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Atomic Structure and Atomic orbital
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e Atom is the basic unit of an element that can enter into chemical
combination.
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e An atom consists of a tiny dense nucleus surrounded by electrons that
are spread throughout a relatively large volume of space around the
nucleus called an electron cloud.
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e The nucleus contains: ¢ < sl o s<i
1. Positively charged protons. & se aisd &ld gy
2. Uncharged neutrons. disill fae <l gy
3. Negatively charged electrons. dis&ll dudls <l 5 i<l

e The amount of positive charge on a proton equals the amount of
negative charge on an electron. Therefore, the number of protons and
the number of electrons in an uncharged atom must be the same.
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| nucleus {protons + neutrons) |

“.

electron cloud

an atom
The nucleus contains _
positively charged protons atomic number = the number of
and uncharged neutrons. protons in the nucleus
The electrons are mass number = the number of
negatively charged. protons + the number of neutrons

e The atomic number of an atom is the number of protons in its

nucleus.
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e The atomic number is unique to a particular element. For example, the
atomic number of carbon is 6, which means that all uncharged carbon
atoms have six protons and six electrons.
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e Atoms can gain electrons and thereby become negatively charged, or
they can lose electrons and become positively charged, but the
number of protons in an atom of a particular element never changes.
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e The electrons in an atom can be thought of as occupying a set of
concentric shells that surround the nucleus. The first shell is the one
closest to the nucleus. The second shell lies farther from the nucleus.
The third and higher numbered shells lie even farther out.
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e Each shell contains subshells known as atomic orbitals. Each atomic
orbital has a characteristic shape and energy and occupies a
characteristic volume of space.
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e The first shell consists only of an s atomic orbital; the second shell
consists of s and p atomic orbitals; the third shell consists of s, p ,
and d atomic orbitals; and the fourth and higher shells consist of s,
p, d, and f atomic orbitals. (Table 1.1).
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e Because a maximum of two electrons can coexist in an atomic
orbital, the first shell, with only one atomic orbital, can contain no
more than two electrons. The second shell, with four atomic
orbitals— one s and three p —can have a total of eight electrons.
Eighteen electrons can occupy the nine atomic orbitals—one s , three
p , and five d —of the third shell, and 32 electrons can occupy the 16
atomic orbitals of the fourth shell. (Table 1.1).
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e In studying organic chemistry, we will be concerned primarily with

atoms that have electrons only in the first and second shells.
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Table 1.1 Distribution of Electrons in the First Four Shells That Surround the Nucleus

First shell Second shell Third shell Fourth shell
Atomic orbitals ] 5p 5pd spdf
e | 1,3 1,35 1,3,5,7
atomic orbitals
Maxi be
aximum number 2 8 8 3

of electrons

e The ground-state electronic configuration of an atom describes the
orbitals occupied by the atom’s electrons when they are all in the
available orbitals with the lowest energy. If energy is applied to an
atom in the ground state, one or more electrons can jump into a
higher-energy orbital. The atom then would be in an excited state and
have an excited-state electronic configuration.
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e The ground-state electronic configurations of the smallest atoms are
shown in Table 1.2. (Each arrow—whether pointing up or down—
represents one electron.)

Table 1.2 The Electronic Configurations of the Smallest Atoms

Atom Name of element Atomic number 1s 2s 2p, 2p, 2p;, 3
H Hydrogen | 1

He Helium 2 1 |

Li Lithium 3 Tl 1

Be Beryllium 4 1 l 1 l

B Boron 5 o1l

C Carbon 6 ot 1

N Nitrogen 7 ot

0 Oxygen 8 1 l 1 ! 1 l T )

F Fluorine 9 o1ttt

Ne Neon 10 bt o1l ot o1

Na Sodium 1 ot 1ottt

ald daaa pelld 31l i) daaa elld 48 o ardlas)



Al-Rasheed university college [ORGANIC CHEMISTRY] Lec.1

e The following three rules specify which orbitals an atom’s electrons
occupy:
Al il g iU Al Uiy ) (o) aaa3 AaY) N il il @
1. The aufbau principle: An electron always goes into the
available orbital with the lowest energy.
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It is important to remember that the closer the atomic orbital is to the
nucleus, the lower is its energy. Because a 1 s orbital is closer to the nucleus, it
is lower in energy than a 2 s orbital, which is lower in energy—and closer to the
nucleus—than a 3 s orbital. When comparing atomic orbitals in the same shell,
we see that an s orbital is lower in energy than a p orbital, and a p orbital is
lower in energy than a d orbital.

Relative energies of atomic orbitals:

|lowest energy —=15 < 25 < 2p < 35 < 3p < 3d—= highest energy

Jln W) ol Lay 48U (5 gisa (Sl iy 31 ll o 8V (5 ,al Jli ) Y1 b 5uS3 agall e o)) @
B 8 el o 53 25 Sy 531 5 25 Jlis 591 (e ) FiLs el i 815l oY1 58 1
Al el 5 JUin ) s¥1 U sl gl CaDlall 8 Bas gall WU H gV 45 jlie 2ie 5 35 JUn oY) (e
d JGa ) ¥ e J8) Al elliay p JUn ) oY) 5 p JBu s e B

ald daaa pelld 31l i) dana gelld 4508 a0 013000



Al-Rasheed university college [ORGANIC CHEMISTRY] Lec.1

2. The Pauli exclusion principle states that
A. no more than two electrons can occupy each atomic
orbital, and
B. the two electrons must be of opposite spin.
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It is called an exclusion principle because it limits the number of electrons
that can occupy any particular shell. (Notice in Table 1.2 that spin in one
direction is designated by 1, and spin in the opposite direction by |.).
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From these first two rules, we can assign electrons to atomic orbitals for

atoms that contain one, two, three, four, or five electrons.
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The single electron of a hydrogen atom occupies a 1 s orbital, the second
electron of a helium atom fills the 1 s orbital, the third electron of a lithium atom
occupies a 2 s orbital, the fourth electron of a beryllium atom fills the 2 s orbital,
and the fifth electron of a boron atom occupies one of the 2 p orbitals. (The
subscripts x, y, and z distinguish the three 2 p orbitals.) Because the three p

orbitals are degenerate, the electron can be put into any one of them.
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Before we can discuss atoms containing six or more electrons, we need to
define Hund’s rule.
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3. Hund’s rule states that when there are two or more atomic
orbitals with the same energy, an electron will occupy an

empty orbital before it will pair up with another electron.
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The sixth electron of a carbon atom, therefore, goes into an empty 2 p,

orbital, rather than pairing up with the electron already occupying a 2 py orbital

(see Table 1.2).
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1s orbital 2s orbital

2p, orbital Zpy orbital 2p, orbital
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