Inorganic Pharmaceutical Chemistry
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The Periodic Table
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* Elements on the left and middle are METALS (&ceptv
Hydrogen)

* Elements on the right are NONMETALS
* METALLOIDS form the narrow stair-step area between

metals and nonmetals.
* The last group (18) to the right are NOBLE GASES
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A metalloid is an element that has properties that are intermediate between those of
metals and nonmetals. Metalloids can also be called semimetals.



Medicinal inorganic chemistry can be broadly defined as the area of
research concerned with metal ions and metal complexes and their clinical
applications.

Metals such as arsenic have been used in clinical studies more than 100
years ago, whilst silver, gold and iron have been involved in ‘magic cures’
and other therapeutic applications for more than 5000 years.

Many metal ions play a vital role in living organisms.
Metal ions are also involved in a variety of processes
within the human body, such as the oxygen transport HC
or the formation of the framework for our bones.

Haemoglobin is an iron-containing metallo-protein Hooc
which carries oxygen from the lungs to the various HOOC
tissues around the human body. Haemoglobin




Calcium (Ca) ions are a vital component of our bones. Elements such as
copper (Cu), zinc (Zn) and manganese (Mn) are essential for a variety of
catalytic processes

Nevertheless, metals are very often perceived as toxic elements. Very often,
the toxicity of a metal in a biological environment depends on the
concentration present in the living organism.

Some metal ions are essential for life, but concentrations too high can be
highly toxic whilst too low concentrations can lead to deficiency resulting in
disturbed biological processes.




Cllwa??ification of the Elements

» Lustrous, malleable, ductile, electrically
conducting solids at room temperature

Nonmetals

* Often gases, liquids, or solids that do not conduct
electricity appreciably

Metalloids

» Elements, alloys or compounds that possess some
of the characteristics of metals and some of
nonmetals

» Metallic elements combine with nonmetallic
elements to give compounds that are typically
hard, non-volatile solids

* When combined with each other, the nonmetals
often form volatile molecular compounds

e When metals combine (or simply mix together)
they produce alloys that have most of the physical
characteristics of metals




Electronic Structure of Atoms

The fundamental unit of all matter is the atom.

The various chemical and physical properties of matter
are determined by its elemental composition.

Elements are composed of like atoms and their isotopes.

Subatomic particle: Any of various units of matter
below the size of an atom.

To predict the properties of matter, molecules, or
elements, it is important to understand the structure of
atoms.




Subatomic Particles:

Atoms are composed of a central nucleus surrounded by
electrons which occupy discrete regions of space.

The nucleus is considered to contain two types of stable
particles which comprise most of the mass of the atom.

These particles are "held” within the nucleus by various

"nuclear forces."




Subatomic Particles:

electron

proton

neutron
nucleus




Positron

The positron or antielectron IS the antiparticle or
the antimatter counterpart of the electron. The positron has an electric
charge of +1 e, a spin of 1/2 (the same as the electron), and has the
same mass as an electron. When a positron collides with an
electron, annihilation occurs.
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Subatomic Particles:

* The sum of the masses of the protons and neutrons accounts for
most of the atomic mass “weight” of the element, and the
number of protons is equal to the atomic number.

Mass number this is the number of
neutrons and protons

Neutrons \

N Ny
: He
\ Eleclirons / 2
- \ / Helium

Protons:
This number lets us know how many prolons there are. In a
neutral atom this Is also the same as the number of
electrons.
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A
zE
E = element symbol

A = number of protons + number of neutrons = mass number
Z = number of protons = number of electrons = atomic number

FHgure 1.3 Shorthand writing of efement symbol

11H E1|—| 31H

Protium Deuterium Tritiurm

Fgure 1.4 [sotopes of hydrogen

» Atoms of the same element can have different numbers of neutrons; the different
possible versions of each element are called isotopes. The numbers of protons and
electrons are the same for each isotope, as they define the element and its
chemical behaviour.

* For example, the most common isotope of hydrogen called protium has no
neutrons at all. There are two other hydrogen isotopes: deuterium, with one
neutron, and tritium, with two neutrons
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Subatomic Particles:

* Isotopic forms of a particular element differ in the number of

neutrons, and, therefore, in the atomic mass.
* Do isotopes have the same atomic number?

12
GC'I 3(\
d 14C
6
protons neutrons mass number
12C 6 6 12
1°C 6 7 13

14C 6 8 14
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|Isotopes vs. Allotropes

35 37

¢ LTaBN [ fF e | gy 5P 0L 1N ) FT

[sotopes - atoms of the same element with different - Cl 7 Cl
numbers of neutrons Chiorine- Chlorine-
- different compounds with the same formula » 7
Allotropes - different forms of an element = L L
Carbon exhibits both ,ﬁ., W/ ,ﬁp \ 15., W

Isotopes: C-12 C-13 C-14 S N\

32-S 33-S 35-S
THREE OF THE MANY SULFUR ISOTOPES
Allotropes: graphite, diamond, and fullerenes
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Heisenberg principle:

* Also known as Uncertainty principle. \

* Introduced first in 1927, by the German physicist Werner
Heisenberg, it states that the more precisely the position
of some particle is determined, the less precisely its
momentum [mass. Velocity] can be known, and vice versa.
(only for small objects like electrons)

* Thus, it is necessary to discuss the "location” of electrons
Ql atoms and molecules in terms of probability. /
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Atomic Orbitals

Atomic orbitals are defined as discrete volumes of space
about the nucleus that the electrons are placed in.

The electrons (contained within the boundaries of these
orbitals) are described by a set of four numbers called
quantum numbers.

The four quantum numbers set the probability limits within
which an electron can be found.

The first three quantum numbers refer to some property of
the space or orbital, while the fourth quantum number
describes the spin of the electron.

16




The four quantum numbers

1. The Principal Quantum Number (n).
2. The Suborbital Quantum Number (1).
3. The Magnetic Quantum Number (m“).

4. The Spin Quantum Number (m,).
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The Principal Quantum Number (n):

Quantum theory states that electrons in atoms exist in discrete
energy levels.

The energy associated with the electron increases as it
location farther from the nucleus.

The principal quantum number describes the relative positions
of these enerqy levels and their distance from the nucleus.

The values of this number are integers(iasa dle/)n=1,2, 3, ...

When n = 1 the electron is found in the enerqy level closest to
the nucleus.
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The Suborbital Quantum Number(i):

* Also called the "angular quantum number,” can be any value in
therange0,1,2,..n- 1.

* The secondary quantum number divides the shells into smaller
groups of orbitals called sub shells (sublevels).

* Usually, a letter code is used to identify (l) to avoid confusion
with (n).

I =0 1 2 3
Letter= s p d f
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The Suborbital Quantum Number(i):

For example: when n = 1, (1) can only equal 0; meaning that shell n = 1 has only

an s orbital (I = 0). when n = 3, (I) can equal 0, 1, or 2; meaning that shell n = 3
has s, p, and d orbitals.

Another example : the sub shell with n=2 and (l)=1 is the 2p subshell; if n=3 and
[=0, it is the 3s subshell, and so on.

The following figure shows the shapes of the s, p, and d orbitals.

The standard electron
configuration pattern is as follows:

15725%2n"3523pP 45734 4p° 554 5 6450 6pP 7575 60
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The Suborbital Quantum NumberL)
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Figure 1.8 Boundary surfaces of five d orbitals: (a) d,, (b) d,,, (c) d,,, (d) d;z_,2 and (e) d,z [10] (Reproduced

with permission from [10]. Copyright © 2009, John Wiley & Sons, Lm‘,l
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The Magnetic Quantum Number (m#):

Basically, this number describes the spatial orientation of the orbital.

The allowed values are restricted by the value of (1) and can be positive
or negative integer:

(1)=0,1,2,3 Wheres=0, p=1, d=2, f=3
mt =(-3,-2,-1,0, +1,+2, +3)

s=0 R
p=(-1, 0, +1) e.g. m¥ for oxygen = -1 1s 2s 2p
d=(-2,-1, 0, +1,+2)

f=(-3,-2,-1,0, +1,+2, +3)

Oxygen

s — 1 orbital

P — 3 orbitals (x, v, =)

d — 5 orbitals (xv, vz, Xz, x> — v2, z2)

f — 7 orbitals (v? — 3vx?, S5yz?-vr?, x>-3xvy?,

zx?-zv?, xy=z, Sxz?-3xr?, 523-3zr?)
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The Spin Quantum Number (m,):

Specifies the orientation of the spin axis of an electron.

The spin quantum number describes the direction the electron is
spinning in a magnetic field either clockwise or counter
clockwise.

Only two values are allowed: +1/2 or -1/2.

For each subshell, there can be only two electrons, one with a spin
of +1/2 and another with a spin of -1/2.

L s

ms = —

Ml-l-
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Electron configuration and the periodic table

1s 1s
2s Z:p
3s 3p
4s 3d 4p
Ss 4d 5p
ﬁ:E S:d ﬁ.p
?:s Ii:d
af
Sf

s=block elemenis

p-block elements

Harcourt Braco & Company items and dor

d-block elements (transition metals)

f~-block elements: lanthanides (4f)
and actinides (5/)

wvod itoms
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