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PPPPrefacerefacerefacereface    …………    
 

 This book on Pharmaceutical Inorganic Chemistry has been written with a 

view to cover the syllabus framed by Maharashtra University of Health Sciences, 

Nasik. The new syllabus underwent changes more than once. This resulted in some 

delay in presentation of this book.  

 Though number of standard textbooks are available on inorganic chemistry, 

there are only few books which deal with the pharmaceutical aspect. The inorganic 

compounds referred in Pharmacopoeia of India and those which are used in 

Pharmaceutical industry need more discussion from teaching point of view. These 

are some of the points that prompted us to write and present this book.  

 The book has been divided into various chapters as per the syllabus of 

Maharashtra University of Health Sciences, Nasik. Not only the compounds 

mentioned therein are covered, but some more related compounds have been 

discussed to give comprehensive coverage. It is our endeavor to present concise 

information about the various topics.  

 We hope this book will prove useful to the B. Pharm and Diploma in Pharmacy 

students. We will be glad to receive comments and suggestions from readers to 

improve upon this edition.  

 We express our sincere thanks to Mr. Dineshbhai Furia, publisher of Nirali 

Prakashan, Pune for helping us to bring out this book in a short period.  

 

 

        A. V. Kasture  

       S.G. Wadodkar 
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 (1.1) 

1 

ATOMIC STRUCTURE 
  

 

 

INTRODUCTION  

 Ancient Philosophers considered that matter is made up of extremely small particles 

which are invisible. Now, we know that the fundamental unit of all matter is the atom. The 

physical and chemical properties of matter or substance are determined by its elemental 

composition and elements are composed of atoms and their isotopes. Thus, it would be 

logical to understand the structure of atoms in order to explain and or predict the properties 

of matter, molecules or atoms.  

STRUCTURE OF ATOM (Development)  

 In the year 1803, John Dalton put forth the simplest theory regarding the structure of an 

atom, to explain the laws of chemical combination. The assumptions of his theory for 

structure of atom are as follows : 

 (1)  Matter is made of very tiny particles called as atoms which can be divided further 

chemically.  

 (2)  Atoms of same elements are identical in all respect, but differ from the atoms of 

another element.  

 (3)  Atoms cannot be created or destroyed.  

 (4)  An atom of an element has a fixed mass and atoms of different elements can 

combine in simple whole numbers to form compound atom which is now known 

as molecule.  

 In the year 1811, Avogadro suggested some modifications of theory of atomic structure 

proposed by Dalton. He described atom as the smaller particle of an element, which cannot 

be divided further, but can take part in all chemical changes.  

 In the year 1898, J. J. Thomson proposed that atoms consist of a positively charged 

matter in which negatively charged matter is embedded. So for the first time, it was 

suggested that atoms consist of positively and negatively charged particles (now known as 

electrons).  

 Rutherford, in the year 1911, performed some excellent experiments, in which he 

bombarded a thin gold foil with high speed α-particles from radioactive element and used 
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movable zinc sulphide screen for detecting them. His observations and interpretations were 

as follows : 

 (1)  Most of the α-particles pass through the gold foil, indicating that there is lot of 

empty space inside the atom.  

 (2)  Few of the α-particles were deflected from their original path through wide angles, 

indicating that the centre of the atom must be positively charged and is called as 

nucleus.  

 (3)  Few particles were deflected through 90o and one α-particle out of twenty 

thousand was completely deflected through 180
o
, indicating that the nucleus is 

rigid and thus α-particle is recoiled.  

Based on his experiment, Rutherford suggested the following atomic model : 

 (1)  The central part of the atom contains protons, which carries a unit positive charge 

and unit mass.  

 (2)  An atom contains electrons which carries unit negative charge but has a negligible 

mass.  

 (3)  As the atom is electrically neutral, it must have same number of protons and 

electrons.  

 (4) In an atom, all the mass and the positive charge is concentrated in the central part 

known as nucleus.  

 (5)  The electrons present in the atom are revolving round the nucleus in a definite 

path called as orbital.  

 Thus, the Rutherford’s model of an atom is similar to our solar system in which the 

planets are revolving around the sun. Later he observed that only on the basis of protons 

and electrons, the atomic masses of different elements could not be explained. After further 

experiments, he proposed that some particles which are neutral and have mass, must be a 

part of an atom.  

 In the year 1936, Chadwick discovered another particle which was neutral with a mass 

and named as ‘neutrons’. Thus, the nucleus of the atoms contains protons and neutrons, 

exception is only hydrogen in which the nucleus contains only one proton.  

       

Fig. 1.1 : Rutherford model of atom Fig. 1.2 : Orbiting electron radiating energy 

should be spiral into the nucleus 
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 Rutherford’s assumption regarding orbiting electrons around nucleus could not be 

accepted. Electromagnetic theory states that if a charged particle accelerates around 

another oppositely charged particle, then the former particle will radiate energy. If electrons 

radiate energy its speed has to decrease and hence it should go into a spiral motion and 

ultimately fall into the nucleus. If this happens, then the atom will be unstable. This was the 

drawback of Rutherford’s model of an atom.  

 Niels Bohr in 1913 proposed another model for atoms which explained not only the 

drawback of Rutherford's model, but also the emission spectrum of hydrogen. The Bohr 

model was based on Planck’s quantum theory and the model for an atom was thereby 

proposed. Some of the important assumptions are : 

 (1)  Centre part of an atom is dense, positively charged and also at rest; it is referred to 

as nucleus.  

 (2)  The electrons travel around the nucleus in a specific circular path called orbit. 

There is an electrostatic force of attraction between the nucleus and the electrons, 

which is balanced by the centrifugal force and thus an electron does not fall into 

the nucleus and the atom remains stable. The electron in each orbit is associated 

with definite energy and they are at a fixed distance from the nucleus. They are 

designated as 1, 2, 3, 4 …… and K, L, M, N …… etc.  

 (3)  In these specific orbitals, the electrons do not radiate energy. The energy of 

electrons in each orbit remains fixed and are referred as energy levels.  

 (4)  Electrons in the energy level nearest to nucleus have lower energy, while electrons 

with higher energy levels are at greater distance from the nucleus.  

 (5)  An electron can move from one energy level to another level by quantum and not 

continuously. When the electron is in the orbit of lowest energy level, it is said to 

be in ‘Ground State’, but when the energy is supplied to the electron, it absorbs 

one quantum or photon of energy and jumps in higher energy level. Such 

electrons are said to be in ‘Excited state’. The difference between the lower energy 

level and higher energy level is the amount of quantum or photon of energy 

absorbed or emitted.  

    E1 – E2  =  hν … (i)  

where, ν is the frequency of energy absorbed or emitted and h is Planck’s constant. 

 (6)  The angular moments of an electron (mvr) moving in the orbit around the nucleus 

is an integral multiple of Plank’s constant divided by 2π.  

    Angular moments =  mvr – n (h/2π)   … (ii)  

 where,   m  =  Mass of electron  

    v  = Velocity of electron  

    r  =  Radius of the orbit  

    n  =  1, 2, 3 etc. and  

    h  =  Planck’s constant 
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 If the values of n taken as 1, 2, 3, etc., we can get the respective angular moments, 

h

2π

, 
2h

2π

, 
3h

2π

 etc. 

 As there are no fractional values of h/2π, the angular moments are said to be quantized. 

The integer n can be used to designate orbit and corresponding energy levels. ‘n’ is called 

the atoms ‘Principal quantum number’ . 

 

Fig. 1.3 : Diagrammatic Bohr’s energy level 

 Bohr has calculated the radius of each orbit of hydrogen atom, the energy associated 

with each orbit and the wavelength of radiation associated in transitions between orbits.  

Modern concept of Atom : 

 Now, it is understood that the atom is not the ultimate particle of matter, but it is 

composed of some fundamental particles known as sub-atomic particles. These sub-atomic 

particles are electrons, protons and neutrons, thus atom has its own structure.  

Electrons :  

 The atoms are composed of central nucleus surrounded by electrons discovered by        

J. J. Thomson in the year 1998. The symbol for electron is ‘e’. It carries a unit negative charge. 

Its mass is negligible (0.000555 amu). Its location is extranuclear.  

Protons :  

 The sub-atomic particle proton was discovered by Rutherford in the year 1911. It is 

within the nucleus of an atom and carries a unit positive charge, its mass is practically equal 

to the mass of one hydrogen atom, and exact mass is 1.007825 amu. But for all practical 

purposes, it is taken as 1 amu. It is represented by symbol P or 1 H2.  

 As the atom is electrically neutral, the number of electrons and protons must be equal in 

an atom.  

Neutrons : 

 The presence of this sub-atomic particles was discovered by Chadwick in the year 1932 

and is represented by symbol N. It is situated inside the nucleus and is electrically neutral. Its 

mass is nearly equal to that of proton and exact mass is 1.008665 amu.  

 Every stable nucleus contains a certain number of protons, which is equal to the number 

of electrons in a neutral atom, and particular number of neutrons. The atomic mass of the 

element is the same of the masses of proton and neutron and atomic number related to 

number of protons.  



Pharmaceutical Inorganic Chemistry 1.5 Atomic Structure 
 

QUANTUM THEORY OF RADIATION  

 The wave theory of transmission of radiant energy imply that energy is emitted (or 

absorbed) in continuous waves. Max Planck studied the spectral line from hot bodies and 

proposed that these bodies radiate energy not as continuous wave, but small units of waves. 

The unit wave or pulse of energy is called as ‘Quantum’ Nobel Laureate, Albert Einstein 

showed that high radiations emitted by excited atoms or molecules, also transmitted as 

particles or quanta of energy. The light quanta are called as ‘Photons’.  

 From the quantum theory of electromagnetic radiation, it can be stated that : 

 (a)  When atoms or molecules emit or absorb radiant energy, they do it in units called 

as ‘quanta’ or ‘photons’. Therefore, the light radiations obtained from excited atoms consist 

of a stream of photons and not continuous waves.  

       

Fig. 1.4 : Continuous wave                                Fig. 1.5 : Quanta of Photons 

 (b) The energy E of a quantum is given by the relation  

    E  = h ν  … (iii)  

 where, ν is the frequency of emitted radiation and h is Planck’s constant  

     =  6.62 × 10-27 erg sec.  

     =  6.62 × 10–34 J sec.  

 Velocity of radiation c, is given by the equation  

    c  = λν … (iv)  

 Substituting the value of ν from (iv) in equation (iii), we can write, 

    E  =  hc/λ  

 Therefore, E is directly proportional to ν (directly proportional to frequency of radiation) 

and its wavelength.  

 (c) As only whole number of quanta exist, the atom or molecule can emit or absorb one 

quantum of energy (hν) or any whole multiple of this unit.  

 This quantum theory of electromagnetic radiation helps in explaining atomic structure, 

atomic spectra and photoelectric effects.  

WAVE MECHANICAL THEORY 

 As per the Bohr’s concept of structure of atom, the electrons move in closed orbits 

around the nucleus. This was later superceded by another theory, suggesting that the 

electron's motion is of a complex nature and can only be described by its wave properties 

and probabilities. This theory also applies to radiations and is known as wave mechanical 

theory.  

 Planck contended that light has dual characteristics i.e. that of wave as well as a particle. 

Thus, distinction between wave and particle becomes very hazy. Louis deBroglie suggested 

that the dual characteristics i.e. that of a wave and a particle, is not only confined to 



Pharmaceutical Inorganic Chemistry 1.6 Atomic Structure 
 

radiations, but can very well be extended to matter. Thus, matter can have dual 

characteristics of a wave and a particle. The electrons, protons and even atoms when in 

motion, possess wave properties and are associated with other characteristics of waves such 

as wavelength, frequency, wave amplitude, etc. The quantum mechanics takes into account 

the dual characteristics i.e. as particle and wave nature, of the matter.  

DeBroglie's Equation : 

 It states that the momentum of particle in motion is inversely proportional to the wave-

length, where ‘h’ (Planck’s constant) being the constant of proportionality.  

 After considering the quantum theory by Planck and Einstein’s Theory of Relativity, 

deBroglie derived relationship between the magnitude of the wavelength associated with 

mass ‘m’ of a moving body and its velocity.  

 According to quantum theory, the photon energy ‘E’ is expressed as  

    E  =  hν … (i)  

where, h is Planck’s constant and ν the frequency of radiation.  

 The energy associated with photon of mass ‘m’ can be given by applying Einstein mass - 

energy relationship and is expressed as  

    E  = mc2  … (ii)  

 where, c is the velocity of radiation, 

 By comparing equations (i) and (ii), we get  

    mc2  =  hν = hc 

 or    mc  =  h/λ  … (iii)  

 Equation (iii) is called de Broglie's equation  

 Thus,   Mass × Velocity = h/wavelength  

  Momentum (P) α h / wavelength  

 or  momentum  α 1/ wavelength  

 The de Broglie’s equation is true for all particles. In small particles like electrons, the 

wave-like aspect is of significance.  

 That the moving electrons have momentum of definite wavelength associated with 

them, was suggested by Broglie, which was later on proved in 1927 by Devisson and Germer 

by demonstrating that a beam of electron can also be defracted by crystals, e.g. light or      

X-ray beam. 

HEISENBERG’S UNCERTAINTY PRINCIPLE  

 In the year 1927, Werner Heisenberg developed the uncertainty principle, which is an 

important aspect of wave mechanics. It discusses the relationship between a pair of 

conjugate properties of substance. These properties are independent. Considering the 

uncertainty principle, it is impossible to know simultaneously, the conjugate properties, 

accurately. For example, position and moments of a particle are interdependent and thus are 
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conjugate properties. If the momentum of a particle is measured accurately, the position of 

the particle becomes correspondingly less precise; and if the position is determined 

precisely, then the momentum becomes less accurately known. Therefore, both the position 

and momentum of a particle cannot be determined precisely and thus the uncertainty. 

Heisenberg's principle relates the uncertainty in measurement of position, ∆x and 

uncertainty of determination of momentum, ∆p (or ∆mv) and is expressed as ∆x ∆p > h/2π 

or ∆x ∆mv > h/2π. 

 The uncertainty product is negligible in case of large bodies, but in case of small bodies, 

like electrons, the uncertainty values are very large and thus cannot be neglected while 

considering the structure of atom. As the size of the electron is very small, it is rather 

impossible to know the position and velocity of any one electron. Therefore, we say the 

probability, or relative change, of finding an electron with a probable velocity is rare. The 

Bohr's concept of electrons revolving around the nucleus in the orbit, is now replaced by the 

probability approach.  

SCHRODINGER WAVE EQUATION 

 Before Schrodinger developed the equation, it was difficult to calculate the probability 

of finding the electron at various points in the atom. The equation derived by Schrodinger 

using the concept of electron as standing wave around the nucleus, provided the real 

meaning to probability approach. The equation is known as Schrodinger wave equation.  

    ψ  =  A sin 2π x/λ 

 where,   ψ(Si)  =  mathematical function to represent the amplitude 

of wave (wave function) x, displacement, in a given 

direction  

    λ  =  wavelength and 

    A  = constant  

   By differentiating above equation twice, with respect to x, we get, 

    
dψ

dx
 = A 

2π

λ

 cos 2π 
x

λ

 … (i)  

  and    
d2

ψ

dx2
 = 

4π

2

λ

2  sin 2π 
x

λ

 … (ii) 

 but as we know,  A sin 2 π 

x

λ

 = ψ 

    
d2

ψ

dx2
 = 

4π

2

λ

2  ψ … (iii) 

 The kinetic energy (K.E.) of a particle of mass m and velocity v is given by the relation, 

    K.E. = 
1

2
 mv2 = 

1

2
 
m2 v2

m
 … (iv) 

 and as per Broglie's equation, 

    λ  =  h/mν 
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 Therefore  

    λ

2  =  h2/m2v2 

 or    m2 v2  =  h2 / λ2 

 By substituting the values of m2v2 , we get 

    K.E.  =  
1

2
   x h2 / mλ

2 … (v) 

 From equation (iii), we have, 

    λ

2  = 
4π

2
 ψ

d2
ψ

dx2

 … (vi)  

 Now, by substituting the value of λ2 in equation (v)  

    K.E.  =  
1

2m
 . 

h2

4π

2
ψ

 . 
d2

φ

dx
 

      = 
h2

8π

2mψ

 . 
d2

ψ

dx2
 

   where, E  =  Total energy of particle  

    K.E.  =  Kinetic energy and  

    P.E.  = Potential energy  

 ∴    K. E.  =  E – P.E.  

    E − P.E. = 
h2

8π

2mψ

 . 
d2

ψ

dx2
 

 or    
d2

ψ

dx2
 = – 

8π

2m

h2
 (E – P.E.) ψ 

     
d2

ψ

dx2
 +  

8π

2m

h2
 (E – P.E. ) ψ = 0  

 This is the Schrodinger equation for one dimension. It is generalised for a particle whose 

motion is described by the three space co-ordinates x, y and z.  

 Therefore, 

d2
ψ

dx2
 + 

d2
ψ

dx2
 + 

d2
ψ

dx2
 + 

8π

2m

h2
 (E – P.E.) ψ = 0  

 The above equation is known as ‘Schrodinger wave equation’. In this equation, the first 

three terms on the left side are represented by ∆2,ψ (del square Si)  

    ∆

2
ψ + (E – P.E.) ψ  = 0  

 In the above equation, ∆2 is known as ‘Laplacian operator’.  

 Using the wave equation, where ψ represents the amplitude of wave, and with 

modification to meet the requirement of uncertainty principle, one can give a probability of 

finding an electron within an extremely small volume around a point, which is proportional 

to the square of the function, ψ2 at the point.  
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 Wave equation has further given the concept of ‘charged cloud’ and ‘orbitals’. On 

solving wave equation for an electron, gives a three dimensional arrangement where the 

electron can probably, i.e., the regions where there is maximum possibility of electron is 

known as cloud of negative charge. The ‘Orbitals’ can be described as a three dimensional 

region where there is maximum possibility of finding an electron with a particular energy.  

ELECTRON DISTRIBUTION IN SHELLS OR ORBITS 

 There are certain rules which govern the distribution of electrons in extra nuclear part of 

the atom. In the year 1921, Bohr - Bury framed the following rules : 

 (1)  The maximum number of electrons that can be present in each orbit is 2 × n2, 

where n is the number of orbit of principal quantum number, starting from the 

nucleus outward. Thus, the K-shell or orbit n, will contain 2 × 12 = 1, L shell or next 

orbit (2) will contain 2 × 2
2
= 8, M shell or next higher orbit (3) will contain                   

2 × 3
2
 = 18 and N shell or next higher orbit (4) will contain 2 × 4

2
 = 32 electrons 

and so on.  

 (2)  The outermost orbit can contain maximum number of 8 electrons and the            

earlier to the outermost orbit (penultimate shell) can contain maximum of 18 

electrons.  

 (3) It is not necessary for an orbit to be completed before another commences to be 

formed. Actually, when outer orbit contains 8 electrons, the next higher begins.  

 (4)  The outermost orbit and the inner orbit next to it, cannot have more than 2 and 9 

electrons respectively, till all orbits inner to them are completed as per rule (1). 

ENERGY LEVELS AND SUB - ENERGY LEVELS  

 A definite amount of energy is associated with Bohr's stationary orbits or shells. These 

energy levels are designated by the numbers 1, 2, 3, 4, 5, 6 or denoted by K, L, M, N, O, P etc. 

The order of increasing energy level is given by ‘n’ (principal quantum number), that is          

K < L < M < N < O < P or 1 < 2 < 3 < 4 < 5 < 6 etc.  

 With the detailed study of individual spectra, it was observed that there is a presence of 

close grouping of several spectral lines. Similarly, the electron energy level can be further 

divided into several levels, or main energy level and sub-energy levels, or sub-shells. The 

number of sub-energy level is equal to the order of the main energy level from the nucleus. 

Letters s, p, d, f,….etc. are designated as sub-energy levels or sub-shells and the number can 

be obtained from its principal quantum number (n). Thus, energy level k (n = 1) will have 1s 

sub-energy level; L (n = 2) will have 2s, 2p, M (n = 3) will have 3s, 3p and 3d, and N(n = 4) 

will have 4s, 4p, 4d and 4f sub-energy levels.  

 The maximum number of electrons in the sub-energy levels are as follows : s = 2, p = 6,  

d = 10 and f = 14 and these sub-energy levels are in the following order : s < p < d < f. 



Pharmaceutical Inorganic Chemistry

Publisher : Nirali Prakashan ISBN : 9788185790169
Author : Dr. A. V. Kasture,
Late Dr. S. G. Wadodkar

Type the URL : http://www.kopykitab.com/product/20061

 Get this eBook

60%
OFF

https://www.kopykitab.com/Pharmaceutical-Inorganic-Chemistry-by-Dr-A-V-Kasture-Late-Dr-S-G-Wadodkar

	Pharmaceutical Inorganic Chemistry

