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ATOMIC STRUCTURE

© 2006, Miroslav Rezac

The atomic theory of ancient Greece was “resuscitated” by John Dalton in the 1800’s. His theory can be summarized as follows: 

· atoms are indivisible

· atoms of the same element are identical (mass, size, properties)
· atoms of different elements are different
· atoms of elements combine in distinct, defined ratios to form compounds
ELECTROMAGNETIC RADIATION (EMR)
Before we can proceed any further with atomic structure, we have to clarify few issues about electrical charge and electromagnetic radiation. 

Charge is a fundamental property of matter. There are two kinds: positive and negative. Opposite charges attract, like charges repel. The magnitude of this force decreases with distance. The medium enabling this interaction is called electromagnetic field. Electromagnetic field is a property similar to speed or force: it has not only a size, but also a direction – you know from experience that it makes a very big difference whether you travel 40 mph towards or 40 mph away from your home! The measure of this imbalance, as well as a measure of the force between the two charged object is voltage. 

In universe the two charges tend to be balanced. When there is imbalance, there are regions with excess of positive charge and other regions with excess negative charge. As an example, think of a thunder cloud. The imbalance keeps growing until it becomes so large that a lightning strikes. The bolt of lightning acts as a conduit, through which the charges move and re-establishe the balance. 

[image: image1.wmf]E

n

e

r

g

y

 

c

o

m

e

s

 

i

n

 

d

i

s

c

r

e

t

e

 

q

u

a

n

t

u

m

s

.

 

T

h

e

 

h

i

g

h

e

r

 

t

h

e

 

f

r

e

q

u

e

n

c

y

,

 

t

h

e

 

l

a

r

g

e

r

 

t

h

e

 

q

u

a

n

t

u

m

.


Electromagnetic radiation is oscillation of electromagnetic field. Just like when you throw a stone into lake, these waves move at a certain speed away from its source. Electromagnetic waves move with the speed of light. 
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One of the important properties of these waves is frequency, which tells us how fast is the field changing. The picture on the left shows EMR’s of different frequencies. 

Just like waves on the lake, which is an oscillation in the height of water, EMR waves carry energy. The energy is coming as a “packet” or quantum, an amount of energy, which cannot be further partitioned. In this respect energy resembles mass, where the smallest increment of mass was the mass of an atom. Quantum could be nicknamed an “atom of energy”. However, the size of the packet depends on the frequency of the EMR carrying the energy (just like we have atoms of different masses corresponding to different elements). The higher the frequency, the bigger the quantum. Thus, the quantum of energy carried by EMR on the left (higher frequency) is larger than the size of the quantum of EMR on the right (lower frequency). While you cannot cut the quantum into anything smaller, if you need less energy, you can use lower frequency which will carry smaller “packages” of energy. 
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STRUCTURE OF AN ATOM

As demonstrated in the class, neutral atoms can be “ripped” into charged particles by high voltage. This suggests presence of electrical charge within atom. The charge is perfectly balanced, and thus the atom as whole appears neutral. As the voltage increases, the oppositely charged regions are attracted to opposite electrodes in the discharge tube and at certain point the atom “snaps”. The fragments fly towards opposite electrode and electrical current passes through. 
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J.J Thomson was the first one to discover the negative particles and called them electrons.  His first model of atom compared atom to a “chocolate chip” muffin: electrons were the raisins, evenly distributed throughout a blob of positively charged “dough”, which filled the volume of the atom. This model could explain how electric field “ripped” out electron, - just like you pick out a chocolate chip - leaving behind a positively charged “leftover” of the atom. 

Based on experiment of Rutherford (please see your textbook for a pic…) it became clear that the positive charge must be concentrated within a negligible volume (about 10,000 smaller diameter than the one of an atom!), but accounts for about 99.99% of the mass of the atom. Around this positive charge swarm of electrons is moving randomly. 

NUCLEUS OF AN ATOM is structured roughly like a raspberry, assembled of two types of particles: 


Positive PROTONS


Neutral NEUTRONS
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Both particles have roughly comparable mass, each about 2000x heavier than electron. The role of neutrons is to act as a “glue” holding protons together. Otherwise the repulsion between like charges of protons would scatter them far apart. 

The amount of electrical charge carried by a proton is the same as the electrical charge of electron, with opposite sign. Thus, with the number of protons equal to number of electrons, the total size of the positive charge is the same as of the negative charge. And opposite charges of the same size cancel out. So, the atom as a whole does not have any charge. 

Few other facts.
· Atomic number: The number of protons in a nucleus determines who the element is, it is like its’ SSN…

· Mass number: The number of protons and neutrons combined
· Isotopes: Atoms with the same number of protons (hence being of the same element), but having different number of neutrons (and hence different mass). You can consider them heavier and lighter atoms of the same element.
The following notation tells which isotope you are dealing with. Note that the atomic number is a redundant data since the element symbol tells how many protons there are. However, it saves time you would spend to look up the number of protons in the book….: 
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· Atomic mass: It is almost identical to the mass number, but atomic mass is bit more accurate. It tells you how many atomic mass units this or that atom weighs. Atomic mass unit is defined as a 12th fraction of the mass of isotope 
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· Average atomic mass: that is the number you find in PT. It tells you what is the mass average of an atom of an element when you take into account all naturally occurring isotopes. No mater how you what compound your element is bound in, or how you get your sample, the ratio of all isotopes will be the same and so you can forget about isotopes and use average mass… 

THE BOHR MODEL
The Bohr model of atom was designed to explain the fact that electrons could acquire only distinct energies. Or, you could say that it was designed to “organize” electrons around the nucleus. Bohr imagined atoms just like a solar system, with electrons orbiting around nucleus at a defined distance, thus having precisely defined energies. 

If electron wants to “climb” on a higher orbit, it must obtain extra energy, if electron attempts to jump onto a lower orbit, it emits excess energy as a miniature spark of light. 
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QUANTUM MECHANICAL MODEL

Needless to say that even the Bohr model was inadequate. It became obvious that electrons are not “orbiting”, but instead occupying precisely defined sections of space, called orbital. Anywhere within a particular orbital an electron has the same energy, regardless how far from the nucleus it happens to be. 

Things to remember about orbitals:

· Orbitals have defined shape and size

· Electron in an particular orbital has the same energy regardless where within the orbital it is “found”

· Orbitals of comparable size form a shell
· Within each shell, orbitals of similar shape form a subshell. 

· Orbitals are filled with electrons based on increasing energy

· Orbital can be occupied by up to two electrons, provided they have opposite spin

· Spinning electrons generate magnetic moment. Electrons paired up in an orbital cancel each other’s magnetism

· Unpaired electrons turn atom into a miniature magnet (exploited in MRI) 

There are several types of orbitals, s, p, d and f. 
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s-orbital: sphere, only one per shell

p-orbital: 3-dimmensional number 8; come in triplets

d and f have complicated shapes. 

Orbitals are centered around the nucleus, and as said earlier, s, p, d and f orbitals of similar size are arranged in a shell. Larger shell engulfs all smaller ones, just like a Russian doll contains all smaller ones within. 

Below you can see a cartoon showing a smaller and larger set of orbitals (3 distinct p orbitals and an s orbital as a ghostly sphere. 

Shells are numbered in such a way that the shell closed to the nucleus is # 1, and then consecutively through and including the outermost shell still filled with electrons. The closer the shell to the nucleus, the lower its energy. 

Within each shell, the s orbitals have the lowest energy, p orbitals have higher energy than s. All p orbitals of the same p-triplet have the same energy.
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Orbitals are filled by increasing energy. Due to the restrictions imposed by the Pauli Exclusion Principle, no two electrons in the same atom can be identical. Since electrons occupying the same orbital share the same space, the same energy, the same distance from the nucleus, the only property in which they can differ is spin: electrons spin around its axis, clockwise or anticlockwise. Since we have only two options, there can be only two electrons maximum in any given orbital. 

Electron configuration and orbital diagram

Electron configuration is a way to describe which orbitals are occupied by how many electrons. Orbital diagram is a graphical expression of the same. The example below means:

· there are two electron within the s orbital of the first shell

· there is one electron within the s orbital of the second shell
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Only the outer-most shell – valence shell ​ – is relevant for chemical properties of an element (you can touch only the outer tupperware…). For this reason, it may be convenient just to “forget” about the electrons deep inside the atoms, abbreviate them by a symbol of the preceding noble gas (He, Ne, Ar etc.) and save space… This is the “tennis ball” concept, where a layer of cloth is glued on the surface of a rubber ball: the valence shell of atom of sodium is “glued”  on surface of the neon core. 
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Another example, 1s2  2s2  2p6  3s2 3p4  would become [Ne] 3s2 3p4 . Saves lot of writing, huh? Same goes for orbital diagrams, so the two pictures below show the same configurations. By the way, can you tell which element does this configuration represent???
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Periodic Table (PT)

is the world’s smallest and most comprehensive chemistry textbook. That’s how much information you can get out of it. 

Below you see and “abstract” version of PT. Each “column” is referred to as a “group”. It is divided into two big regions: Representative elements and transition elements. Since transition elements rarely play by the rule, we’ll ignore them ;-). 

· all elements within the same group have similar chemical properties

· roman numeral on top of the group tells how many valence (outermost) electrons each element has

· the row number (not shown, must count…) tell you what shell the valence s  and p  orbitals belong to

Following simple rules as to pairing of electrons, you can easily construct configuration or orbital diagram of main elements. Feel free to ignore d and f electrons/orbitals….
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The “staircase” at the right part of PT divides metals from non-metals. Everything left of the staircase is a metal (includes the weird transition element rows outside and below the PT), everything right of is non-metals. Few borderline cases are referred to as metalloids (semiconductors!!!!).  All metals are shiny, conduct electricity and are malleable. Non-metals do not share a common property. As you can see from the size of the areas, there are many more metals than non-metals. So one could think chemistry of non-metals is boring.  But, to make sure, the Life is based on compounds of carbons, which is a non metal, and makes millions of compounds (with his best pals hydrogen, oxygen, nitrogen) – so keep in mind that in chemistry, just like in life, things often are not what they seem (. 
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