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Q1) What is an atom made out of? 

A1) An atom has: 

- A positively charged nucleus 

- Electrons (negative) orbit the nucleus  

- It is electrically neutral 

 

Particle Relative Mass Relative charge Where 

 

Proton 

 

               1 

 

               +1 

 

     In the nucleus  

 

Neutron 

               

               1 

 

                0 

 

     In the nucleus  

 

Electron 

 

             1/1840 

 

               -1 

 

    In the subshell 

 

Q2) Define atomic number. 

A2) The number of protons and electrons in an atom. 

 

Q3) Define Mass number.  

A3) The number of protons and neutrons in the nucleus of an atom. 

 

Q4) Define an isotope. 

A4) -    Atoms of the same element, with the same number/equal number of protons and electrons, 

but different numbers of neutron. 

- Isotopes have similar chemical properties because they have same number od electrons in 

their outer shells. 

 

Q5) What are examples of different isotopes? 

A5) Isotopes of carbon: 

 
12C, 13C, 14C*  

*Note that 14C is radioactive. 

 

- 14C is a beta particle emitted with ah half-life of around 5600 years. 

- 14C is used to estimate the age of: 

1) Meteorites  

2) Mummies 

 



 

 

Q6) What is mass spectrometry? 

A6) This is an analytical technique, which is used for determining:  

1) The Mr of molecules 

2) The relative isotopic pattern of isotopes of the element 

3) Planetary space probes 

 

 

Q7) What is the vaporisation chamber? 

A7) The sample is injected into the vaporisation chamber using a hypodermic (flat) Syringe. The 

sample turns into a gas.  

 

Q8) What are the 4 main processes? 

A8) 

- Ionisation 

- Acceleration 

- Ion drift (also called deflection) 

- Detection 

 

Q9) What happens during ionisation? 

A9) The gaseous atoms of the sample are bombarded with high speed/high energy electrons created 

by the electron gun. This knocks an electron from the outer shell. 



- M(g) →M+
(g) + e- 

Q10) What happens during acceleration? 

A10) -When the gaseous H+ ions enter the electric field created by the negatively charged metal 

plates, they are accelerated at high speeds. 

-  The kinetic energy of both ions is the same, but their speeds are different because of their 

different masses. 

- E.g.: 52Cr+ ion is lighter than 54Cr+, and therefore will travel faster.  

 

Q11) What happens during Ion drift? 

A11) When the gaseous H+ ions enter the magnetic field created by the electromagnets. 

- They have drifted, according to their mass and charge. 

- The lighter the ion, the more they are drifted. 

- The greater the nuclear charge of the gaseous ion, the more they are drifted. 

E.g.: *insert screenshot of work* 

 

1) The gaseous “M” atoms are not charged, so they are not drifted. 

2) The lighter M+ gaseous ions are drifted upwards. 

3) The heavier M+ gaseous ions are drifted downwards. 

 

Q12) What happens during detection? 

A12) When the ions hit the detector, they generate a small current.  

- The current is directly proportional to the percentage of abundance of the isotope.  

- The gaseous M+ ions hains electrons, and this allows the current to flow, thus allowing a 

complete circuit. 

- M+
(g)

 + e- → M(g)  

 

Q13) Why does the mass spectrometer need to be under vacuum? 

A13) This is to avoid the gaseous H+ gaseous ions colliding with air molecules, which will slow them 

down. 

 

Q14) Why does the gaseous H atoms need to be charged? 

A14)1) So it can be accelerated by the negatively charged electric field. 

        2)  Drifted in the magnetic field.  

 

Q15) What 2 measurements are taken by a mass spectrometer? 

A15) -Mass of ion 

         -Charge of ion 



 

Q16) What are the 2 types of mass spectrometry techniques? 

A16) - Electron Impact 

         - Electrospray 

 

Q17) What is electron impact? 

A17) - It is a harsh technique suitable for small and stable molecules 

- The gaseous molecules are bombarded with high-speed electrons, produced by an electron 

gun. 

- It is suitable for: 

Chlorine, Bromine, Ethanol, Ethane, Propane 

- M(g) → M+
(g) +e- 

 

Q18) What is electrospray?  

A18) 

- It is less harsh. 

- Suitable for large, biomolecules, with weak H-bonds, such as: 

DNA, RNA, proteins, polypeptides, Enzymes. 

 

Q19) What are the steps for Electrospray? 

A19) 

1) Dissolve sample in a volatile solvent. 

2) Using a hypodermic needle, inject sample into the mass spectrometer. 

3) A high voltage is applied, across a solvent to create an aerosol. 

4) The gaseous atoms of the sample fain a proton (H+). 

- M(g) +H+ → MH+
(g) +e- 

 

Q20) What does a typical ES spectrum look like? 

A20) 

 



 

 

 

 

Time of flight 

Equations:   𝑡 = ⅆ
√𝑚

2𝑘ⅇ
  and   𝐾ⅇ =

1

2
𝑚𝑣2 

79Br and 81Br  

The ions are accelerated through a flight tube of length 0.950m 

79Br+ took 6.69x10-4s to travel. 

A) 1/6.022x1023 x79g = 1.3118x10-22 

       1.3118x10-22/1000 = 1.312x10-25 kg 

B)   t/d = 
√𝑚

2𝑘ⅇ
    

     (t/d)2=m/2Ke   

           Ke= m/(t/d)2 = 1.312x10-23 / ((6.69x10-4/0.950)2 /2) 

            = 1.32281x10-19 J 

              1/6.022x1023 x81g = 1.345068x10-22 

       1.345068x10-22/1000 = 1.345x10-25 kg 

       t/d = 
√𝑚

2𝑘ⅇ
   = 0.950x sqr (1.345x10-25/ (2x1.321x10-19)) = 6.78x10-4 s 

 

2)  

          A) 𝑡 = ⅆ
√𝑚

2𝑘ⅇ
      

               
𝑡

𝑑
= √

𝑚

2𝑘ⅇ
  

              (
𝑡

𝑑
)
2

=
𝑚

2𝑘ⅇ
 

                𝑚 = (
𝑡

𝑑
)
2

× 2𝐾ⅇ 

          𝑚 = (
4.654×10−6

0.96
)
2

× (2 × (2.438 × 10−15)) 

            = 1.145x10-22  

            1.145x10-22/1000 = 1.145x10-22 Kg 

            1.145 × 10−22 × 6.022 × 1023 = 69 = Mr (rounded to the nearest whole) 

 



 

 

Electron configuration 

Q21) What is an atomic orbital? 

A21) This is the region inside an atom where there is a high probability of finding an electron. 

- S-orbital: 

 

          Spherically symmetrical and holds a maximum of 2 electrons.  

                                                               Arrow pointing up – parallel spin  

                                                      Arrow pointing down – antiparallel spin  

- P-orbital: 

Dumbbell shape and has a maximum of 6 electrons. 

 

 
 

- D-orbital: 

Leaf clover shape and has a maximum of 10 electrons.  

 
 

2p4 – The 2 represents the sub-shell/energy level. 

          The p represents the type of atomic orbital. 

          The 4 represents the number of electrons in that orbital.  

 

 

 

 

 

 

 

 

 



 

 

 

Q22) What is the Aufbau principle?  

A22) The Aufbau principle states that the energy of the atomic orbitals increases as you go across the 

period, as they are filled up with electrons. 

 
 

- A half-filled or completely filled sub-shell of electrons represents a stable electronic 

configuration for the atom or ion. 

 

Q23) What is the electronic configuration of ions? 

A23) 

- S-2 = 1s2 2s2 2p6 3s2 3p6 

- Br- = 1s2 2s2 2p6 3s2 3p6 3d10 4s2 4p6 

There is an exception to the rule: 

- Cr = [Ar] 3d5 4s1 

One of the electrons from the 4s orbital transfers into the 3d orbital to make it half filled. 

This represents a stable electronic configuration for chromium.  

Cr= 1s2 2s2 2p6 3s2 3p6 3d5 4s1 

 

- Cu = [Ar] 3d10 4s1 

One of the electrons from the 4s orbital transfers into the 3dorbital to make it completely 

filled. This represents a stable electronic configuration for the cooper. 

 

- Iron has 2 stable oxidation states: 

1) Fe2+ 

2) Fe3+  

 

- The Fe3+ is the more stable electronic oxidation state of iron compared to Fe2+.  

Fe2+ = [Ar] 3d6 

Fe3+ = [Ar] 3d5 

 

- Fe3+ has a half-filled 3d sub=shell of electrons. This represents a stable electronic 

configuration for Fe3+. 



 

 

Q24) What is the 1st ionisation energy? 

A24) This is the energy needed to remove 1 mole of electrons from 1 mole of gaseous atoms, forming 

1 mole of single positively charged gaseous ions, under standard conditions (289K, 100 kPa). 

 

◼ Energy required to remove 1 mole of e- from 1 mole of gaseous atoms 

◼ Under standard conditions 

5th IE. Of Mg: 

Mg4+
(g) → Mg5+

(g) + e- 

 

Q25) What are the trends in IE across a period? 

A25) They increase across a period. This is because:  

- Electrons are added into the same sub-shell 

- Shielding remains constant 

- Nuclear charge increases 

- The outer electrons are closer to the nucleus and are more strongly held by electrostatic 

forces of attraction, thus more energy is needed to remove the outer electrons 

 

Q26) What is the trend in IE down a period? 

A26) They decrease across down a period. This is because: 

- Electrons have been added into different sub-shells. 

- The shielding and number of sub-shells increases 

- The outer electrons are further away from the nucleus and are weakly held which means that 

less energy I needed to remove the outer electrons. 

 

Q27) How do we predict the element/group of an element from successive ionisation energy? 

A27) 

         1         2            3        4        5        6        7  

I.E 

(KJ/mol) 

826 1020 1300 1600 5200 6800 7900 

 

*Very big difference between 4 and 5, therefore was a change in group. 

 

                                           


