Periodic Table Basics from General Chemistry

To get started: Know the important elements early on:

e You don’t need to know all of the elements; to get started you should focus on the top
of the table and elements that actually get used early on in Organic 1. Elements (e.g.
transition metals) will be added later as they are needed for new reactions.

e Focus on Carbon being in the middle of this abbreviated table; this is important as C
has a “middle” electronegativity (2.5). Elements to the left of C are less electronegative;
those to the right are more electronegative. This will dictate types of bonds formed.

e Metals on the left give away electron(s) to form ionic bonds, those in the middle share,
those on the right can accept electrons or share to form ionic or covalent bonds. You

learned this in General Chemistry and it still applies in Organic Chemistry.
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e Before you begin Organic 1 you should know where these elements are on the table and
why they are organized this way. This will save time when making decisions on how the
elements will interact based on their electronegativities and whether they can share of
transfer electrons. If you are looking at a periodic table during an exam to find out
where an element is, you are wasting time that should be spent elsewhere.

e Notice that some elements are crossed out. We don’t talk about Berylium (it’s rare) and
we don’t make molecules from the inert (Noble) gasses (because they are inert with a
full octet). The rest of the elements in the above table will do what they did in General

Chemistry so you should be on top of that as you prepare for Organic 1.



Know About Electronegativity

The attraction of an atom or group for electron density:

e This idea, which you first studied in General Chemistry, is so important that it will help
to know some actual numbers. Instead of just learning a general trend, by being more
specific you will be able to solve problems more confidently.

o Electronegativity (EN) of elements increases from left to right in the Periodic Table in
~(0.5 increments heading to F, which has the highest electronegativity value of 4.0 (on
the 4.0 scale). Going from left to right, valence electrons are added to the same energy
level while the nucleus gains one extra proton per group. The more positive nuclei will
attract the valence electrons more tightly, which affects atomic size and then reactivity.
Going down the Table the valence electrons get further away as electrons go into higher

orbitals (3s, 4s, etc.) so the influence of the nucleus fades.

Pauling Scale electronegativity values for the important early elements.

H 2.1

Li1.0 B20(C20|N3.0({O35|F4.0

Na 0.9|Mg 1.2| Al1.5| Si P 25|CI3.0

K 0.8 2.8
2.5

Knowing the numbers means you are able to decide what kind of bonding will occur in
between different atoms. Very different EN values, e.g. Na @ 0.9 and Cl @ 3.0 are only
ever forming ionic bonds. C @ 2.5 and H @ 2.1 will only form covalent bonds through
sharing of valence electrons. There is no absolute cutoff difference, however.

Once molecules are formed, you will then be able to decide which areas within are non-
polar or polar, which is essential for understanding reactivity patterns. Anions will be

electron-rich and go after electron-poor atoms in polar-covalent areas.



Be Comfortable With The Octet Rule

Why do atoms react to make molecules?

e The Periodic Table is an organization of elements in their atomic form before they
react to form molecules. Apart from the Nobel (inert) gasses, which already have the
complete valence shell, elements lose or share electrons to match the Noble gasses.

e On the left of the table (think Li, Na, Mg), atoms have 1 or 2 valence electrons (and
low EN values) so it will be easier to lose electrons than share or pick them up. Atoms
on the right (think O, F, Br) will pick up electrons to achieve the octet. Those in the
middle will share electrons in covalent bonds. How many electrons each atom needs
depends on how many they have to begin with, which comes from the Periodic Table.

e Don’t forget about non-bonding electrons (lone pairs, 1.p.), which count towards the

octet: N (also P) has 1; O (also S) has 2, F (also Cl, Br, I) has 3.

How each element will get to the nearest Noble gas octet.

Needs to: lose 1 lose 2 share3 share4 share3 share2 share1
electron electrons electrons electrons electrons electrons electron
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e How an atom gets to the octet is a function of its own electronegativity and what
element(s) it is bonding to. Each of the elements above is capable of forming either
covalent or ionic bonds depending upon the other elements involved.

e Do not worry about elements that can expand their octet (S, P, etc.) at this point; that
will come later in the Organic courses. For now the abbreviated table above shows you

how each of the important elements will achieve the octet.



Understand Valence Bond Possibilities

How many bonds can/will an atom form in a molecule?

e This comes straight from the Periodic Table and having a working knowledge of how it
1s essential. An atom with one electron in its valence shell will form one bond, most
likely by giving that electron away (think Li, Na, K). Atoms with seven electrons will
form one bond to gain the octet (think F, Cl, Br). An atom with four valence electrons
(carbon!) will need to form 4 bonds maximum to achieve the octet.

e Electronegativity (EN) of elements dictates what type(s) of bonds are formed but the
valence atomic structure governs how many. The table below gives an idea of what to
expect. Just remember that 8 is the desired number for most of the upper key elements.

Smaller atoms (H, Li. etc.) don’t need 8 as 1s shell can be filled to give a full valence.

Number of bonds formed by each of the important early elements.

1 2 3 4 3 2 1 0
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e Carbon is very flexible, due to its middling EN. It forms 4 bonds in its stable (neutral)
molecules but will be able to cope with three bonds temporarily in intermediates. C will
never form 5 bonds in Organic 1 or 2. Boron (B) and Aluminium (Al) are unique at
this stage in that they form 3 bonds in neutral molecules but will form 4 (for the octet)
during the various reactions in which they feature. They are used as Lewis Acids.

e Atoms to the right of C will have lone pair(s) in their neutral molecules and will be able
to share with other atoms to form common species such as hydronium or ammonium

in which the central O or N atom has a positive charge. Same as in General Chemistry.



Know Something About Chemical Bonding

When are lonic and Covalent bonds formed?

e In General Chemistry you spent a lot of time studying ionic salts, their composition,
and their stoichiometry in chemical reactions. While that material is useful it can also
be confusing. In the Organic classes we start simple but we need to expand on your
understanding of which bonds are most likely to be formed in various situations. Most
of this relies on understanding relative electronegativity (EN) values (see earlier).

e In the Organic courses we expand upon the basic idea of “ionic” and “covalent” bonds
and invoke the “polar covalent bond” as being essential for reactivity. Ionic bonds will
be obvious as they are formed between atoms on the left and right of the Table. When
atoms are closer together (and thus have similar EN values) they share bond electrons

in covalent arrangements. Some difference in EN values then leads to polar covalent.

The main bonding patterns seen in Organic Chemistry.

Low EN Middle EN High EN
Li B O
Na C F
K N

Li with F7? Big difference in EN, electron transferred, ionic bonding:

Li- F - Li@:[:::e

C with B? Small diff. in EN, electrons shared, non-polar covalent bond:
H3C ° ° BH2 —_—> H3C - BH2

C with O? Decent diff. in EN, electrons shared, polar covalent bond:

. 5+ O

e The question will be, “where are the electrons” in each bond? With large differences in
EN the electron(s) will be associated completely with the more EN atom. For moderate
differences the electrons are shared but closer to the more EN atom to give a dipole.

For small EN differences the electrons are equally shared and no dipole exists.



Reactivity: Molecules Want to Become Stable

What makes Organic molecules reactive?

e As in General Chemistry, molecules are going to react with other molecules so that the
whole system becomes more stable. Weak bonds get swapped for stronger bonds while
charge (positive or negative) finds its way to the best location possible. These ideas are
used throughout the Organic sequence to explain how chemicals change.

e What constitutes a reactive molecule? Weak bonds are a good place to start. Numerous
reactions feature reagents such as Br-Br, HO-OH and similar which have atoms with
multiple lone pairs directly next to each other. These bonds will always be broken along
the way during reactions to give more stable outcomes. Likewise, when atoms of quite

different size bond together those bonds tend to be weak and easily broken.

weak bonds - _ _ ”_“
lone pairs LT ’ (,:_l (,:,l * HQ QH
190 kJ/mol 243 kJ/mol 140 kJ/mol

H

weak bonds -

size of atoms H
H

295 kJ/mol 275 kd/mol

e When an atom is missing electrons from the octet (e.g. B, Al, C+) they will be reactive
towards electron-rich species. Positively charged carbon (i.e. carbocations) will feature
regularly in Organic 1 and 2 and serve as electron-poor reactive intermediates. Their
reactions as Lewis acids with electron-rich Lewis bases gives molecules with full octets.
Also, when negative charge may be swapped from less stable (maybe smaller) atoms to

one able to stabilize the charge better, this will result in predictable reactions.

o CHj CH;
missing electrons D >
(Lewis acids) M H3CJ®\CH3 H3C. .CH3
electron-rich electron-poor
(Lewis base) (Lewis acid) full octets
.. .e .. . .o .o .e
where does charge H-O: H—Br: > H-O-H .
want to be? o - vt
370 kd/mol 464 kJ/mol bigger anion

e Over the course of two semesters of Organic Chemistry you will become much more

comfortable with what constitutes reactivity and why molecules undergo change.
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