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CHM 101: Review Handout for Exam#2 – Part 2
Ionic Bond

Chemical bond: “forces holding atoms together in complex units”. However, only those forces which can be disrupted only by a chemical process: gold atoms are held together by physical forces (bit like two pieces of velcro), so that gold is solid and not gas, but you need only a physical process to disrupt these forces – for example, high enough temperature will evaporate gold… 

Valence shell is the outermost shell of an atom. It is this shell which is responsible for chemical properties of an atom.

Lewis “Dot” Notation and Octet Rule

In order to avoid writing orbital diagrams all the time, chemists invented even easier method to show valence electrons of representative elements. Valence electrons of representative elements are found only in s and p orbitals. Symbol of an element can be imagined as written in an invisible square, each side of this square would correspond to one orbital and each electron would be indicated by a dot. 
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Ever wondered for the reason why noble gases resist forming any bonds? The answer is, that their electron arrangement – configuration  - is stable and any disturbance thereof would cause energy penalty.  The valence shell of noble gases is completely full. Any extra electron would have to be added into next shell. 

Every element has a desire to achieve a configuration without any partially filled shell, to resemble a noble gas. Since for most of elements a “full” shell means 8 valence electrons, this tendency is referred to as the “octet rule”. Obviously, for hydrogen the “octet” means only 2 electrons: valence shell of hydrogen is #1, which can accommodate only 2 electrons. This is referred to as “duet”. This is valid only for representative elements!!!!

Ionic bond is essentially (electrostatic) attraction between ions of opposite charge.

Ion is an electrically charged particle, generated when a neutral atom loses or gains electrons. Excess of electrons causes negative charge; lack of electrons causes a positive charge. 
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Remark: For clarity, the atoms in the above cartoon are drawn as Bohr Model. Please be aware that the electrons are not really “circling” around the nucleus!!!

Atoms, which have a low number of electrons in its valence shell (we’ll limit our thought to main elements, so we look for electrons in s and p orbitals) will tend to lose these electrons and adopt configuration of the previous noble gas (Li with 1 electron will lose it, thereby adopting configuration of He). On the other hand, atoms with the number of electrons in its valence shell close to 8 (s and p orbitals only) will tend to gain the appropriate number of electrons as to adopt the configuration of the next noble gas (F with 7 electrons gaining 1 to adopt configuration of Ne).

	# of s&p valence electrons
	Group
	Examples
	Electron transaction
	Resulting charge

	1
	Ia
	Li, Na, K, Rb, Cs
	lose 1
	+ 1

	2
	IIa
	Mg, Ca, Sr, Ba, Ra
	lose 2
	+ 2

	3
	IIIa
	B, Al, Ga, In, Tl
	lose 3
	+ 3

	5
	Va
	N, P, As, Sb, Bi
	gain 3
	-3

	6
	VIa
	O, S, Se, Te, Po
	gain 2
	-2

	7
	VIIa
	F, Cl, Br, I, At
	gain 1
	-1


The more charge you have to confine into a localized, the more difficult the process is. For this reason, ions with charge +/-4 and higher are rarely formed. 

The charge of the resulting ion is best determined by finding the “shortest” route to a noble gas configuration. Gain of each electron is 1 negative charge, losing each electron brings in 1 positive charge. 

Atoms cannot lose or gain electrons without restrictions. As there are no free electrons floating through space, the only way for an atom to gain electrons is to find an atom willing to lose some. Thus, formation of ions always involves an electron transfer between two atoms.  Or if you wish, a buyer of an electron must find a seller… 


[image: image4.wmf]N

a

F

N

a

F

+

+

w

a

n

t

s

 

t

o

 

l

o

s

e

 

e

l

e

c

t

r

o

n

w

a

n

t

s

 

t

o

 

g

a

i

n

 

a

n

 

e

l

e

c

t

r

o

n

1

 

e

l

e

c

t

r

o

n

 

t

r

a

n

s

f

e

r

r

e

d


Formation of ionic compounds.

 Ionic compounds are formed by combination of ions of opposite charges in such a ratio that the resulting “unit” is neutral. In other words, the sum of positive charges equals to the sum of negative charges. You don’t have to worry where electrons come from; the atoms will figure it out correctly. We only have to look at the ratio in which the ions will want to combine. The picture below shows an easy way to do it. Put the ions side by side, figure out their charges and “move the numbers diagonally”. The only caveat is to make sure that the result will have the smallest ratio possible: if you get Ca2O2, the ratio 2:2 can be simplified as 1:1 and the correct formula is CaO. 
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Covalent Bond

Covalent bond is formed by so-called overlap of atomic orbitals. If atoms cannot form ions, they can opt for an “electron sharing” arrangement. Each atom will provide one orbital, usually containing 1 electron. These orbitals merge and create a new bonding orbital. As any orbital, only 2 electrons can be accommodated. Bonding orbital is an advantage in terms of energy, and thus it is “difficult” for the atoms to cancel this arrangement and move apart: they are “hold together”, or there is a chemical bond between them. 
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Whenever the bonding orbital is centered along the axis passing through the two nuclei, we speak of a  bond (sigma). Sometimes the two atoms can form more than one bond between each other. However, with the first sigma bond occupying the space along the “centerline” the remaining bonding orbitals must utilize different space, off the centerline. The atomic orbitals will overlap “sideways” and the resulting bonding orbital will be broken into two lobes. The electrons belonging to this orbital can freely move from one lobe to another, so the two parts are really one unit… Such a bond, realized off the nucleus-nucleus axis, is referred to as a  bond (pi).  One sigma and one pi bond between the same atoms is called a double bond, one sigma and two pi bonds give a triple bond. 
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As you can see, to draw a picture of a bond is not easy… To simplify this task, people schematize a bond by a dash connecting the symbols of the elements engaging is such a bond. One dash means a single (sigma) bond, two and three parallel dashes represent a double and a triple bond, respectively. The symbol of the element represents the nucleus. 
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 When examining how many bonds an element can form, let us remember that the purpose of bonding was to bring the total number of electrons, bonding and non-bonding, to 8. Thus, each atom will tend to form as many bonds as it has unpaired electrons! In the example shown below you see that oxygen has two unpaired electrons (in black). In gray, you see two non-bonding electron pairs. Oxygen can form either two single bonds (water) or one double bond (molecule of O2). In either case, all bonding and non-bonding electrons in oxygen’s valence shell (within the gray circle) add up to 8. Thus oxygen filled its valence shell to resemble a configuration of a noble gas (in this case Ne). When examining a molecule, remember, that each “dash” represents 2 electrons and both count towards the octet. 
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Bonding vs. non-bonding electrons & electron pairs

Just as a reminder, electrons can be referred to as “bonding” or “non-bonding”. The same description applies to electron pairs. A “bonding” means part of a bond  - and therefore shown as a dash, non-bonding means not part of a bond and thus shown as a dot (electron) or two dots (electron pair). Often a non-bonding electron pair is referred to as a lone electron pair. 

Electronegativity

Electronegativity is the ability of an atom to attract electrons. The higher the electronegativity, the more the atom attracts electrons. From wherever possible. If you thought that the idea of “sharing electrons” was too good to be true, it is. It is far from a self-less sharing and the atoms ferociously compete for the bonding electrons. In other words, atom with higher electronegativity will accumulate bigger share of the bonding pair than it should. Generally, when comparing two elements, the one that is higher in MPT has higher electronegativity, the one more to the right has higher electronegativity. So, comparing O and S, O has higher electronegativity because it is higher. For O vs. F, F has higher electronegativity because it is more to the right. 

For example, in molecule of H-F, fluorine attracts electrons much more than hydrogen. As a result, fluorine surrounded by electrons much more often, thus appearing as if it has a fractional negative charge. For fractional charges (less than charge of electron) we use Greek letter “”. Hydrogen thus must have a fractional positive charge. Such a bond, where we can see imbalance in electron distribution is called polar. Would you care to know how far this could go? The limit is fluorine “stealing” both electrons from the bond. Since one electron came from F, and one electron came from H, fluorine effectively got possession of hydrogen’s electron… Hey, doesn’t this sound just like a formation of ions? Well, that’s what it is! So you can view a polar bond as incomplete ion formation… Keep in mind that atom with lower electronegativity ends up being the positive end of  a bond, atom with higher electronegativity the negative end. The ends can be either marked by +, - or by an arrow pointing from the positive end to the negative one. 
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VSEPR theory

When you think about the space surrounding atom, you realize it is occupied by non-bonding electron pairs and bonded atoms. I will call the non-bonding electron pairs and atoms  “occupants”. The VSEPR theory is as simple as the fact that these occupants will maximize the distance from each other! That makes sense, why to be crowded? Thus, careful count of occupants will tell you what shape molecule has! 

 Look at the picture below. With two occupants on a central atom, what is the maximum possible distance? On opposite sides of the central atom! That means, the molecule will be linear. With three occupants, no matter what you do, you will not do any better than having them pointing into the corners of a triangle. With 4 occupants, it’s bit harder to visualize, the shape will be a tetrahedron. Imagine a pyramid with a triangular base. With the central atom at the center of the pyramid, the occupants will occupy one corner each. 
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Now look what happens if there are lone electron pairs, as shown for water. Two non-bonding electron pairs and two hydrogens point to the corners of the pyramid. When you look at the atoms only (right) you will realize that you would expect molecule of water to be bent, as opposed to linear! The picture on page 115 in your textbook is pretty good illustrating different shapes of molecules. 

When you have more than one central atom, don’t despair… Just work the simple theory for each of the atoms. In example shown below, we look at the arrangement on carbon and nitrogen separately. The carbon came out close to our original drawing (we do share with atoms the tendency to write atoms as far apart as possible!). With nitrogen, we found out that the C-N-H angle is not 180o (straight line), but about 120o (quite bent). 
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How does the polarity of a bond translate into polarity of a whole molecule? As for a bond, polarity is the result of uneven distribution of electrons. If there is only one bond in the molecule, then a polar bond means polar molecule. However, with several bonds present, there is a chance of the polarities working in opposite directions, canceling each other… Below you can see an explanation why carbon dioxide is non-polar, while sulfur dioxide highly polar. Both compounds have a formula XO2, both C-O and S-O bonds are highly polar. The difference can be explained in terms of different shape of the two molecules: in linear CO2, the polarities of the bonds cancel out, while in bent SO2 complete cancellation will not occur and the whole molecule will be polar.
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