2  is given by: 

                                                  E2 =
−2.178×10−18

n2
2 Joules 

(i) Why is the energy negative? 

(ii) Calculate the energy in joules and the wavelength in metres of the light which must be absorbed 

by atom to excite its electron from n = 1   to  n = 2. 

 Question 60 

With reference to calcium at ground state, how many electrons have the following quantum numbers? 

(i) n = 3 

(ii) ml = 0 

(iii) l = 1        

Question 61 

(a) Write the electronic configuration of  

(i) Cu 

(ii) Mg2+ 

(iii) Cr 

(iv) Li+ 
(b) State the postulates of Bohr’s atomic theory,  briefly state the shortcomings of the theory 

Question 62 

(a) Define the following terms 

(i) Quantization of angular momentum 

(ii) Azimuthal  quantum  number 

(iii) Wave particle duality of matter 

b)    Briefly explain the physical significance of the state   n = ∞  and E = 0 for hydrogen atom. 

 Question 63 

The nucleus of certain element is presented as 𝐗𝟕
𝟏𝟓 . Clearly deduce the number of each of the fundamental 

particles in atom 𝐗.                                                                                                                                                      

Question 64 

List down four information that can be obtained from principal quantum number. 

 Question 65 



When an electron jumps from certain higher energy level, E2 , to its ground  state E1 , green  light  in the 

Ballmer series is emitted. If the energy released during this transition is 4.071 × 10−19J, Determine the:- 

(i) Wavelength  of the green light 

(ii) Higher energy level E2, from which the electron jumps to the ground energy level,   E1. 

Question 66 

The atomic spectrum of hydrogen in the visible region is given by the following relationship; 

1

λ
= RH (

1

n1
2 −

1

n2
2) 

(a) What do symbol λ, RH, n1and n2 represent 

(b) Calculate the frequency of the third line of visible spectrum. 

Question 67 

Samples of pure silicon obtained from natural silicon ores, mined in different parts of the world, have 

slightly different relative atomic masses. Explain. 

Question 68 

What is the maximum number of orbitals with: 

(i) n = 2, l = 1 
(ii) n = 2, l = 2 
(iii) n = 3, l = 2 
(iv) n = 5, l = 1, ml = −1 

Question 69 

From Heisenberg equation; show that Heisenberg’s uncertainty principle is true.                                                                                        

Question 70 

X is the hypothetical element with two isotopes; Xm  and Xn . If the element, X exists as triatomic 

molecule, X3, explain how many peaks the element will show in its mass spectrum.                                                   

Question 71 

(a) The mass number of two atoms, X and Y with the same atomic number are 35 and 37 respectively. If 

X contains 18 neutrons in its nucleus, find the number of neutrons and electrons in Y.                                                        

(b) State whether each of the following sets of quantum number is permissible for an electron in an atom. 

If a set is not permissible, explain why? 

(i) n = 1,   l = 1, ml = 0, ms = + 1
2⁄  

(ii) n = 3, l = 1,    ml = −2,  ms = − 1
2⁄  

(iii) n = 2   l = 1,    ml = 0,    ms =    + 1
2⁄  

(iv) n = 2 , l = 0    ml = 0     ms = −1 

Question 72 

In order to obtain a mass spectrum of an element, a gaseous sample of the element is first ionised.  

(a) Describe how ionisation is achieved in mass spectrometer. 

(b) Give three reasons why ionisation is necessary. 

Question 73 

Some data obtained from the mass spectrum of a sample of carbon are given below.       



Ion  C+12  C+13  

Absolute mass of one 

ion/g 

1.993 × 10−23 2.158 × 10−23 

Relative abundance % 98.9 1.1 

Use these data to calculate a value for:  

(i) the mass of one neutron,  

(ii) the relative atomic mass of C13  and  

(iii) the relative atomic mass of carbon in the sample.  

You may neglect the mass of an electron. 

Question 74 

The diagram below shows a section of mass spectrometer between the acceleration stage and the detection 

stage. The accelerated ions are from a sample of krypton which has been ionised as follows: 

Kr(g) ⟶ Kr+(g) + e 

The ions are deflected in four distinct paths, A, B, C and D. Ions are detected and a mass spectrum is then 

produced. 

 

(i) What accelerates the Kr+ ions before being deflected? 

(ii) What deflects the moving ions around a curved path? 

(iii) Why do the Kr+ ions from this sample of krypton separate into four paths? 

(iv) What adjustment could be made to the operating conditions of the mass spectrometer in order to 

direct the ions following path C onto the detector? 

(v) For each type of ion what two measurements can be made from the mass spectrum? 

(vi) What factors, other than the mass to charge ratio of an ionised particle, determines how much that 

particle is deflected in a magnetic field of a given strength. 

Question 75 

The table below shows some data about fundamental particles. 

Particle  Proton  Neutron  Electrons  

accelerated
ions

A

B

C

D

to detector



Mass /g 1.6725 × 10−24 1.6748 × 10−24 0.0009 × 10−24 

Relative charge    

 

(a) Complete the table by giving a value for the relative charge of each particle. 

(b) Calculate the mass of an atom of hydrogen which is made from a proton and an electron. 

(c) Calculate the mass of one mole of such hydrogen atoms giving your answer to four decimal places 

(the Avogadro’s constant = L = 6.0225 × 1023mol−1). 

(d) An accurate value for the mass of one mole of hydrogen atoms is 1.0080g. Give one reason why 

this value is different from your answer to part (c). 

Question 76 

The diagram in the figure below shows the behaviour of the three fundamental particles when passes 

through an electric field. 

 

(i) Identify the particles represented by A, B and C.  

(ii) Explain the shapes and directions of the path traced by the fundamental particles as they pass 

through the electric field. 

Question 77 

 The following questions refer to the operation of a mass spectrometer. 

(a) Name the device used to ionize atoms in a mass spectrometer. 

(b) Why is it necessary to ionize atoms before acceleration? 

(c) What deflects the ions? 

(d) What is adjusted in order to direct ions of different mass to charge ratio onto the detector? 

Question 78 

A sample of copper contain the two isotope 63Cu and 65Cu  only. It has a relative atomic mass,Ar, less 

than 64.The mass spectrum of this sample shows major peaks with m/z value of 63 and 65, respectively. 

(i) Explain why the Ar of this sample is less than 64. 

(ii) Explain how Cu atoms are converted into Cu+ ions in a mass spectrometer. 

(iii) In addition to the major peaks at m/z =  63 and 65, much smaller peaks at m/z = 31.5 and 32.5 

are also present in the mass spectrum. Identify the ion responsible for the peak at m/z = 31.5 in 

the mass spectrum. 

(iv) Explain why your chosen ion has this m/z value and suggest one reason why this peak is very 

small. 

Question 79 

+

–

A

C

B



Ozone in the upper atmosphere absorbs light with wavelength of 220 to 290nm.What are the frequency (in 

Hz) and energy (in J) of the most energetic of these photons? 

Question 80 

Boron has an atomic mass of 10.81amu according to the periodic table. However, no single atom of boron 

has a mass of 10.81amu.Suggest a reason of this.        

Question 81 

Two important concepts that relate to the behaviour of electrons in atomic system are the Heisenberg 

uncertainty principle and the wave-particle duality of matter. 

(a) State the Heisenberg uncertainty principle as it relates to determining the position and momentum of 

an object.                                                                                      

(b) What is the meaning of “Wave-particle duality” and derive the equations which justify the concept.                                                                                                         

(c) What aspect of the Bohr Theory of the atom is considered unsatisfactory as result of Heisenberg 

uncertainty?                                                                                      

(d) Explain why the wave nature of particles is not significant when describing the behaviour of 

macroscopic objects, but is very significant when describing the behaviour of electrons.                                                                                                            

Question 82 

The emission spectrum of hydrogen consists of several series of sharp emission lines in the ultraviolet, 

visible and infrared regions of the spectrum. 

(a) Mention series which are found in the infrared regions                                        

(b) What feature of the electronic energies of the hydrogen atom explains why the emission spectrum 

consists of discrete wavelengths rather than a continuum of wavelengths?  

(c) Account for existence of several series of lines in the spectrum. What quantity distinguishes one series 

of lines from another?                                                                           

(d) Draw an electronic energy level diagram for the hydrogen atom and indicate on it the transition 

corresponding to the line of lowest frequency in the Balmer series     

(e) What is the difference between an emission spectrum and an absorption spectrum? Explain why 

the absorption spectrum of atomic hydrogen at room temperature has only the lines of the Lyman 

series.                                                                                      

Question 83 

The Rydberg equation enables you to calculate the frequency of a line in the hydrogen spectrum. The 

version of the Rydberg equation in terms of frequency is: 

f = cRH (
1

n1
2  −

1

n2
2) 



(a) Calculate the frequency of the line produced when and electron falls back from the infinity level to 

the n = 1                                                                                   

(b) Write the equation which relates the energy gap between two levels and the frequency of the light 

emitted                                                                                                   

(c) Use the equation you have written in (b) to calculate the energy in eV needed to move an electron form 

the 1- level to the infinity level. State clearly any assumption you have made in your calculations.                                                                                   

(d) Use the result obtained in (c) to calculate the ionisation energy of hydrogen. 

 Question 84 

(a) What is the maximum number of electrons that an orbital with a magnetic quantum number of 2 could 

hold?                                                                                                              

(b)  

(i) How many electrons on an atom of argon have m=+1?                                 

(ii) Explain why are up to ten electrons on a set of d-orbitals?                             

(iii) What is the maximum number of electrons that are allowed to have the following set of 

quantum numbers in one atom?       n = 4   and   ml = +2                     

(iv) Which element has the last electron in its atom with the following quantum numbers? 

            n = 3,     l = 1,      ml = −1,   ms = −
1

2
                                           

Question 85 

(a) Mention the rule violated in each of the following electronic configuration 

(b) 

     1s              2s                 2p 

↿  ↿⇂                                               
 
                                                    

 

                                                    

1s                2s                   2s 

↿⇂  ↿⇂  ↿⇂   

1s              2s                    2p 

↿⇂  ↿⇂      

    

Give set of quantum numbers of  

(i) Last electron in copper                                                                    

(ii) 26th  electron in cobalt   

   Question 86 

(a) Explain in your own words what is meant by: 

(i) The Pauli Exclusion principle 

(ii) Hund’s rule 

(iii) A line in an atomic spectrum 

(iv) The principle quantum number                                                                                    

(b) An element X has 2 electrons in K shell, 8 electrons in L shell, 13 electrons in M shell and 2 electrons 

in N shell. Deduce the following: 



(i) Its full electronic configuration 

(ii) Atomic number of X 

(iii) Total number of principle quantum numbers with electrons in an atom of X at ground state 

(iv) Total number of sublevels with electrons in an atom of X at ground state 

(v) Total number of unpaired electrons in an atom of X at ground state 

(vi) In which block of periodic table does element X belong?   

      Question 87 

(a) “The electron in the atom is located at a definite distance from the nucleus in an orbit which has 

discrete energy” 

(i) Which atomic model is this statement based? 

(ii) Challenge this statement according to wave mechanical model of the atom?  

(b) Give two examples to show that electronic configuration of half-filled and completely-filled orbitals 

are more stable.                                                                                               

Calculate the energy emitted when electrons of 1g atoms of hydrogen undergo transition giving line of 

lowest energy in the visible region of its atomic spectrum. Show your work clearly including 

manipulation of units    

Question 88 

(a) Define the following terms: 

(i) Nuclides 

(ii) Isotones 

(iii) Isotopes 

(b) Paul Exclusion principle may be stated as; “No two electrons in an atom may have all four quantum 

numbers the same.” Explain two pieces of information which may be extracted from the principle.                           

Question 89 

(a) Define the following: 

(i) Atom 

(ii) Element                                                                                                                                         

(b) What is the relationship between the two terms in (a) above?                                                                  

 

Question 90 

(a) Define the following terms: 

(i) Quantum number 

(ii) Atomic spectrum 

(iii) Mass spectrometer                                                                                                      

(b) Naturally occurring bromine consist of two isotopes, Br79    and Br81 . In determination of relative 

atomic mass of bromine, the following mass spectrum data was obtained, which showed peaks at 

masses 158, 160 and 162 a.m.u. The heights of the peaks were in the ratio of 6:1:5 respectively. 

(i) Sketch the mass spectrum data and label it properly 

(ii) Calculate the average atomic mass of bromine 

(iii) Why RAM of bromine is not a whole number 

Calculate the relative abundancies of Br79    and Br81  

Question 91 

(a) State the following: 

(i) Planck’s quantum theory 



(ii) Heisenberg uncertainty principle 

(iii) Four shortcomings of Bohr’s atomic theory                                                                                  

(b)  

(i) What is ionisation energy? 

(ii) By using Rydberg equation, calculate ionisation energy of hydrogen                                  

Question 92 

(a) At different times scientists have proposed various descriptions or models of the atom to match 

experimental evidence available. The model that Thomson proposed was called the plum-pudding 

model. 

(i) Why the model is known as plum-pudding model? 

(ii) Describe the model. 

(iii) List at least two advantages and two disadvantages of the model. 

(b)  

(i) When you charged a strip of plastic by rubbing it through your fingers or on cloth, you actually 

transferred electrons onto the plastic strip. Using the terms “electrons” and “protons”, and 

“negative” and “positive”, explain why the strip was attracted to your fingers or the cloth you 

rubbed it on. 

(ii) When you rub a balloon on your hair, electrons are transferred onto the balloon. Using the 

terms “electrons” and “protons”, and “negative” and “positive”, explain why a rubbed 

balloon is attracted to and sticks to a wall even though you didn’t rub the balloon on the wall. 

Question 93 

(a) Define the following: 

(i) Electronic configuration 

(ii) Azimuthal quantum number 

(iii) Stark effect 

(iv) Quantum number 

(b) Consider orbitals shown in the figure below: 

 

(i) What is the maximum number of electrons contained in each of orbitals of type Y? 

(ii) How many orbitals of type Z are found in a shell with 𝑛 = 2? 

(iii) An electron residing in a shell with principal quantum number of 3, in an orbital of type X is 

spinning in clockwise direction. Write set of all four quantum numbers for the electron. 

(iv) What is the smallest possible value of 𝑛 for an orbital of type Y? 

(v) What are the possible 𝑙 and 𝑚𝑙 values for an orbital of type Z? 

(c) An organic fertiliser was analysed using a mass spectrometer. The spectrum showed that the nitrogen 

in the fertiliser was made up of 95.12% N14  and 4.88% N15 .  
(i) Calculate the relative atomic mass of the nitrogen found in this organic fertiliser. 

(ii) In a mass spectrometer, under the same conditions, monopositive ions of  N14  and N15  follow 

different paths.  

A: State the property of these ions that causes them to follow different paths.  



B: State one change in the operation of the mass spectrometer that will change the path of an 

ion. 

(iii) Organic fertilisers contain a higher proportion of N15  atoms than are found in synthetic 

fertilisers. State and explain whether or not you would expect the chemical reactions of the 

nitrogen compounds in the synthetic fertiliser to be different from those in the organic fertiliser. 

(Assume that the nitrogen compounds in each fertiliser are the same). 

Question 94 

(a) State the following: 

(i) Aufbau principle 

(ii) Paul’s exclusion principle 

(iii) Hund’s rule of maximum multiplicity 

(iv) Half-filled and full-filled orbital rule 

(b) A diode laser emits a wavelength of 987nm. All of radiations it emits is measured with a total energy 

of 0.52J over a period of 32 seconds. Calculate the number of photons per second emitted by the laser.               

(c) For each of the following statement, state whether you agree or disagree and give reason(s) to defend 

your answer: 

(i) If you know the atomic number of an element in the periodic table, you will also know the number 

of neutrons in any atom of that element. 

(ii) Different atoms of the same element can have different atomic masses. 

Question 95 

(a) (i)   State four postulates of Dalton’s atomic theory.                                   

(ii) Why different atoms have different chemical properties? Briefly explain. 

                                                                                                          

(b) Write the chemical symbol ( XA
Z ) and orbital electronic configuration for the atoms described in the 

following table: 

SN 
Number of Neutrons 

Number of Electrons 

(i)  13 11 

(ii)  7 8 

(iii)  17 18 

(iv)  16 16 

                                                                                                                     

(c) Calculate the minimum energy required to remove an electron from the hydrogen atom in its ground 

state.                                                                               

 

  



Question 96 

(a) Define the following: 

(i) Mass number 

(ii) Relative atomic mass 

(b) Clearly state four postulates of Planck’s quantum theory as derived from black body radiation.              

(c) Indium is in Group IIIA in the Periodic Table and exists as a mixture of the isotopes: In − 113 and  In −
115. A sample of indium must be ionised before it can be analysed in a mass spectrometer. 

(i) State what is used to ionise a sample of indium in a mass spectrometer.  

(ii) Write an equation, including state symbols, for the ionisation of indium that requires the 

minimum energy 

(iii) State why more than the minimum energy is not used to ionise the sample of indium.  

(iv) Give two reasons why the sample of indium must be ionised. 

(v) By reference to the relevant part of the mass spectrometer, explain how the abundance of an 

isotope in a sample of indium is determined. 

(vi) A mass spectrum of a sample of indium showed two peaks at m/z = 113 and m/z = 115. The 

relative atomic mass of this sample of indium is 114.5. Calculate the percentage abundances 

of the two isotopes 

 

 

 

  



SOLUTIONS 

Question 1 

(i) By adding number of protons and number of neutrons of the atom. 

(ii) In the atom, protons and neutrons are heavier sub-atomic particles contributing to almost the entire 

mass of the atom. Consequently, their total number is almost equal to the mass of the atom in atomic 

mass unit (a. m. u). 

Question 2 

(a) The number of electrons is equal to the number of protons. 

(b) The negative charge of an electron is opposite to the positive charge of proton; but they are of equal 

magnitude. So to have the neutral atom there must be the same number of protons and electrons. 

Question 3 

(i) Name: Billiard ball atomic model 

Diagram: 

  

 

 

(ii) Name: Plum-pudding atomic model 

Diagram: 

 

 

(iii) Name: Nuclear atomic model (or planetary atomic model) 

   Diagram: 

 

 

 

 

 

 

 

 



 

(iv) Name: Solar system atomic model 

Diagram: 

 

(v) Name: Quantum mechanical atomic model (or electron cloud atomic model) 

Diagram: 

 
Question 4 

(i) Isotope is an atom of an element with the same atomic number as that of another atom of the same 

element but differ in mass number. 

 

(ii) X35
79   and X35

81  

 

(iii) Ar = 
∑(isotopic mass × percentage abundance)

100
  

 

      = 
79×50.5+81×49.5

100
=  79.99 

So the relative atomic mass of X is 80.0 (To three significant figures) 

Question 5 

Atomic number of an element is fixed (All isotopes of Cl have the same atomic number of 17) unlike mass 

number whose value is different for different isotopes and hence it is essential to indicate mass number of 

Cl so as to differentiate to another Cl atom with mass number of 37. 

Question 6 

Rutherford performed alpha rays scattering experiment to demonstrate the structure of atom. Heavy atoms 

have a heavy nucleus carrying a large amount of positive charge. Hence some alpha particles are easily 

deflected back on hitting the nucleus. Also a number of alpha particles are deflected through small angles 



because of large positive charge on the nucleus. If light atoms are used, their nuclei will be light and 

moreover, they will have small positive charge on the nucleus. Hence, the number of particles deflected 

back and those deflected through some angle will be negligible 

Question 7 

1. Gold is the most malleable metal and therefore thinnest metal layer can be obtained from it. 

2. Gold nucleus is heavy and therefore can produce large deflection of α-particles. 

Question 8 

Isodiapheres are atoms (of different elements) with different atomic number (proton number) and neutron 

number but the same difference between the number of neutrons and protons. For example K19
39  and P15

31  are 

isodiapheres where the difference between the number of neutrons (20 for K and 16 for P) and protons (19 

in K and 15 in P) is 1 (20 − 19 = 16 − 15 = 1). 

Question 9 

Nuclear charge is defined as the net positive charge experienced by an electron in the orbital of a multi-

electron atom. The closer the orbital, the greater is the nuclear charge experienced by the electron (s) in it. 

(i) 2s is closer to the nucleus than 3s.Hence 2s will experience larger effective nuclear charge. 

(ii) 4d will experience greater nuclear charge than 4f since 4d is closer to the nucleus than 4f. 

(iii) 3p will experience greater nuclear charge since it is closer to the nucleus than 3f because 3p is closer 

to nucleus than 3f. 

Question 10 

Quantized energy means that the electrons can possess only certain discrete energy values; values between 

those quantized values are not permitted. 

Question 11 

(i) Ar+
18
36  having lighter mass, has smaller mass-charge ratio and hence will be more deflected. 

(ii) Ar2+
18
36  having greater positive charge has smaller mass-charge ratio and hence will be more 

deflected. 

Question 12 

Most of the instruments used for investigating the structure of the atom are based on the use of measurement 

of electric charge. As the neutron is uncharged particle, it was not detected by these instruments. 

Question 13 

Although potassium atoms have one more proton than argon atoms, the most abundant isotope of argon has 

22 neutrons which are 2 more neutrons than potassium which has only 20 neutrons. Thus the increase in 

number of neutrons of Ar outweighs the increase in number of protons (atomic number) of K, making 

average atomic weight of Ar close to 40 while that of K is close to 39. 

Question 14 

Ca − 40  is probably the most abundant isotope (because the average atomic mass is usually close to the 

mass number of the most common isotope). 

Question 15 

 Carbon-14 refers to the isotope of carbon with mass number of 14. 

 Silver-108 refers to the isotope of silver with mass number of 108. 



Question 16 

The statement is correct. 

Explanation: 

Due to presence of isotopes, RAM listed in the periodic table is just an average of relative isotopic mass of 

isotopes of magnesium. 

 

Question 17 

When electrons are excited by the addition of energy, they absorb this energy and move out further from 

the nucleus. When the electrons drop back closer to the nucleus, they give the off added energy as light. 

Depending on how far electrons were from the nucleus, they will give off light of different wavelengths in 

different colours when they drop back. 

Question 18 

In order for an electron to be ejected from a metal surface the electron must be struck by a single photon 

with at least the minimum energy to knock the electron loose and hence the proton act as the light particle. 

Question 19 

A photon can be emitted when an electron moves either from:  

 An excited state to its ground state  or  

 A higher energy excited state to a lower energy excited state. 

Question 20 

(a) Because the energies of the orbits in which electron revolve are fixed making the orbits stable. 

(b)  

n                                    3 

l 0              1          2 

ml 0 -1 0 +1 -2 -1 0 +1 2 

 ms ± 1
2⁄  ± 1

2⁄  ± 1
2⁄  ± 1

2⁄  ± 1
2⁄  ± 1

2⁄  ± 1
2⁄  ± 1

2⁄  ± 1
2⁄  

Thus maximum number of electrons is 18 

Question 21 

They are similar in the following manner: 

 They both include electron as the sub-atomic particle. 

 They both include proton as another sub-atomic particle 

 Neither of their models included neutrons as  the sub-atomic particles 

 They both include the fact that an atom is electrically neutral  

They are different in the following manner: 

 Rutherford’s model recognised the presence of nucleus while Thomson’s model did not  

 In Rutherford’s model, the atom is mostly empty space and this is where the electrons are found while 

Thomson’s model suggested that the atom was a solid sphere, with the electron embedded in among 

the positive protons. 



 Rutherford’s model suggested that protons are contained in very small core of an atom while 

Thomson’s model suggested that protons occupy the whole space of the atom as positive fluid. 

 

Question 22 

From  λ =
h

mv
 

The De Broglie wavelength varies inversely proportional to the mass and hence electrons having smaller 

mass (than protons) have longer the De Broglie wavelength. 

Question 23 

(a) Light carries quanta (fixed amount) of energy and travels in packets called photons. Atoms can absorb 

or emit photons of specific energies. 

(b)  

(i) [Ne]3s23p1 

(ii) [He] 2s22p5 

(iii) [Ar]4s23d7 

(iv) [Ar]4s23d1 

Question 24 

(a) In the daily life, macroscopic objects are more common. Those macroscopic objects have too small de 

Broglie wavelength to be detected and hence they do not exhibit wave characteristic. 

(b)  

(i) Chromium has atomic number of 24. Its electronic configuration is:                                                                                                                                                               

 

(ii) Copper has atomic number of 29. Its electronic configuration is;                                                                                                                                                                       

 

Question 25 

(i) Allowed 

(ii) Not allowed because l must be less than n(l cannot be equal to n) 

(iii) Allowed 

(iv) Not allowed because magnitude of ml cannot be greater than that of l(ml must take values from 

– l to + l ) 
Question 26 

(a)  

 ORBIT  ORBITAL 

    

01 It is a defined circular (more specific, 

elliptical path followed by electron around 

the nucleus 

01 Is the region around the nucleus of an atom where there is a 

maximum probability of finding an electron 

    1s         2s                2p                 3s                3p                4s                    3d 

  

 
↿⇂ ↿⇂  ↿⇂      ↿⇂     ↿⇂ ↿⇂  ↿⇂      ↿⇂     ↿⇂ ↿   ↿     ↿     ↿     ↿     ↿ 

    1s         2s                2p               3s                3p                  4s                    3d 

  

 

   

↿⇂ ↿⇂  ↿⇂      ↿⇂     ↿⇂ ↿⇂  ↿⇂      ↿⇂     ↿⇂ ↿  ↿⇂    ↿⇂   ↿⇂   ↿⇂  ↿⇂ 



02 It represents two dimension motion of 

electron around the nucleus 

02 It represents three dimensional motion of electron around the 

nucleus 

03 Orbit is elliptical in shape 03 Orbital have different shapes 

04 The maximum number of electrons in an orbit 

is 2n2 where n is the orbit number 

04 The maximum number of electrons in an orbital is 2 

(b)  

(i) Aluminium has atomic number of 13 

                           3s               3p 

                  [Al] = [Ne]                                          ..At ground state 

At excited state, one s-electron is promoted to higher energy p-orbital as follows: 

                            3s               3p 

                  [Al] = [Ne]                                        …At excited state 

 

 

 

(ii) Silicon has atomic number of 14 

(iii)  

 

                      3s                3p 

                  [Si] = [Ne]                                        ….At ground state 

At excited state, one s-electron is promoted to higher energy p-orbital as follows: 

                            3s               3p 

                  [Si] =  [Ne]                                         ...At excited state 

(iv) Phosphorous has atomic number of 15 

At ground state: 

 

                      3s                3p                         3d 

                  [P] =  [Ne]                                                                         

 

Therefore, at excited state the configuration will be as follows: 

                            3s               3p                         3d 

                  [P] = [Ne]     

Question 27 

(a)  

1. 1p because 1p means n = 1, l = 1 and l can never be equal to l. 

↿⇂  ↿    

↿  ↿         ↿   

↿⇂  ↿         ↿    

↿  ↿         ↿        ↿ 

↿⇂  ↿      ↿         ↿   

↿  ↿         ↿        ↿ ↿     

 



2. 3f because 3f means n = 3, l = 3 and l can never be equal to l. 

3. 2f because 2f means n = 2, l = 3 and I can never be greater than n. 

(b) Sulphur has atomic number of 16 

                      3s                3p                         3d 

                  [S] =  [Ne]                                                                         

(i) To increase number of unpaired electrons to four so as to have covalency of four in S, one p-electron 

must be promoted to higher energy d-orbital at excited state as follows: 

                      3s                3p                         3d 

                  [S] =  [Ne]                                                                         

 

 (ii) To have six unpaired electrons (covalency of 6), one s-electron and one p-electron (from the paired 

orbital) must be promoted to higher energy d-orbital as follows: 

                      3s                3p                         3d 

                  [S] =  [Ne]                                                                         

Question 28 

(a) n = 4, l = 2, ml = −2, −1,0, +1 or + 2 

(b) Atomic number of chlorine is 17 

                      3s                3p                         3d 

                 [Cl] =  [Ne]                                                                         

 

(i) To increase number of unpaired electrons to three so as to have covalency of three in Cl, one p-

electron must be promoted to higher energy d-orbital at excited state as follows: 

                      3s                3p                         3d 

                 [Cl] =  [Ne]                                                                         

(ii) To have five unpaired electrons (covalency of 5), two p-electrons (from paired p-orbitals) must be 

promoted to higher energy d-orbital as follows: 

                      3s                3p                         3d 

                 [Cl] =  [Ne]                                                                         

 

(iii) To have seven unpaired electrons (covalency of 7), one s-electron and two p-electrons (from paired 

p-orbitals) must be promoted to higher energy d-orbital as follows: 

 

                      3s                3p                         3d 

                 [Cl] =  [Ne]                                                                         

Question 29 

(a)      

(i) This is accordance to Aufbau principle which states that: Electrons tend to occupy the orbitals of 

lower energy before those of higher energy. 

(ii) This is accordance to Hund’s rule which states that: Pairing of electrons in orbitals of the same 

type with the same energy is not allowed until each orbital is singly occupied with electron 

↿⇂  ↿⇂      ↿    ↿     

↿   ↿   

 

↿⇂  ↿      ↿         ↿   ↿ 

↿  ↿      ↿         ↿   ↿    ↿ 

 

↿⇂ ↿⇂    ↿⇂        ↿    

↿⇂ ↿⇂     ↿         ↿   ↿ 

↿⇂  ↿      ↿         ↿   ↿    ↿ 

 

↿  ↿      ↿         ↿   ↿     ↿     ↿ 

 



(iii) This is accordance to Pauli’s Exclusion principle which may be stated as: No two electrons in the 

same atom may have identical values for all four of their quantum numbers. 

(b)  

(i) Iron has atomic number of 26 

                                                        3d                       4s   

So,                   [Fe] = [Ar]  

Here outermost shell is n = 4, so two electrons which are to be removed so as to form Fe2+ must be from 

4s-orbital.                                              

                                                          3d                    4s   

Hence       [Fe2+] = [Ar]  

 

(ii) Zinc has atomic number of 30 

                                                           3d                     4s   

So,                   [Zn] = [Ar]  

 

Again the outermost shell is n = 4, so two electrons which are to be removed so as to form Zn2+ must be 

from 4s-orbital.    

                                                          3d                     4s   

Hence        [Zn2+] = [Ar]  

 

(iii) From [Fe] in (i) above, [Fe3+] can be deduced as follows; (After removing 3 electrons from Fe). 

                                                         3d                     4s   

Hence       [Fe3+] = [Ar]  

 

Question 30 

(a) With the configuration, [Ar]3d54s1, the configuration of chromium is said to violate Aufbau principle 

because electrons are filled in the higher energy 3d orbitals before totally occupying the lower 

energy 4s − orbital. 
(b)  

(i) Not valid: Violate Aufbau principle. 

(ii) Not valid: Violate Paul Exclusion principle and Aufbau principle. 

(iii) Not valid: Ra is not a noble gas and therefore it cannot be used in shortening configuration of 

other atoms. 

(iv) Valid 

(v) Not valid: Configuration of noble gas cannot used to shorten the configuration of the noble gas 

itself. 

Question 31       

(i) 1s < 2s = 2p < 3s = 3p = 3d < 4s 

(ii) 1s < 2s < 2p < 3s < 3p < 4s < 3d < 4p 

↿⇂  ↿⇂     ↿     ↿     ↿     ↿ 

  ↿⇂     ↿     ↿     ↿     ↿ 
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Question 32 

Electronic configuration of Xe is  

 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 

(i)  Total number of electrons in n = 4(4s24p64d10) is  

         2 + 6 + 10 = 18 

  Hence 18 electrons have n = 4 in the xenon 

(ii) n = 4, l = 2 is for 4d orbitals which have 10 electrons (4d10) 

                 Hence 10 electrons haven = 4, l = 2. 

(iii) ml = 0  stand for s-orbital which are 1s2 2s23s24s2 5s2 for 

 Xe with total number of 2 + 2 + 2 + 2 + 2 or 10 electrons  

Hence 10 electrons have ml = 0 in the xenon 

(iv) Four quantum numbers specify only one electron in the Xe 

Hence only 1 electron has n = 2     l = 2, ml = −1, s = 1
2⁄  in the xenon 

(v) n = 4, l = 3 stands for 4f orbital which has no electron in xe 

Hence 0 electrons has n = 4, l = 3 in the xenon 

Question 33 

Electronic configuration of calcium is 

1s2 2s22px
22py

2 2pz
2 3s23px

23py
23pz

24s2 

(i) For calcium atom, ml = 0 represents s and py orbitals in the following:  

1s22s22py
2 3s23py

24s2 

Thus the total number of electrons is 2 + 2 + 2 + 2 + 2 + 2 = 12 

Hence the number of electrons in calcium with quantum number ml = 0 is 12. 

(ii) l = 1 stands for the p orbitals which for calcium are: 

 2px
22py

2 2pz
2 3px

2 3py
2 3pz

2 

Thus the total number of electrons is 2 + 2 + 2 + 2 + 2 + 2 = 12 

Hence the total number of electrons in calcium with quantum number l = 1 is 12. 

  Question 34 

(a)  

(i)  

 Horizontal lines represent quantized energy levels. 

 Vertical lines represent transition of electrons between different quantized energy levels. 

(ii)  

 Through excitation of electron, quanta of radiation energy are absorbed and therefore giving 

absorption line spectra. 

 When the excited electrons return to ground state or to lower energy excited state quanta of 

radiation energy is emitted and therefore giving emission spectrum. 

(b)  

Wavelength of a line in the hydrogen emission spectrum of is given by the following Rydberg equation: 

  
1

λ
= RH (

1

n1
2 −

1

n2
2) 

Substituting given values to the above equation gives 

1

λ
= 1.1 × 107 (

1

22
−

1

52
), 



From which  λ = 4.329 × 10−7m  or 432.9nm 

From the wavelength corresponding to the given transition is approximately 433nm which is almost the 

same with the given value of 434nm. So as the transition of electron obey Rydberg equation for the 

hydrogen, the given wavelength is correct for hydrogen atom. 

(c)  

Assume an electron in hydrogen atom jump from its ground state of n= 1to higher energy of n1 with 

respective energy of E and E1. 

From Rydberg equation: 

              
1

λ
=    RH (

1

12 − 
1

n1
2) 

Where λ is the wavelength of the energy absorbed,  

RH is Rydberg constant = 1.097 × 107m−1. 

From Bohr’s theory; 

                 ∆E = hf =  
hc

λ
                             (f =  

c

λ
) 

But ∆E =  E1 − E 

Thus E1 − E =  
hc

λ
 

But from Rydberg equation  

  
1

λ
= RH  (

1

12 −
1

n1
2) 

Then E1–  E = hc RH  (
1

n2 −
1

n1
2) 

Where h is the plank’s constant = 6.626 × 10−34Js 

           c is the velocity of radiation = 2.998 × 108m/s 

 So E1 −  E = 6.626 × 10−34 × 2.998 × 108 × 1.097 × 107 (
1

12 −  
1

n1
2) 

         E1 −  E = 2.179163 × 10−18 (
1

12 −
1

n1
2) 

 When n is too large, i.e. n1 = ∞, E1 = 0 and  
1

n1
2 ≈ 0 

Then ∆E =  E1 −  E = 0 − E = −E  

Thus –E = 2.179163 × 10-18 (
1

12 − 0)  

From which; –E = 
2.179163×10−18

1
J 

But 1ev = 1.6 × 10−19J 

Then 
−2.179163 ×10−18

1
J =  

−2.179163×10−18

1×1.6×10−19 ev =  −13.6ev 

Hence the energy is −13.6ev 

Question 35 

(a) n = 2(where Balmer series if formed). 

(b) Dark lines are formed when electrons in n = 2 (lower energy excited state) hydrogen atoms are 

further excited to higher energy level by absorbing radiation energy of wavelength in the visible 

spectrum. 

This is because when excited electron from higher energy level to n = 2 (Balmer series), it forms emission 

visible spectrum which inturn implies that only an electron in n = 2 will be excited by absorption of the 

same amount of energy in the visible spectrum, turning the red line into dark line. 

(c) Ground state in hydrogen has n = 1 = n1 

Therefore second excited state has n = 3 = n2 

Using f =
C

λ
 



But from Rydberg equation: 

                  
1

λ
= RH (

1

n1
2 −

1

n2
2) 

It follows that; f = cRH (
1

n1
2 −

1

n2
2) 

Substituting  f = 3x108 × 1.1 × 107 (
1

12 −
1

32) Hz 

= 2.93 × 1015Hz 

Hence the frequency is 2.93 × 1015Hz 

(d) Using f = cRH (
1

n1
2 −

1

n2
2) 

Where n1 = 1(an electron dropped to the ground state after the first jump) 

            n2 = Is the higher energy level attained after the first jump which is unknown. 

Substituting 3.2 × 1015 = 3 × 108 × 1.1 × 107 = (
1

12 −
1

n2
2) 

 From which  n2 = 5.7 ≈ 6 

So for first jump: n1 = 4, n2 = 6(as the same energy absorbed in jumping from n=4 to n=6 will be emitted). 

Then using again  

  f = cRH (
1

n1
2 −

1

n2
2) 

= 3 × 108 × 1.1 × 107 (
1

n1
2 −

1

n2
2) Hz 

 = 3 × 108 × 1.1 × 107 (
1

42 −
1

62) Hz 

 = 1.146 × 1014Hz 

 Hence the frequency of photon required for first jump is 1.146 × 1014Hz 

 Question 36 

(a) The lowest frequency in the Balmer series is obtained when an electron fall from L = 3. (Since the 

frequency is direct proportional to the energy, the lowest frequency is obtained when the energy 

difference between the two energy level is minimum which is E3 − E2 for Balmer series). 

Then using: 

   
1

λ
= R (

1

S2 −
1

L2) 

   
1

λ
= 1.1 × 107 (

1

22 −
1

32)  

From Which  λ = 6.55 × 10−7m 

Hence the wavelength is 6.55 × 10−7m 

(b) The light is formed when the excited electron in the hydrogen atom fall from L=3 to S = 2 and therefore 

emitting energy in terms of radiation (light). 

(c) For first jump: 

L=7: S is unknown  

Substituting 
1

2.165×10−6 = 1.1 × 107 (
1

S2 −
1

72) 

From which: S = 4 

For second jump; 



S = 1(Ground state) 

L = 4 (S of the first jump is the L or excited state of the second jump) 

Then substituting that value in: 

              
1

λ
= R (

1

S2 −
1

L2) 

              
1

λ
= 1.1 × 107 (

1

12 −
1

42) 

From which λ = 9.697 × 10−8m                

Hence the wavelength of the second photon is  9.697 × 10−8m                    

Question 37 

(a) Ultraviolet region 

(b) Using Rydberg equation   
1

λ
= 1.1 (

1

n1
2 −

1

n2
2) 

Substituting 
1

λ
= 1.1 × 107 (

1

12 −
1

22) 

From which λ = 1.212 × 10−7m 

The wavelength of photon emitted is 1.212 × 10−7m 

(c) Electron transition from higher energy excited state to n = 2  

(d) The amount of radiation energy absorbed in the excitation of the electron is equal to the amount of 

radiation energy emitted when the electron return to the ground state and is given by the following 

equation. 

            ΔE = hf =
hc

λ
 

But from Rydberg equation: 

  
1

λ
= RH (

1

n1
2 −

1

n2
2) 

 Then ΔE = hcRH (
1

n1
2 −

1

n2
2) 

= 6.63 × 10−34 × 3 × 108 × 1.1 × 107 (
1

32
−

1

52
) J 

             = 1.556 × 10−19J 

Hence the energy of the photon is = 1.556 × 10−19J  

Question 38 

(a) Thomson used it to discover the electron and that the electron is negatively charged. 

(b) Rutherford shot alpha particles through gold foil and discovered the atomic nucleus. 

He learned that all atoms have a dense, positively charged tiny core and that electrons are found in 

space around the nucleus. 

(c) Bohr discovered that electrons can only be certain, discrete distance from the nucleus. 

The electrons orbit the nucleus in fixed predictable orbit whose energy is quantized rather than circling 

it randomly in an electron cloud. 

 Question 39 

(i) 1s22s22p6  

(ii) 1s2 2s2 2p6 3s2 3p6 

(iii) 1s2 2s2 2p6 3s2 3p6 



 

 

Question 40 

Dipositive ion (ion with a charge of +2) is formed after removing two electrons from an atom. 

So the given electronic configuration with 10 electrons was obtained after removing 2 electrons from the 

atom. 

Thus the actual total number of electrons in the neutral atom is 10 + 2 = 12 electrons. 

And for neutral atom; 

  Number of electrons = Atomic number 
Hence atomic number of the atom is 12 

Question 41 

The anion x3− with electronic configuration of 10 electrons is formed after x gaining three electrons.  

So number of electron in the neutral atom of x is 10 − 3 or 7 electrons. 

But     for neutral atom; Atomic number = Number of electrons 

Hence the atomic number of x is 7. 

 Question 42 

(a) This is because there are three possibilities of forming diatomic molecule from the two isotopes which 

are: 

- Two Cl − 35 atoms combine to form Cl2(  Cl − Cl3535 ) 

- One Cl − 35 atom combine with another atom of Cl − 37 to form Cl2 (  Cl − Cl3735 ) 

- Two Cl − 37atoms combine to formCl2(  Cl − Cl3737 ). 

(b)  

 Cl − Cl3535  has (35 + 35)amu = 70amu 

 Cl − Cl3735  has (35 + 37)amu = 72amu 

 Cl − Cl3737  has (37 + 37)amu = 74amu 

(c)  

 Intensity of corresponding Cl − Cl3535  is proportional to probability of getting first Cl35  and second 

Cl35 =
75

100
×

75

100
 

 Intensity corresponding to Cl − Cl3735  is proportional to the probability of getting first Cl35  and second 

Cl37  or first Cl37  and second Cl37 = (
75×25

100
) 

 Intensity corresponding to Cl − Cl3737  is proportional to the probability of getting first Cl37  and second    

Cl37 =
25

100
×

25

100
   

Thus the relative amount of the three isotopes is: 

 
75×25

100
 ∶ 2 (

75×25

100
) ∶

25

100
×

25

100
 

Or  75 × 75: 2 × 75 × 25: 25 × 25   or  
75×75

25×25
∶

2×75×25

25×25
∶

25×25

25×25
 

                                                              = 9: 6: 1 

Hence the relative amount of three isotopes is 9: 6: 1 for 70,72 and 74amu respectively  

 Question 43 

(i) If n = 2 and ml = 0 , l may be either 0 or 1 in the following two set of quantum numbers. 



1:  n = 2, l = 0, ml = 0 ⟹ 2s − orbital   
2 : n = 2, l = 1,  ml = 0 ⟹ 2Py − orbital 

Each set of the first three quantum numbers specify a particular orbital which may contain maximum of 

two electrons making a total of 4(2 × 2)electrons in the two sets. 

Hence maximum number of electrons  with given quantum number is 4. 

(ii) If n = 3 and L = 1, ml may be −1,0 or + 1 in the following three sets of quantum numbers: 

          1: n = 3, l = 1,  ml = −1 ⟹ 3Px − orbital 
 

         2:  n = 3, l = 1, ml = 0 ⟹ 3Py − orbital 

 

         3:  n = 3, l = 1, ml = +1 ⟹ 3Pz − orbital 
Each set of the first three quantum number specify a particular orbital with maximum of two electron in the 

orbital thus making a total of 2 × 3 or 6 electrons in the three sets. 

Hence the maximum number of electrons with the given quantum numbers is 6. 

(iii) If  n = 2, and l = 1, ml may be either −1,0 or + 1 in the following three sets of quantum numbers: 

1: n = 2, l = 1, ml = −1 ⟹ 2Px − orbital 
2: n = 2, l = 1, ml = 0 ⟹ 2Py − orbital 

3: n = 2, l = 1, ml = +1 ⟹ 2Pz − orbital 
Each set of the first three quantum numbers specify a particular orbital with maximum of two electrons in 

the orbital. This makes a total of 2× 3 or electrons in the three sets. 

Hence maximum number of electrons with the given quantum numbers is 6. 

(iv) The given first three quantum numbers specify a particular orbital which is 2Px − orbital which 

may contain a maximum of two electrons. 

Hence maximum number of electrons with given quantum numbers is 2. 

(v) The given four quantum numbers specify a particular electron. 

Hence maximum number of electrons with given quantum number is 1. 

Question 44 

(i) ms cannot be whole number, can be + 1
2⁄  or − 1

2⁄  

(ii) ml must lie between – l and  +l, its magnitude cannot be greater than that of l. 

 

Question 45 

(a) From De-Broglie equation; λ =
h

mc
=

h

P
 

For electron:  λe =
h

Pe
         

For proton: λp =
h

Pp
     

But λe = λp (The two particles have the same De-Broglie wavelength) 

It follows that: 

h

Pe
=

h

pp
     

From which Pe = Pp 

Hence both particles will have the same momentum 

(b) From P = mc   or c =
P

m
. 

Thus for a given momentum, speed varies inversely to the mass. 



Since mass of electron is smaller than that of proton and the two have the same momentum (momentum is 

constant), speed of electron must be greater than that of proton. 

(c) Using  K. E =
1

2
mc2 

Then by multiplying m to both denominator and numerator of the above equation gives: 

            K. E =
(mc2)×m

2×m
=

m2c2

2m
=

(mc)2

2m
=

P2

2m
 

Then equation suggest that, for given momentum, kinetic energy varies inversely proportional to the mass. 

Since mass of the electron is smaller than that of the proton and the two particles have the same momentum, 

kinetic energy of the electron must be greater than that of the proton  

Hence the particles with greater kinetic energy is electron.  

(d) From Planck’s theory: 

E ∝ f (Energy varies directly proportional to frequency) thus the particle with greater energy will have 

greater frequency too. 

Hence the particle with greater frequency is the electrons. 

Question 46 

(a) (i) 2s − orbital     (ii) 1s − orbital   (iii) 3d − orbitals    (iv) 4Px − orbital  

Question 47 

In Rutherford’s α −scattering experiment, very few α −particles were either deflected or reflected and most 

of them passed through the gold foil without being deflected or reflected.(0.5) This led to the following 

conclusion: 

(i) Since some α − particles were deflected, the nucleus is positively charged. 

(ii) Since some α − particles were reflected, the nucleus is heavy.  

(iii) Since most of α − particles passed through the gold foil with neither deflection nor reflection, 

nucleus occupies small volume.  

Question 48        
(a) An excited electron returns to ground state or to lower energy excited state, emitting quanta of radiation 

energy as visible light of a specific wavelength. 

(b) The energy difference between successive energy levels decreases with increasing energy which means 

the higher energy levels get closer and closer together. 

(c)  

(i) From Bohr theory: energy of quanta (‘n’ photons) is given by; 

                      ∆E = nhf 
But for 1 mol, n = 6.02 × 1023 photons 

Thus energy in J/mol  
= 6.02 × 1023 × 6.63 × 10−34 × 1.26 × 1015J/mol 

              = 502899J/mol   Or 502.899kJ/mol 
Hence the energy is 502.899kJ/mol 
The energy represents first ionisation energy of the element.   

Question 49 

(a) n = 3  to n = 2 

Explanation 

Line A represents the transition of smallest energy gap because has longer wavelength than all the others 

shown. And as for Balmer series the lower energy level is n = 2, the smallest energy gap will be obtained 

when the higher energy level is n = 3. 

(b) From Bohr theory: energy of quanta is given by: 



                        ∆E = nhf =
nhc

λ
         

Where n = 6.02 × 1023 protons for one mole 

Then substituting ∆E =
6.02×1023×6.63×10−34×3×108

656×10−9 J/mol 

                                  = 182527J/mol Or 182.527kJ/mol 
Hence the energy difference is 182.527kJ/mol. 
Question 50 

(a) An electron where the upward arrow represents an electron spinning in clockwise direction 

while the downward arrow represents an electron spinning in anti-clockwise direction. 

(b) Each letter represents an orbital orientated along the x-, y- or z-axis. 

(c) (i) s orbitals are spherical and symmetrical around the nucleus.  

                  p orbitals are dumb-bell shaped and are symmetrical around each axis.  

 (ii) The p orbitals are arranged mutually at right angles.  

(d) According to Hund’s rule; electrons are placed singly in degenerate orbitals before pairing 

occurs in one orbital.  

(e) Mistake 1: The ‘4p’ orbitals should be labelled ‘3p’. 

 Mistake 2: Violate Hund’s rule which states that electrons will occupy degenerate orbitals 

singly before any one is doubly filled. 

Question 51 

(a) (ii) is wrong because the 2s electrons have all four quantum numbers the same as th ey have  

parallel spin in the same orbital. This violates Pauli’s exclusion principle.  

(b) (iv) is wrong because:  

 Pairing in the 2px has been done before the two 2p electrons occupying two degenerate 2p 

orbitals (with parallel spin). This violate Hund’s rule.  

 Also the two 2p electrons have parallel spin in the same orbital. This violates Pauli’s 

exclusion principle.  

(c) (vi) is wrong because the 2p sublevel which has higher energy than 2s sublevel is filled with 

electrons before1s is completely filled with electrons. This violates the Aufbau principle.  

Question 52 

(a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(b) A region where one or (at most) two electrons are likely to be found.  

(c) It signifies the second energy level.  

(d) Of equal energy. 

x 

y 

z 

y 
y 

y 

x 



(e) 

 

 

 

 

Question 53 

(a)  

ION m/z 

CH4O+ 32 

CH3O+ 31 

CH2O+ 30 

CHO+ 29 

CO+ 28 

 

The parent ion is CH4O+. 

(b) The relative abundance of each ion formed. 

(c)  

 

ION m/z  

where z=2 

CH4O2+ 16 

CH3O2+ 15.5 

CH2O2+ 15 

CHO2+ 14.5 

CO2+ 14 

 

Question 54 

(a)  

(i) Only a small part of the diagram in the question represents the visible spectrum. Other parts 

represents invisible spectrum. 

(ii) Balmer series. 

(b) An electron is excited from its ground state to a higher energy level. On returning to the ground state, 

it emits energy in forms of radiation with amount equal to the energy difference of the two energy levels 

involved. 

(c) From Bohr theory: 



                    ∆E = nhf =
nhc

λ
 

Where 
1

λ
= Wave number 

Substituting;  

ΔE = 6.02 × 1023 × 6.63 × 10−34 × 3 × 108 × 11 × 106J/mol 

                            = 1317116J/mol Or 1317.116kJ/mol 

Hence the energy is 1317.116kJ/mol 

(d) The ionisation energy of hydrogen. 

 

Question 55 

(a) 1s32s32p9 

(b) The electronic configuration of the element with a complete n=3 shell 1s32s32p93s33p94s33d15 

(Notice that n=3 has 3s, 3p and 3d sublevels which must be completely filled with electrons for n=3 

to be completely filled with electrons). 

Thus total number of electrons in the atom = 3 + 3 + 9 + 3 + 9 + 3 + 15 = 45 

But for neutral atom: 

𝐓𝐨𝐭𝐚𝐥 𝐧𝐮𝐦𝐛𝐞𝐫 𝐨𝐟 𝐞𝐥𝐞𝐜𝐭𝐫𝐨𝐧𝐬 = 𝐀𝐭𝐨𝐦𝐢𝐜 𝐧𝐮𝐦𝐛𝐞𝐫 

Hence the atomic number of the element is 45 

(c) The electronic configuration of aluminium would be: 

    1s3        2s3                      2p7  

 

 Hence there are 0 unpaired electrons. 

Question 56 

(i) In the ground state, electrons tend to occupy the orbital with minimum energy.  

(ii) Electrons are not allowed to pair up unless the empty degenerate orbitals are singly occupied with 

parallel spins electrons. 

(iii) It is impossible at any moment to predict simultaneously the exact position and velocity of an electron 

in an atom. 

Question 57 

(a) Due to stability for completely a half filled and full filled electronic structure in d-orbitals for Cr and 

Cu respectively which in turn is caused by the intersection of d and s sub-energy level. This make the 

electronic configuration of Cr to be [Ar]3d54s1 and not [Ar]3d44s2 while that of Cu is [Ar]3d104s1 

and not [Ar]3d94s2. 

(b) Number of orbitals presents in given principal quantum number, n,  is n2  And maximum number  of 

electrons in an orbital is  2 

Hence total number of electrons that can be held in all orbitals having the same principal quantum number 

is n2. 

Question 58 

(a) Maximum frequency and minimum wavelength  is obtained when maximum energy is emitted and ( in  

this case )  this occur when an electrons falls from n = 3  to n = 1 

↿⇂        ↿⇂        ↿⇂ ↿⇂ ↿⇂ 



Energy remitted = E1 − E3 = ∆E 

             = −20 × 10−19 − (−15 × 10−19)  

             = −5 × 10−19(Negative sign means energy was emitted) 

But ∆E = hf  

From which   f =
∆E

h
=

5×10−19

6.63×10−34 Hz = 7.54 × 1014Hz  

Highest frequency of radiation is 7.54 × 1014Hz  

Using λ =
c

f
=

3×108

7.54×1014 = 3.98 × 10−7m 

Minimum wavelength of the radiation is 3.98 × 10−7m 

(b) An electrons is said to be complete ionised if it jumps from n=1 to  infinity;(for and atom with  only 

one electron, valency  shell is n=1) 

But E∞ = 0J 

Thus the energy absorbed in ionizing one electron  

= 0 − E1 = 20 × 10−19J/electron 

Energy absorbed per one mole of electrons  

= 20 × 10−19J/electron × 6.02 × 1023J/mol 

= 1204000J/mol = 1204kJ/mol 

Hence the ionisation energy of the element is 1204kJ/mol  

(c) Shortest the wavelength is obtained when the absorbed energy is maximum. If the electron is in n = 4 

the maximum energy absorbed without causing ionisation is obtained when the electron absorb the 

energy so as to jump up to just before reaching the convergent limit where the energy is almost 0J. 

Thus maximum energy absorbed     

= 0 − 11 × 10−19 = 11 × 10−19J = ∆E 

But ∆E = hf =
hc

λ
 orλ =

hc

∆E
=

6.63×10−34×3×108

11×10−19 = 1.8 × 10−7m       

Hence the shortest wavelength   is 1.8 × 10−7m.      

Question 59 

(i) The energy is negative to indicate that the electron (has negative charge) in the hydrogen atom is 

attracted to the nucleus (has positive) in electron-nucleus electrostatic force of attraction. 

∆E = E2 − E1  

      =
−2.178x10−18

22 −
−2.178x10−18J

12 = 1.6335 × 10−18J       

Hence   1.6335 × 10−18J  must be absorbed      

(ii) Using;   

∆E =
hc

λ
;  λ =

hc

∆E
=

6.63 × 10−34 × 3 × 108m

1.6335 × 10−18
= 1.22 × 10−7m 

Hence the wavelength is 1.22 × 10−7m 

Question 60 



Electronic configuration of calcium is as follows: 1s22s22Px
22Py

22Pz
23s23Px

23Py
23Pz

24s2 

(i) Total number of electrons in n = 3 of 3s23Px
23Py

23Pz
2 is 2 + 2 + 2 + 2 or 8 electrons. 

Hence 8 electrons have quantum number of n = 3   

(ii) ml = 0 represents s and Py  orbitals in 1s22s22Py
23s23Py

24s2 with total of  2 + 2 + 2 + 2 +

2 + 2  or 12 electrons. 

Hence 12 electrons have quantum number of ml = 0  

(iii) l = 1 represents P orbitals in 2Px
22Py

22Pz
23Px

23Py
23Pz

2 with total of 2 + 2 + 2 + 2 + 2 + 2  or 

12 electrons. 

Hence 12 electrons have quantum number of l = 1  

      Question 61 

(a)      

(i) [Ar]3d104s1 

(ii) 1s22s22p6 

(iii) [Ar]3d54s1 

(iv) 1s2 

(b) Postulates of Bohr’s atomic model 
1. An atom consists of very tiny positively charged nucleus. Nearly the entire mass of the atom is 

concentrated in the nucleus. 

2. The electrons in an atom revolve around the nucleus in a certain permitted circular orbits. The 

electrostatic force of attraction between the electron and the nucleus provides the necessary 

centripetal force. 

3. In an atom there are energy levels or energy states called stationary states in which electrons do not 

emit (radiate) energy, the energy of the orbits is quantized, that is they have fixed value of energy to 

enable electrons keeps on moving in the same orbit. 

4. The angular momentum of the electrons in stationary states (ground states) quantized and it is an 

integral multiple of  
h

2π
 

5. The electron can jump from one orbit to the other when it does so it emits or absorb energy. Radiation 

energy is emitted when electrons move from higher to lower energy levels while it is absorbed when 

electrons jump from lower energy level and in both cases the radiation emitted or absorbed is equal 

to the energy difference between the two energy levels and is quantized. 

Shortcomings of Bohr’s atomic model 

1. It does not explain the spectrum of multi-electron atoms. 

2. It does not explain the relative intensity of spectral lines (that is why some spectral lines are brighter 

while others are dimmer). 

3. The model does not explain how covalent bonding makes a molecule stable because the model does 

not recognise the existence of sub-energy levels. 

4. The model viewed an electron as being placed at certain distance from the nucleus but it was proved 

by Werner Heisenberg in his Heisenberg’s uncertainty principle, which states that,  

5. No clear justification was given for the quantization of angular momentum of electron and presence 

of stationary states. 

6. Bohr’s model suggests that the electron move in circular orbit in two dimensions while it has been 

proved that (in quantum mechanical atomic model) the motion is in three dimensions on the elliptical 

path. 

7. It does not explain presence of hyperfine spectral lines. 

8. It does not explain the Zeeman and stark effect.  

 Question 62 



(a)  

(i) Is the phenomenon which occurs when electron revolve around the nucleus whereby angular 

momentum can only take discrete values. 

(ii) Is the energy sublevel in which electron is placed and specifies the shape of an orbital of an electron. 

(iii) Is the property of material objects to exhibit both wave and particle characteristics. 

(b) When the electron is in n = ∞  where E = 0 implies that it experiences zero nuclear attraction and 

therefore the electron is completely ionised from the atom. So n = ∞  and E = 0 is very useful in the 

determining the ionisation energy of hydrogen. 

Question 63 

 Number of protons =  the number in the subscript =  7 

Number of electrons = Number of protons = 7  

Number of neutrons  

= Mass number (in the superscript) − Number of protons = 15 − 7 = 8 

Question 64 

1. Probable distance of an electron from the nucleus 

Greater value of principal quantum number means greater distance from the nucleus. 

2. Energy of an electron 

Greater value of principal quantum number means greater energy of an electron with that principal 

quantum number. 

3. Stability of an electron 

Greater value of principal quantum number means less stability of an electron with that principal 

quantum number. 

4. Size of an orbital 

Greater value of principal quantum number means greater size of an orbital with that principal quantum 

number. 

Question 65 

(i) ∆E = hf;    but f =
c

λ
 

It follows that: ∆E =
hc

λ
 

From which λ =
hc

∆E
=

6.63×10−34×3×108

4.071×10−19 = 4.886 × 10−7m 

Wavelength of green light is   4.886 × 10−7m  

(ii) ∆E = E1 − E2 

Where; 

∆E = −4.071 × 10−19J(negative sign is included because the energy is released) 

E1 =
−13.6eV

22 (Using E =
−13.6eV

n2 (And the light was in Balmer series for which n=2) 

1eV = 1.6 × 10−19J  

E1 =
−13.6 × 1.6 × 10−19

22 
J = −5.44 × 10−19 = ∆E + E2 = −4.071 × 10−19J + E2 

From which  E2 =  −1.369 × 10−19J  

Thus the higher energy level is −1.369 × 10−19J 



Question 66 

(a) λ represents the wavelength  in metres  

        RH represents Rydberg   constant 

        n1 represents lower energy level which is n1=2 for visible region 

        n2 represent the higher energy level, that is n2 > 2 

(b) For visible spectrum , n1=2  

Thus the third line in visible spectrum is n2 = 5 

Thus the given equation becomes: 

 
1

λ
= RH (

1

22 −
1

52) 

   But  f =
c

λ
 

    It follows that:  

f = cRH (
1

22
−

1

52
) = 3 × 108 × 1.1 × 107 × (

1

4
−

1

25
) 

= 6.93 × 1014Hz. 

The frequency of the third line of the visible spectrum is 6.93 × 1014Hz 

Question 67 

Due to presence of isotopes, relative atomic mass is found from the weighted average of mass of different 

isotopes of silicon.  Abundances (relative amounts) of these isotopes is different depending on the sources 

(region where silicon are is mined) and hence the mass will not be exactly the same.  

Question 68 

(i) 3  

(ii) 0  

(iii) 5  

(iv) 1  

Question 69 

From the Heisenberg’s equation; 

∆x × m∆v ≈
h

4π
 

Rearranging the above equation gives; 

∆x ≈
h

4π × mΔv
 

From which it can be deduced that the uncertainty in determining position (Δx) of an object of mass, m, 

varies inversely proportional to the uncertainty in the determination of velocity (Δv) of the object.  

That means if the velocity of the object is determined with more accuracy then its position will determined 

with less accuracy as suggested in Heisenberg uncertainty principle.  

Question 70 

With given isotopes, there are following possibilities of forming triatomic molecule: 

(i) Three atoms of  Xm   

(ii) Three atoms of Xn   



(iii) One atom of Xm  and two atoms of Xn   

(iv) One atom of Xn  and two atoms of Xm   

Hence four peaks will be shown in the mass spectrum.  

Question 71 

(a) Using; Z = A − Number of neutrons 
Atomic number of x = 35 − 18 = 17 = Atomic number  

For neutral atom; atomic number = number of electrons 

Thus number of electrons in Y is 17  

Using Number of neutrons = A – Z 

Number of neutrons in Y = 37 – 17 = 20 

Thus number of neutrons in Y is 20  

(b)  

(i) Not permissible because l cannot be equal to n. 

(ii) Not permissible because magnitude of ml cannot be greater than that of l; ml must range between –l 

and +l. 

(iii) Permissible 

(iv) Not permissible because ms can only be either + 1
2⁄  or  − 1

2⁄ . It cannot take whole number. 

Question 72 

The electrically heated metal coil produces enough amount of heat to initiate the ionisation as per equation: 

                             M(g) + Heat → M+(g) + e 

The knocked off electrons collide with un-ionised atoms to cause more ionisation as per equation: 

                                 M(g) + e → M+(g) + 2e 

Alternatively it can be done by electron bombardment through employment of an electron gun. 

M(g) + e ⟶ M+(g) + 2e 

 
 An electron from the electron gun 

 to knock off electron from M(g) 

Reasons for the ionisation: 

Ionisation of the sample is necessary because it enable particles (gaseous ions) to be: 

(i) Accelerated by electric field in the acceleration chamber 

(ii) Deflected  by magnetic field in the deflection chamber 

(iii) Detected in the detector 

Question 73 

(i) Carbon has an atomic number of 6 

Thus in       C+12 ∶ A = 12, z = 6 = Number of protons 

And number of neutrons = A − z = 12 − 6 = 6 

Using mass of an atom = mass of protons + mass of neutrons 

And if we let: 



                    Mass of one proton = p 

                    Mass of one neutrons = n 
It follows that: 

                                     6p + 6n = 1.993 × 10−23 … … … … … . (i) 

And for  C+13 : A = 13, z = 6 

Then number of neutrons = A − z = 13 − 6 = 7 

And therefore 6p + 7n = 2.158 × 10−23 … … … … … (iii) 

Taking   (iii) − (i) gives: 

                             n = 1.65 × 10−24g 

Hence the mass of one neutron is 1.65 × 10−24g 

Alternative solution for (i) 

C12   and C13  are isotopes with the same number of protons but different number of neutrons. 

Thus C13  has one more neutron compared to C12 . 

So the difference in mass between  C+13  and C+12  is mass of one extra neutron present in the C+12 . 

Hence mass of one neutron = (2.158 × 10−23 − 1.993 × 10−23)g = 1.65 × 10−24g 

(ii) Numerically, the relative atomic mass of C13  is equal to the mass of one mole of C13  atoms.  

Thus relative atomic mass of  C13  = Mass of one atom of C13 × Avogadro’s constant = 2.158 × 10−23 ×

6.02 × 1023 = 12.9912 

Hence the relative atomic mass of C13  is 12.9912 

(iii) Using  Ar =
m1P1+m2P2

P1+P2
 

Where  m2 = 12.9912, P2 = 1.1% , P1 = 98.9% 

And      m1 = 1.993 × 10−23 × 6.02 × 10−23 = 11.9979  

Then      Ar =
(11.9979×98.9)+(12.9912×1.1)

(98.9+1.1)
= 12.0088amu 

Hence the relative atomic mass of carbon in sample is 12.0088amu 

 

Question 74 

(i) Electric field from charged plates. 

(ii) Electromagnet (or simply magnet). 

(iii) Presence of different isotopes of Kr with different 
m

z
 ratio. 

(iv) Reducing strength of the magnetic field. 

(v) 1: Mass to charge ratio (m
z⁄   ratio) of isotope (or simply isotopic mass). 

    2: Abundance of each isotope 

(vi) Speed of the ionised particle. 

 

Question 75 

(a) 

Particle  Proton  Neutron  Electrons  

Mass /g 1.6725 × 10−24 1.6748 × 10−24 0.0009 × 10−24 



Relative charge +1 0 −1 

 

(b) Mass of the H atom  = mass of a proton + mass of an electron 

                      = (1.6725 × 10−24 + 0.0009 × 10−24)g 

                      = 1.6734 × 10−24g    

Hence the mass of an atom of hydrogen is 1.6734 × 10−24g    

(c) Mass of one mole of H atoms = mass of one atom × Avogadro′s constant 
= 1.6734 × 10−24 × 6.0225 × 1023 = 1.0078g 

Hence mass of one mole of H atoms is 1.0078g 

(d) Due to presence of other heavier isotopes of hydrogen. 

 

Question 76 

(i) A is electron 

B is neutron 

C is proton 

(ii) Explanation for the directions: 

 An electron (A) being negatively charged is attracted (deflected) towards positive plate. 

 A proton (C) being positively charged is attracted (deflected) towards negative plate. 

 A neutron (B) having no charge is undeflected. 

 

 

Explanation for the shape: 

The shapes of path traced by A and C suggest that A is more deflected. This is because A (electron) has 

less mass than C (proton). 

Question 77 

(a) Metal coil (or electron gun). 

(b) Only charged particles (ions) can be attracted or accelerated by electric (or magnetic) field. 

(c) Magnetic field (or simply magnet). 

(d) Magnetic field 

Question 78 

(i) Cu 63 is more abundant than Cu65  and therefore Ar become close to 63. 

(ii) There are two ways of converting Cu atoms to Cu+ ions: 

First way: Heat energy from strongly heated metal coil as per equation; 

                  Cu(g) + heat ⟶ Cu+(g) + e 
Second way: Strong energetic collision between high speed electron (which has high kinetic energy) and 

un-ionised Cu atoms leading to the loss of electron in the Cu atoms as per equation: 

                 Cu(g) + e ⟶ Cu+(g) + 2e 

(iii) Dipositive  ion of Cu63  which is Cu2+63  

(iv) 
m

z
 for Cu2+63 : m = 63, z = 2; Therefore 

m

z
=

63

2
= 31.5 

Reason: 



More energy is needed to remove second electron and therefore making the process of removing two 

electrons in Cu atoms more difficulty than removing one electron only. 

Question 79 

Since wavelength varies inversely proportional to energy, most energetic photon has shortest wavelength 

which is given as 220nm (or 220 × 10−9m) 

Then using     f =
c

λ
=

3×108m/s

220×10−9m
= 1.3636 × 1015Hz 

Hence the frequency of the most energetic photon is 1.3636 × 1015Hz 

 Using energy,  

E = hf = 6.63 × 10−34 × 1.3636 × 1015J = 9.0407 × 10−19J 

Hence the energy of most energetic photon is 9.0407 × 10−19J 

Question 80 

Due to existence for of isotopes, the value recorded in the periodic table is just an average of isotopic 

masses. 

 

Question 81 

(a) It is impossible at any moment to predict simultaneously the exact position and momentum of an 

electron in an atom. 

(b) Meaning: Is the property of material objects to exhibit both wave and particle characteristics. 

Derivation: 

Consider a photon of light; in wave model its energy is given by the following Planck’s equation: 

                                  E = hf 

Where h is Planck’s constant 

             f is the frequency 

In the particle model the energy is given by the following Einstein’s equation: 

                                    E = mc2 

Where m is the mass of the photon 

            c is the velocity. 

Equating Plank’s and Einstein’s equation (Law of conservation of energy) 

hf = mc2 

But f = 
c

λ
 

Then 
hc

λ
 = mc2 

   
h

λ  
= mc or λ =

h

mc
 

Hence    λ =  
h

mc
 

(c) Bohr considered an electron being orbiting the nucleus in the fixed path with fixed distance from the 

nucleus while according to the Heisenberg’s uncertainty principle, “It is impossible at any moment to 

predict simultaneously the exact position and velocity of an electron in an atom.” 

(d) From the De-Broglie equation;  



                                             λ =
h

mc
 

Where De-Broglie wavelength varies inversely proportional to the mass of particle; so for macroscopic 

object whose mass is large, the wavelength becomes too small to be measured unlike in electrons whose 

mass is very small    

Question 82 

(a) Paschen series, Bracket series and P-fund series. 

(b) Electronic energies are quantized. 

(c)  

- Excited electron may fall to the ground state either directly or in steps. 

- Different energy of energy levels.  

(d)      

 

(e)               

- Refer to the text for the difference between emission spectrum and absorption spectrum. 

- The room temperature is not sufficient to excite an electron in the hydrogen atom and therefore 

the electron is at ground state where n = 1. 

Question 83 

(a) n1 = 1, n2 = ∞ 

Substituting      f = 3 × 108 × 1.1 × 107 (
1

12 −
1

∞2) 

                 = 3.3 × 1015(1 − 0) = 3.3 × 1015Hz 

Hence the frequency of the line produced is 3.3 × 1015Hz 

(b) From Bohr theory 

         ∆E = hf 

But     f = cRH (
1

n1
2 −

1

n2
2)                    (Given) 

Hence  ∆E = hcRH (
1

n1
2 −

1

n2
2) 

(c) Substituting  

∆E = 6.63 × 10−34 × 3 × 108 × 1.1 × 107 (
1

12
−

1

∞2
) 

            = 2.1879 × 10−18J 
But 1ev = 1.6 × 10−19J 



Then 2.1879 × 10−18J =
2.1879×10−18

1.6×10−19  ev = 13.67ev 

Hence the energy needed is 13.67ev 

Assumption made: 

The energy absorbed in moving the electron from 1-level to infinity is the same as the energy emitted in 

moving the electron from the infinity to the 1-level. 

(d) From (c), the energy required to remove the electron from 1-level to infinity is 2.1879 × 10−18J.This 

corresponds to the ionisation if it is converted to  J/mol. 
But one mole =6.02 × 1023 photons 

So the energy is J/mol = 2.1879 × 10−18 × 6.02 × 1023J/mol 
                = 1317116J/mol  or 1317.116kJmol 

Hence the ionisation energy of hydrogen is 1317.116kJ/mol 

Question 84 

(a) Two electrons (magnetic quantum numbers specify a particular orbital and maximum number of 

electrons in an orbital is always two). 

(b)  

(i) Electronic configuration of argon is: 

1s2 2s2 2px
2 2py

2 2pz
2 3s2 3py

2 3pz
2  

In this case, m = +1 stands for Pz-orbital in 2Pz
2  and 3Pz

2 with total of 2+2=4 electrons. 

Hence there are 4 electrons with m=+1 in the argon 

(ii) For d orbitals l=2 

Thus total number of d-orbitals is 2l + 1 = (2 × 2) + 1 = 5 

But each orbital may contains maximum of two electrons: 

Thus total number of electron in d-orbitals = (2 × 5) or 10 electrons 

(iii)  

  n = 4  and ml = +2  may occur when l = 3 or 2 in following two sets of quantum numbers: 

1. n = 4, l = 3, ml = +2 ⇒ for first orbital 
2. n = 4, l = 2, ml = +2 ⇒ for second orbital 

With maximum of two electrons in each orbital, maximum number of electrons with the given quantum 

numbers in the single atom is 4. 

(iv) The given quantum numbers represent the last electron in 3px
2. 

The element which end with 3px
2 in its electronic configuration have the following full electronic 

configuration:  1s22s22px
2  2py 

2 2pz
2 3s23px

2 3py 
1 3pz

1 

The configuration gives a total of  2 + 2 + 2 + 2 + +2 + 2 + 2 + 1 + 1 or 16 electrons. 

With a total of 16 electrons, the element has atomic number of 16 

The element with atomic number of 16 is sulphur.  

Hence the element is sulphur. 

Question 85 

(a)  

(i) The rule violated is Aufbau principle  

(ii) The rule violated is Hund’s rule  

(iii) It is correct. No rule is violated 



(b)  

(i) Electronic configuration of copper is  

                                   3d                                4s  

                          Last electron in copper 

                    

    Hence the quantum numbers for the last electron in copper are: 

                n = 4, l = 0, ml = 0, ms = + 1
2⁄  

(ii) Electronic configuration of cobalt is  

                              3d                                  4s  

            

 

                               26th electron in cobalt 

Hence the quantum numbers for the 26th electron in cobalt are: 

           n = 4, l = O, ml = O, ms = + 1
2⁄  

Question 86 

(a) (i) Is the rule which govern the arrangement of electrons in an orbital which instructs that maximum 

number of electrons in the orbital is two and the two electrons must have opposite spin.  

(ii) Is the rule which govern the arrangement of electrons in degenerated orbitals which restricts pairing of 

electrons in degenerated orbitals until each orbital is singly occupied with electron spinning in parallel 

direction. 

(iii) Represents wavelength of energy emitted when excited electron return to lower energy excited state or 

to ground state. 

(iv) Is the level used to specify the main energy level in which electron is placed. It is usually represented 

by using whole numbers whereby greater value of the number means higher energy level. 

(b) (i) K,L,M and N stands for n = 1, n = 2, n = 3 and n = 4 principal numbers respectively. 

Thus the full configuration is  1s2 2s2 2p6 3s2 3p6 3d5 4s2   

 (ii) Atomic number of X is the total number of electrons in the atom. That is 𝑍 = 2 + 8 + 13 + 2 = 25 

Hence the atomic number is 25  

(iii) Four principle quantum numbers (represented by letters: K, L, M and N).  

(iv) Sublevels with electrons are 1s, 2s, 2p, 3s, 3p, 3d  and 4s. Hence there are seven sublevels with 

electrons.  

(v) The sublevel with unpaired electrons is 3d-sublevel as illustrated below: 

[Ar] ↿⇂ ↿⇂ ↿⇂ ↿⇂ ↿⇂  ↿   

[Ar] ↿⇂ ↿⇂ ↿ ↿ ↿  ↿⇂   



 

Hence the total number of unpaired electrons is five  

(vi)The block letter, is the letter representing sublevel with highest energy which is 3d-sublevel. Hence the 

element belongs to d-block.  

Question 87 

(a)(i) Bohr’s atomic model.   

(ii) The model viewed an electron as being placed at certain distance from nucleus; this is against 

Heisenberg uncertainty principle (one of wave mechanical atomic model) which states that, “It is impossible 

at any moment to predict simultaneously the exact position and velocity of an electron in an atom”.  

(b) First example: Electronic configuration of Cr (Atomic number = 24) 

In accordance to Aufbau principle, the electronic configuration of Cr was expected to be; 

 

However due to stability of half-filled orbitals electronic configuration, the practical electronic 

configuration of Cr is; 

 

Second example: Electronic configuration of Cu (Atomic number = 29)  

In accordance to Aufbau principle, the electronic configuration of Cu was expected to be: 

However due to stability of completely filled orbitals electronic 

configuration, the practical electronic configuration is; 

 

 (d) Using ∆E = nhf 

But f =
c

λ
 

Then ∆E =
nhc

λ
 

But from Rydberg equation: 
1

λ
= RH (

1

n1
2 −

1

n2
2)  

Thus; ∆E = nhcRH (
1

n1
2 −

1

n2
2)  

Since 1g of hydrogen atoms is equivalent to one mole of hydrogen atoms which by definition of mole, it 

represents 6.02 × 1023 atoms, n = 6.02 × 1023 

Also by giving line of lowest energy in visible spectrum means that n1 = 2   and   n2 = 3.   



Thence substituting; 

∆E = 6.02 × 1023 × 6.626 × 10−34Js × 3 × 108ms−1 × 1.097 × 107m−1 × (
1

22
−

1

32
) 

      = 182324J = 182.324kJ  

Hence the energy emitted was 182.324kJ  

 

 

Question 88 

(a)  

(i) Nuclide is a nucleus of a particular atom characterized by a defined atomic number and mass 

number. 

(ii) Isotones are atoms of different elements with different atomic numbers but the same neutron 

number. 

(iii) Isotopes are atoms of the same element with the same atomic number but differ in their mass 

number. 

(b)  

First information: 

If two electrons occupy the same orbital, the electrons must have the opposite spin. This because, if two 

electrons are in the same orbital, have the same first three quantum numbers (n, l and ml); so they must spin 

in opposite direction in order to have different fourth quantum numbers (ms)     

 

Second information: 

Maximum number of electrons in an orbital is two. This because, there are only two directions of spinning 

and therefore only two values for ms. Having more than two electrons in an orbital would make more than 

one electron to have the same value of ms and hence all four quantum numbers would be the same.  

Question 89 

(a)  
(i) Atom is the smallest individual particle of an element that can be take part in the chemical reaction.    

(ii) Element is the substance which cannot, by any known chemical process, be split up into two or 

more simpler substances.  

(b) An element is made of one type of atoms. Thus atom is the smallest amount of an element.   

 

Question 90 

(a)  
(i) Are levels used to describe electrons at their stationary states.  

(ii) Is the frequency spectrum of separate lines with very little or no grouping at all which are formed during 

transition of electrons between quantized energy levels within an atom. 

(iii) Is an instrument which measures masses and relative concentrations of atoms or molecules.  

(b)  
(i)  



 

(ii) With two isotopes, bromine can form three different diatomic molecules (Br2) as follows: 

Br79 − Br79  with peak at 158 (M1 = 158, I1 = 6) 

Br79 − Br81  with peak at 160 (M2 = 160, I2 = 1) 

Br81 − Br81  with peak at 162 (M3 = 162, I3 = 5) 

Then average molecular mass, Mr =
M1I1+M2I2+M3I3

I1+I2+I3
  

                                                     =
(158×6)+(160×1)+(162×5)

6+5+1
 a.m.u= 159.83 a.m.u  

But since the bromine molecule is diatomic; 

Average atomic mass =
Average molecular mass

2
   

=
159.83

2
a. m. u = 79.915 a. m. u 

Hence the average atomic mass is 79.915 a. m. u   

(iii) Because it is weighted average of mass number of Br79  and Br81  isotopes. 

(iv) Let the relative abundance of Br79  be y% 

Then that of Br81  will be (100-y)% 

Then using Ar =
A1P1+A2P2

100
   

Substituting 79.915 =
79y+81(100−y)

100
   

From which y = 54.25  and 100 − y = 45.75 

Hence the relative abundance is 54.25%  for Br79    and 45.75%   for  Br81   

Question 91 

(a)  
(i) Radiant energy is emitted or absorbed in small packets as quanta. 

(ii) It is not passible at any moment to predict accurately both position and momentum of an electron 

in an atom simultaneously. 

(iii)  

1. It does not explain the spectrum of multi-electron atoms. 

2. It does not explain the relative intensity of spectral lines. 

3. It does not explain why covalent bonding makes a molecule stable.  



4. It viewed an electron as placed at certain fixed distance from nucleus which is against Heisenberg’s 

uncertainty principle. 

5. No clear justification was given for the quantization of angular momentum of electron and presence 

of stationary states.  

6. It suggested that electron move in circular orbit in two dimensions which is against quantum 

mechanical atomic model which suggests that the motion is in three dimensions on the elliptical 

path. 

7. It does not explain presence of hyperfine spectral lines.  

8. It does not explain Zeeman and Stark effect.  

(b)  

(i) Is the energy required to remove completely the most loosely bound electron each from one mole of 

gaseous atom or ion at given conditions of temperature and pressure. It is the measure of strength of 

nuclear attractive force in an atom. 

(ii) When electron jump from one energy level to another, the energy change (∆E) is given by: 

∆E = hf =
hc

λ
  (f =

c

λ
)  

But from Rydberg equation; 

1

λ
= RH (

1

n1
2 −

1

n2
2)  

Then ∆E = hcRH (
1

n1
2 −

1

n2
2)  

When an electron is ionised in hydrogen atom, the electron jumps from n = 1   to infinity (convergence 

limit where n = ∞). 

Thus n1 = 1   and n2 = ∞    

Substituting:  

∆E = 6.626 × 10−34 × 3 × 108 × 1.097 × 107 (
1

12
−

1

∞2
) 

= 2.1806 × 10−18J/electron  

But from the definition of ionisation energy, it must be per mole of electrons 

And 1 mol of e− ≡ 6.02 × 1023electron/mol  

Thus the ionisation energy 

= 2.1806 × 10−18J/electron × 6.02 × 1023electron/mol   

1312721.2J/mol = 1312.7212kJ/mol  

The ionisation energy of hydrogen is 1312.7212kJ/mol.  

Question 92 

(a)  

(i) This is because the model suggested that the atom to be full of some positive fluid like a pudding 

in which electrons were embedded like plums on that pudding.  

(ii) According to Thomson; “An atom possesses a spherical shape in which the positive charge is 

uniformly distributed with electrons embedded over it”  

 



 

(iii)  

Advantages: 

1. It explains satisfactorily how heating a substance starts radiating light. 

2. It explains neutral character of an atom. 

Disadvantages: 

1. It does not explain the stability of an atom.  

2. It is not supported by Rutherford’s ∝ − scattering experiment.  

(b)  

(i) If electrons were transferred to the plastic, the plastic has extra electrons and becomes negative, 

since electrons are negative. If my fingers lost electrons, they would have more protons than 

electrons and become positive. Positive and negative attract.  

(ii) Since the balloon has extra electrons from being rubbed on your hair, the balloon is negatively 

charged. When you bring it over to the wall, the negative balloon repels the negative electrons in 

the wall and leaves an area of positive charge. The negative balloon is then attracted to the positive 

wall.  

Question 93 

(a)  
(i) Is a particular arrangement of electrons in different orbitals of an atom. 

(ii) Is the energy sublevel in which electron is placed and specifies the shape of an orbital of an electron.  

(iii) Is the splitting of a spectral line of atoms or molecules subjected to the electric field. 

(iv) Are levels used to describe electrons at their stationary states. 

(b)  

(i) 2  

(ii) 0  

(iii)n = 3, l = 0, m = 0, s = +
1

2
  

(iv) 2 

(v) l = 2, ml = −2, −1,0, +1, +2  

(c)  

(i) Using; Ar =
A1P1+A2P2

P1+P2
 

Substituting; Ar =
(14×95.12)+(15×4.88)

100
= 14.05  

The relative atomic mas of nitrogen is 14.05 

(ii)   

A. Different mass-charge (m
z⁄ )ratio   

B. Change in the amount of magnetic field  



(iii) No difference  
Explanation  

Since the two isotopes have the same number of electrons and hence the same electronic configuration, no 

difference will be observed in their chemical reactions. 

Question 94 

(a)  
(i) In the ground state, electrons tend to occupy the orbital with minimum energy. 

(ii) No two electrons in the same atom can have the same all four quantum numbers. 

(iii) Electrons are not allowed to pair up unless the empty degenerate orbitals are singly occupied with 

parallel spins electrons.  

(iv) For d and f orbitals the full or half full configurations in the sub –shells are very stable configuration 

with minimum energy content.  

(b) Energy of one photon is given by the following Planck’s equation; E = hf =
hc

λ
 

Substituting E =
6.63×10−34J×3×108m/s

987×10−9m
= 2.0152 × 10−19J/photon 

But total energy emitted in 32sec = 0.52J 

And the total energy=Energy per photon×Number of photons 

Thus Number of photons emitted (in 32s) 

                                =
Total energy

Energy per photon
=

0.52J

2.0152×10−19J/photon
= 2.58 × 1018 photons 

And number of photons emitted per second 

                                =
Total number of photons emitted

Time taken
=

2.58×1018 photons

32sec
 

                                 = 8.0625 × 1016photon/sec 

Hence 8.0625 × 1016 photons were emitted in one second. 

(c)  

(i) Disagree  

Reason: 

Due to isotopy, it is possible for atoms of the same element to have different number of neutrons.  

(ii) Agree  

Reason: 

Atoms of the same element may have different number of neutrons and hence different atomic masses. 

Question 95 

(a)  

(i)  

1. Matter is made up of very small indivisible particles called atoms. 

2. Atoms can neither be created nor destroyed. 

3. Atoms of the same element are all alike but differ from the atoms of all other elements. 

4. Chemical combination takes place between small whole numbers of atoms.  

(ii) Different atoms have different atomic number and hence different number of electrons. Different 

number of electrons means different electronic configuration and therefore different chemical 

properties. 

(b)  



s/n Number 

of 

neutrons 

Number 

of 

electrons 

Atomic 

number 

Mass 

number 

Symbol Electronic configuration 

(i)  13 11 11 24 X11
24  1s22s22p63s1 

(ii)  7 8 8 15 X8
15  1s22s22p4 

(iii)  17 18 18 35 X18
35  1s22s22p63s23p6 

(iv)  16 16 16 32 X16
32  1s22s22p63s23p4 

(c) From Plank’s equation 

E = hf =
hc

λ
  

But from Rydberg equation: 

1

λ
= RH (

1

n1
2 −

1

n2
2)  

Thus E = hcRH (
1

n1
2 −

1

n2
2) 

In removing an electron from hydrogen in ground state, the electron move from n = 1 to n = ∞. 

Thus, n1 = 1 and n2 = ∞ 

Substituting: 

E = 6.63 × 10−34Js × 3 × 108m/s × 1.09678 × 107 × m−1 (
1

12 −
1

∞2)  

= 2.18 × 10−18J  

The minimum energy required is 2.18 × 10−18J 

Question 96 

(a)  
(v) In the ground state, electrons tend to occupy the orbital with minimum energy. 

(vi) No two electrons in the same atom can have the same all four quantum numbers. 

(vii) Electrons are not allowed to pair up unless the empty degenerate orbitals are singly occupied with 

parallel spins electrons.  

(viii) For d and f orbitals the full or half full configurations in the sub –shells are very stable configuration 

with minimum energy content.  

(b) From the Heisenberg’s equation; 

∆x × m∆v ≈
h

4π
 

Rearranging the above equation gives; 

∆x ≈
h

4π × mΔv
 

From which it can be deduced that the uncertainty in determining position (Δx) of an object of mass, m, 

varies inversely proportional to the uncertainty in the determination of velocity (Δv) of the object.  

That means if the velocity of the object is determined with more accuracy then its position will determined 

with less accuracy as suggested in Heisenberg uncertainty principle. 

(c) Using; Z = A − Number of neutrons 



Atomic number of x = 35 − 18 = 17 = Atomic number  

For neutral atom; atomic number = number of electrons 

Thus number of electrons in Y is 17  

Using Number of neutrons = A – Z 

Number of neutrons in Y = 37 – 17 = 20 

Thus number of neutrons in Y is 20  

(d) Energy of one photon is given by the following Planck’s equation; E = hf =
hc

λ
 

Substituting E =
6.63×10−34J×3×108m/s

987×10−9m
= 2.0152 × 10−19J/photon 

But total energy emitted in 32sec = 0.52J 

And the total energy=Energy per photon×Number of photons 

Thus Number of photons emitted (in 32s) 

                                =
Total energy

Energy per photon
=

0.52J

2.0152×10−19J/photon
= 2.58 × 1018 photons 

And number of photons emitted per second 

                                =
Total number of photons emitted

Time taken
=

2.58×1018 photons

32sec
 

                                 = 8.0625 × 1016photon/sec 

Hence 8.0625 × 1016 photons were emitted in one second. 

(e)  

(iii) Disagree  

Reason: 

Due to isotopy, it is possible for atoms of the same element to have different number of neutrons. 

(iv) Agree  

Reason: 

Atoms of the same element may have different number of neutrons and hence different atomic masses. 

                                  

 


