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Understandings: 

1. Explain what emission spectra is and that they are produced as photons are emitted 

from atoms when excited electrons return to a lower energy level. 

- Emission spectra works in a simple way. Imagine an atom has different level of shells where 

electron can orbit around (although this is a simplification). When electron gains energy, it 

gets excited and moves up a shell, but electrons want to be in ground state. So the energy 

gained is released as electron moves down a shell. That energy is a photon.  

To calculate the energy 

emitted, we use this 

equation.  

Eelectron = Ephoton  

Ephoton = h*f 

Eelectron = h*f 

 

 

 

 

 

 

Extra notes 

- Know that all electromagnetic waves have same speed, c, which is speed of light, but can 

vary in wavelengths.  

C = λ*f 

λ = meter/oscillation 

f = oscillation/second 
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2. State that line emission spectrum of hydrogen provides evidence for the existence of 

electrons in discrete energy levels, which converge at higher energies. 

- So Bohr experimented with hydrogen by giving it a lot of energy that it can absorb and then 

release back.  

The result was that the atom gave out specific wavelengths. This indicated that there are no 

energy levels in between where electrons could be in, hence lead to the concept of energy 

levels.  

The energy levels also converge as it moves up. The reason is very simple. To move from n=1 

to n=2, we need a lot of energy since it is close to the protons. To move from n=2 to n=3, we 

need less and so on. So the further away you go, less energy will be needed to move the 

electron hence the energy levels converge.  

3. Explain that the main energy level or shell is given an integer number, n, and can hold a 

maximum total number of electrons, 2n2. 

- So we denote the shell as n and the power representing number of electrons that can fit.  

REMEMBER THIS! Number of electrons in a particular energy level = 2n2 

This means that in n=4 (4s+4p+4d+4f), there can be in total of 2*42 = 32 electrons. In terms 

of orbitals, it is 16 because a pair of electrons exist in one orbital.   

4. Explain a more detailed model of the atom that describes the division of the main 

energy level into s, p, d and f sub-levels of successively higher energies. 

- Although Bohr succeeded explaining using hydrogen atoms, his theory did not support the 

more complex atoms with more than 1 electron. Schrödinger, using Heisenberg’s Uncertainty 

principle, created a model that shows the probability cloud called orbitals. Electron should 

be found in that area with about 90% certainty.  

This led to orbitals s, p, d and f.  
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5. Explain that sub-levels contain a fixed number of orbitals, regions of space where there 

is a high probability of finding an electron. 

- Here is a table showing all included orbitals in each shell.  

We call these groupings blocks. They represent the location of the last filled electron. So 

element Ga’s last electron was filled in block 4p. Cr’s last electron was filled in 3d. However, it 

is extremely important to distinguish this between the valence electron. Valence electron is 

always the electrons at higher energy shells. So Cr will have its electron in 4s reacting, 

although electron in 3d has more energy.  

6. Explain that each orbital has a defined energy state for a given electronic configuration 

and chemical environment and can hold two electrons of opposite spin. 

- Remember that electrons repel each other and can be maximum in pairs but only by going 

in opposite “spins” or direction of rotation. All orbitals have also different energy, but there 

are some unintuitive or at least confusing explanations for this.  

When the electrons are filled, we use the Aufbau law, which states that lowest energy 

electrons get filled first. So it is filled in the order of 1s2 2s2 2p6 etc. However after we have 

filled 4s, we start to fill 3d because 3d has the highest energy! What? Although 3d is filled 

last, 4s is the ones leaving because the electrons are in highest shell (not highest energy). It is 

not correct to say highest “energy”. 4s are in a higher energy level than 3d, but not the actual 

energy.  
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Applications and skills: 

1. Be able to describe the relationship between colour, wavelength, frequency and energy 

across the electromagnetic spectrum. 

- You know this already.  

 

2. Be able to distinguish between a continuous spectrum and a line spectrum. 

- Continuous spectrum shows all the wavelengths while line spectrum only shows specific 

wavelengths. 
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3. Be able to describe the emission spectrum of the hydrogen atom, including the 

relationships between the lines and energy transitions to the first, second and third energy 

levels. 

- When the electrons move down to certain energy levels, they emit different family of 

wavelengths. You don’t need to know the names for the new syllabus.  

Lyman series give off UV light 

because it comes down all the way to 

n=1 hence a lot of energy is released.  

Balmer series give off visible light, 

with the shorter transitions down to 

n=2, hence lower energy that Lyman 

series.  

Paschen series give off infrared. 

These travel only down to n=3, thus 

not much energy is released.  

 

 

 

 

 

4. Be able to recognize the shape of an s atomic orbital and the px, py and pz atomic 

orbitals. 

- S orbital is a sphere. P orbitals are dumbbell shaped, where x y and z indicates the plane 

they lie on.   

D orbitals are not needed to be known but here is a picture of it anyways.  
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5. Be able to use the Aufbau principle, Hund’s rule and the Pauli Exclusion Principle to 

write electron configurations for atoms and ions up to Z = 36. 

- Aufbau principle states that electrons are placed into orbitals of lowest energy first.  

 

 

 

 

 

 

 

 

Hund’s third rule states that electrons exist in pairs, but would like to have its own orbital if it 

can to minimize repulsion.  

 

 

 

 

 

 

Pauli Exclusion Principle states that electrons must exist in opposite spins if they are in a pair!  

TOK: 

1. Heisenberg’s Uncertainty Principle states that there is a theoretical limit to the precision 

with which we can know the momentum and the position of a particle. What are the 

implications of this for the limits of human knowledge? 

2. “One aim of the physical sciences has been to give an exact picture of the material world. 

One achievement ... has been to prove that this aim is unattainable.” —Jacob Bronowski. 

What are the implications of this claim for the aspirations of natural sciences in particular 

and for knowledge in general? 


