
THE ATOM

The atom BACKGROUND 1

Model:A nucleus: a dense central area made up of

• protons: p+

• neutrons: n⁰

A cloud of electrons around the nucleus:  e–
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CHEM 1101 lecture will start on slide 13; slides 1-12 are for background.
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protons: p+

neutrons: n⁰
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IT IS THE NUMBER OF PROTONS IN THE NUCLEUS THAT 

DETERMINES WHAT KIND OF ATOM WE HAVE – WHAT 

ELEMENT IT IS.
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ATOMIC NUMBER: Symbol   Z

• the number of protons in the nucleus

PERIODIC TABLE: An organized list of all known elements, 
arranged in order of atomic number

• element names
• behaviour

Z

SYMBOL
name

average mass CHEM 1101 -
BACKGROUND



IT IS THE NUMBER OF PROTONS IN THE NUCLEUS THAT 
DETERMINES WHAT KIND OF ATOM WE HAVE – WHAT ELEMENT
IT IS.
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ATOMIC NUMBER: The atomic number is all you need to 

define the element

8

O
oxygen

15.999

Every element with Z = 8 is oxygen.  
There are NO EXEPTIONS.

Every atom of oxygen has Z = 8.  There 
are NO EXEPTIONS.
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ATOM:  by definition is electrically neutral (sure we can charge 
them, but they’re not called atoms anymore!)
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The protons are positively charged and the electrons are 

negatively charged (the neutrons are neutral)

so…there must be an equal number of protons (in the nucleus) 

and electrons (around it).

1

H
hydrogen

1.0079

Z is defined as the number of protons, 

but for an atom (neutral, by def’n) it is 

also the number of electrons.
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ATOM:  by definition is electrically neutral (sure we can charge 
them, but they’re not called atoms anymore!)
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26

Fe
iron

55.845

how many electrons are there in an 
atom of iron?
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http://www.webelements.com/nexus/sites/de
fault/files/webelements_table_5sf_2012-06-
07.pdf
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All atoms of a particular element have the same number of 
protons in the nucleus (Z).

Not all elements of a particular element have the same number 
of neutrons in the nucleus.
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7

N
nitrogen

14.007

MASS NUMBER: Symbol   A

• the total number of protons and neutrons in the nucleus

A = (p+ + n⁰)

ISOTOPES:   Atoms of the same 

element (same Z) with different 

masses (different A)
CHEM 1101 -
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6

C
carbon

12.011

ISOTOPES:   Atoms of the same element (same Z) with different 

masses (different A)

There are three isotopes of carbon found naturally, but only two 

are found in any significant amount:

C with 6 neutrons A = 

C with 7 neutrons A = 

Full atomic symbol:

XA

Z
CHEM 1101 -
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6

C
carbon

12.011

ISOTOPES:   Atoms of the same element (same Z) with different 

masses (different A)

Full atomic symbol:

XA

Z

• Full atomic symbol for carbon with 
6 neutrons:

• can be written:
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Studying the arrangement of the electrons in an atom – using 

ELECTROMAGNETIC RADIATION – EMR 

EMR:  Light and both the lower energy and higher energy non-
visible parts of the spectrum

> 1m 1 mm 10–12m10–8m10–7m 10–11m

CHEM 1101 -
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Particle model of EMR 

NOTE:  To model EMR as waves or particles is an oversimplification, 
but for our purposes in studying the atom, thinking of EMR as made 
up of particles describes the phenomena relatively well, so we do it!

Photons:  “Particle” of light, whose energy depends on the 
frequency or wavelength of the radiation.

If there is only one wavelength present all photons will 
have the same energy.

E = 

CHEM 1101 
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Particle model of EMR 

If there is only one wavelength present all photons will have the 
same energy.

E = 
6.626 x  10–34 J ∙ s (measured)

3.00 x  108 m/s  (measured)

CHEM 1101 
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Studying the Atom, Using EMR:

Photons may interact with the electrons of atoms, depending on 
their energy.

For a gas phase hydrogen atom – the photons in the visible range 
that interact are:

• 410 nm (violet)

• 434 nm (indigo)

• 486 nm (blue)

• 656 nm (red-orange)

E = 

CHEM 1101 
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Studying the Atom, Using EMR:

Photons may interact with the electrons of atoms, depending on 
their energy.

The nuclear model of the atom was already known, but this 
observation led to the idea of electrons having:

• Certain specific allowed energy states
• The ability to: * Absorb energy to move to higher states

* Release energy to fall to lower states

E = 

CHEM 1101 
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Studying the Atom, Using EMR:

• Certain specific allowed energy states
• The ability to: Absorb energy to move to higher states

Release energy to fall to lower states

E = 

1

7

3
2

Note:  the modern picture 
is much more complex.

This is a starting point for 
that, no more.

As a model, however, it 
works to predict energy 
levels.

Two-dimensional cut-away of a 
three-dimensional picture.
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Studying the Atom, Using EMR:

CHEM 1101 
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Each successive level is closer to the one 
before.  The difference between the 
energy of levels 1 and 2 is more than five 
times larger than the difference between 
levels 2 and 3…
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Studying the Atom, Using EMR:  Rydberg Equation:

• Certain specific allowed energy states
• The ability to: Absorb energy to move to higher states

Release energy to fall to lower states

E = 

1

7

3
2

The energy gap between the energy levels in a hydrogen 
atom can be described by an equation:

Egap = RH (1/ni
2 – 1/nf

2)

RH : Rydberg constant (measured)

2.18 x 10–18 J
ni: electron’s initial level
nf: electron’s final level

CHEM 1101 

Note: you can relate the initial and final levels 
to wavelength (1/λ) and/or frequency (ν) as 
well as energy; you just use a different 
constant.
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Studying the Atom, Using EMR:  Rydberg Equation:

• Certain specific allowed energy states
• The ability to: Absorb energy to move to higher states

Release energy to fall to lower states

E = 

1

7

3
2 Egap = RH (1/ni

2 – 1/nf
2)

When the energy is positive, the 
photon is being absorbed by the atom.

When it is negative, the photon is being 
emitted (released) by the atom.

Ephoton = RH (1/ni
2 – 1/nf

2)

Since the energy of the photon involved must be 
equal to the energy of the gap, this can also be 
written:

CHEM 1101 
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Studying the Atom, Using EMR:  Rydberg Equation: E = 

1

7

3
2

E = RH (1/ni
2 – 1/nf

2)

Calculate the energy required for a photon to 
promote an electron from the second to the 
fourth energy level in hydrogen:

RH : 2.18 x 10–18 J

CHEM 1101 

4.09 x 10-19 J
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Studying the Atom, Using EMR:  Rydberg Equation:

E = 

1

7

3
2

E = RH (1/ni
2 – 1/nf

2)

What will be the wavelength of the photon in 
nanometers?

RH : 2.18 x 10–18 J

6.626 x  10–34 J ∙ s

3.00 x  108 m/s

CHEM 1101 

4.86 x 10-7 m
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Studying the Atom, Using EMR:  Atoms other than hydrogen:

CHEM 1101 

Every atom has a characteristic emission/absorption spectrum.

Hydrogen is only unique in that we can build a mathematical 
equation to describe all of the emission levels.

For other atoms, we have not found a single relationship that 
describes the energy gaps.



The atom (2) – EMR as a probe 25

Studying the Atom, Using EMR:  Atoms other than hydrogen:

CHEM 1101 
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Photoelectric Effect:

When a beam of photons of sufficient energy strikes a collection 
of atoms of any element, electrons are emitted from the atoms.

From a chemical point of view:

• Take a gas-phase sample of an element

• shine EMR of relatively low energy into it

• increase the energy of the photons gradually

• note the point where electrons just start to appear

E = 

CHEM 1101 
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Photoelectric Effect:

• Take a gas-phase sample of an element

• shine EMR of relatively low energy into it

• increase the energy of the photons gradually

• note the point where electrons just start to appear

E = 

What useful knowledge about the atom can this give you?

CHEM 1101 
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Photoelectric Effect:

The photoelectric effect involves the collision of ONE photon 

with ONE electron.

• If you want to remove electrons from a dozen atoms – you’ll 

need a dozen photons

• if you want to remove electrons from a  mole of atoms –

you’ll need a mole of photons

E = 

CHEM 1101 
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Photoelectric Effect:
You find that EMR of wavelength of 155.8 nm is just 
sufficient to ionize silicon. 

a) What is the ionization of a silicon atom?

b) What is the ionization energy of silicon, in kJ/mol?

E = 

CHEM 1101 

1.28 x 10-18 J
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Photoelectric Effect:
155.8 nm

E = 

CHEM 1101 

768 kJ/mol 
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Photoelectric Effect – Work Function:

When a beam of photons of sufficient energy strikes a collection of 
atoms of any element, electrons are emitted from the atoms.

If a beam of photons strike a solid surface:

Work Function:  The minimum energy required to remove an 
electron from a solid surface.

If you deliver this energy using photons, then if the incident 
photons have more energy than the work function of the material, 
the excess energy will be converted into kinetic energy of the 
ejected electrons. (Possible when the electron leaves the atom, but not when it 
moves from one state to another within an atom!)

(note:  Ephoton = W + K.E. is “not an equation”. It’s the definition of conservation 
of energy!  It will not be “given”.)

E = 

CHEM 1101 
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Photoelectric Effect – work function:

The work function of gallium metal is 417 kJ/mol. 

a) What is the maximum wavelength of electromagnetic 

radiation that will cause electrons to be ejected from the 

surface of gallium metal?

b) If you use EMR of wavelength 225 nm, how much kinetic 

energy will the ejected electrons have?

E = 

CHEM 1101 
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Photoelectric Effect – work function:
The work function of gallium metal is 417 kJ/mol. 

a) What is the maximum wavelength of electromagnetic radiation that 

will cause electrons to be ejected from the surface of gallium metal?

E = 

CHEM 1101 

6.9246097 x 10-19

287
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Photoelectric Effect – work function:

The work function of gallium metal is 417 kJ/mol. 

b) If you use EMR of wavelength 225 nm, how much kinetic energy will the 

ejected electrons have?

E = 

CHEM 1101 

8.8346666 x 10-19

1.9100569  x 10-19
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Photoelectric Effect – work function:

The work function of gallium metal is 417 kJ/mol. 

bonus: How fast will the electrons be moving (assume they’re in a vacuum and 

not interacting)?

E = 

CHEM 1101 

KE = 1.9100569  x 10-19

647 593.822 m/s

me = 9.109 x 10-31 kg


