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Atomic Structure & Interatomic Bonding

Introduction:

Some of the important properties of solid materials depend on geometrical atomic
arrangements, and also the interactions that exist among atoms or molecules . In some
instances, the type of bond allows us to explain a material’s properties.
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Ex : Carbon, which may exist as both Graphite(soft & greasy) and Diamond (the hardest
known material). This dramatic disparity in properties is directly due to a type of
interatomic bonding found in graphite that does not exist in diamond .
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Atomic Structure

m Atoms = nucleus (protons and neutrons) + electrons

Mass Charge
Proton 1.67 x 10" kg +1.60x101°C
Neutron 1.67 x 10" kg Neutral
Electron 9.11 x 103t kg -160x10¥C

m Electron mass = 1/1836 that of a proton .
m Radius of an atom= 0.1 nm = 0.1 x10 ° m (1LAngstrom)
m 50,000,000 atoms lined up measure 10 mm !!!

m Nucleus takes up 10 ** of the total volume of atom and has diameter of 4 -15 fm
(Femtometer = 10 *>m)

m of protons gives chemical identification of the element = atomic number (Z)

mof neutrons (N) defines isotope number
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mAtomic mass (A) = mass of protons + mass of neutrons
m The atomic mass unit (amu) is often used to express atomic weight.

1 amu is defined as 1/12 of the atomic mass of the most common isotope of carbon
atom that has 6 protons (Z=6) and six neutrons (N=6). M proton = M neutron = 1.67 x 10°%
kg =1 amu.

The atomic mass of the 12C atom is 12 amu
m Atomic mass (A) = atomic number (Z) + of neutrons (N)

m The atomic weight of an element or the molecular weight of a compound may be
specified on the basis of amu per atom (molecule) or mass per mole of material.

m In one mole of a substance there are 6.023 X 10% (Avogadro’s number) atoms or
molecules. These two atomic weight schemes are related through the following
equation:

1 amu/atom (or molecule) = 1 g/mol
Ex: The atomic weight of iron is 55.85 amu/atom, or 55.85 g/mol.

m The number of atoms per cm?, n, for material of density p (g/cm?®) and atomic mass A
(g/mol):

N=NaXp/lA
Ex: Graphite (carbon): p = 2.3 g/cm?, A =12 g/mol
n =6.023 x 10 atoms/mol x 2.3 g/cm3/ 12 g/mol = 11.5 x 10 2?2 atoms/cm?

Atomic Models

m Quantum mechanics

- Bohr atomic model: An early atomic model, in which electrons are assumed to revolve
around the nucleus in discrete orbital.
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Bohr suggested 3 ideas :
1) An electron in an atom can revolve in specific orbits without emitting energy.
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2) An e- may jump from one ‘orbit’ to another — when it does, a single photon (quantum)
of light is emitted with E =difference between Ei and Ef .
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El-E2=hv
(where v = frequency, h = planks const 6.62 x 10 34 Js)

3) Permitted orbits are those for which the angular momentum (mvr) is a integer multiple
of h/2n mvr = n.[h/2n Jwhere n = integer
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m Wave-mechanical model : in which the electron is considered to exhibit both wavelike
and particle-like characteristics. With this model, an electron is no longer treated as a
particle moving in a discrete orbital; but rather, position is considered to be the probability
of an electron’s being at various locations around the nucleus.
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Quantum Numbers :

Using wave mechanics, every electron in an atom is characterized by four parameters
called qguantum numbers.

The size, shape, and spatial orientation of an electron’s probability density are specified by
three of these quantum numbers.
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1-Pricipal Quantum Number (n) :
¢ Take on integral values beginning with unity; 1, 2, 3,4, 5
¢ Sometimes designated by the letters K, L, M, N, O, and so on.

¢ Represents the energy of the orbital, which is also related to the size of the orbitals or
the distance of an electron from the nucleus, or its position.
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2- Angular Momentum Quantum Number (1) :

+Signifies the subshell, Shape of the orbital .

+Denoted by a lowercase letter—an s, p, d, or f .

+Can has values from 0 to n-1.

¢Also called " azimuthal Q N "

3- Magnetic Quantum Number (m)) :

¢ The number of energy states for each subshell is determined by this number .

¢ Can have integer values from —I to +I : Thus, if n=1, | =0, and ml must equal 0, If n=2,
then | can equal either O or 1

If it equals 1, then m, can equal -1, 0 or +1; It can have three values
4 — Spin Quantum Number( ms) :

Associated with each electron is a spin moment, which must be oriented either up or down
; two values are possible (+1/2 and — 1/2) , one for each of the spin orientations.

W W W m, =1/2 or —1/2

s
Principal Number Number of Electrons
Q.N..n Subshells _of States _ Per Subshell Per Shell
1 (1=0) S 1 2 2
2 (1=0) S 1 2 8
2 (I=1) p 3 6
3 (1=0) S 1 2 18
3 (I=1) p 3 6
3 (1=2) d 5 10
4 (1=0) S 1 2 32
4 (I=1) p 3 6
4 (1=2) d 5 10
4 (1=3) f 7 14
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The Periodic Table

A The elements are situated, with increasing atomic number, in seven horizontal rows
called periods.

A Elements in the same column (Group) share similar valence electron structures, &
chemical and physical properties. Group number indicates the number of electrons
available for bonding.

A Group 0: Inert Gases have filled electron shells and stable electron configurations.

A Group VIIA and VIA elements are one and two electrons deficient, respectively, from
having stable structures. The Group VIIA elements (F, CI, Br, I, and At) are sometimes
termed the Halogens.

A The alkali and the alkaline earth metals (Li, Na, K, Be, Mg, Ca, etc.) are labeled as
Groups 1A and 1A, having, respectively, one and two, electrons in excess of stable
structures.

A The elements in the three long periods, Groups II1IB through IIB, are termed the
Transition metals, which have partially filled d electron states and in some cases one or
two electrons in the next higher energy shell.

A Groups IIIA, IVA, and VA (B, Si, Ge, As, etc.) display characteristics that are
intermediate between the metals and nonmetals by virtue of their valence electron
structures.
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Electronegativity: a measure of how willing atoms are to accept electrons.

- Subshells with one electron - low electronegativity; Subshells with one missing electron
high electronegativity.

- Electronegativity increases from left to right.

- Metals are electropositive; they can give up their few valence electrons to become
positively charged ions.
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