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Limiting Reactant/Reagent 
Sometimes, in alchemical equation, the reactants present are not the amount as required 
according to the balanced equation. The amount of products formed then depends upon 
the reactant which has reacted completely. This reactant which reacts completely in the 
reaction is called the limiting reactant or limiting reagent. The reactant which is not 
consumed completely in the reaction is called excess reactant. 
Reactions in Solutions 
When the reactions are carried out in solutions, the amount of substance 
present in its given volume can be expressed in any of the following ways: 
1. Mass percent or weight percent (w/w%) 
2. Mole fraction 
3. Molarity 
4. Molality 
1. Concentration in Parts Per Million (ppm) 

The parts of a component per million parts (106) of the solution. 

ppm (A)=       Mass of A              ×106 
          Total mass of the solution 

2. Mass Percentage (w/w): 

When the concentration is expressed as the percent of one component in the solution by 
mass it is called mass percentage (w/w).  

 

3. Volume Percentage (V/V): 

Sometimes we express the concentration as a percent of one component in the solution 
by volume, it is then called as volume percentage and is given as: 

volume % of A = Volume of component A in the solution×100 
                                  Total volume of the solution 
For example, if a solution of NaCl in water is said to be 10 % by volume that means a 
100 ml solution will contain 10 ml NaCl. 

4. Mass by Volume Percentage (w/V): 

This unit is majorly used in the pharmaceutical industry. It is defined as the mass of a 
solute dissolved per 100mL of the solution. 



5. Molarity (M): 

One of the most commonly used methods for expressing the concentrations is molarity. It 
is the number of moles of solute dissolved in one litre of a solution. Suppose a solution 
of ethanol is marked 0.25 M, this means that in one litre of the given solution 0.25 moles 
of ethanol is dissolved. 

 

6. Molality (m): 

Molality represents the concentration regarding moles of solute and the mass of solvent. 
It is given by moles of solute dissolved per kg of the solvent. The molality formula is as 
given- 

 

7. Mole Fraction: 

If the solution has a solvent and the solute, a mole fraction gives a concentration as the 
ratio of moles of one component to the total moles present in the solution. It is denoted 
by x. Suppose we have a solution containing As a solute and B as the solvent. Let nA and 
nB be the number of moles of A and B present in the solution respectively. So mole 
fractions of A and B are given as: 

                
The above-mentioned methods are commonly used ways of expressing the concentration 
of solutions. All the methods describe the same thing that is, the concentration of a 
solution, each of them has its own advantages and disadvantages. Molarity depends 
on temperature while mole fraction and molality are independent of 
temperature.  

 
                                          Chapter-2 
                                    Structure of Atom 
Atomic Number 
The number of protons present in the nucleus is equal to the atomic number (z). For 
example, the number of protons in the hydrogen nucleus is 1, in sodium atom it is 11, 
therefore, their atomic numbers are 1 and 11. In order to keep the electrical neutrality, 
the number of electrons in an atom is equal to the number of protons (atomic number, 
z). For example, number of electrons in hydrogen atom and sodium atom are 1 and 11 
respectively. 
Atomic Number (z) = Number of protons in the nucleus of an atom. 
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= Number of electrons in a neutral atom. 
• Mass Number 
Number of protons and neutrons present in the nucleus are collectively known as 
nucleons. The total number of nucleons is termed as mass number (A) of the atom. 
Mass Number (A) = Number of protons (p) + Number of neutrons (n). 
• Isotopes 
Atoms with identical atomic number but different atomic mass number are known as 
Isotopes. 
Isotopes of Hydrogen: 

 
These three isotopes are shown in the figure below: 
 

 
• Isobars 

 
Nature of Electromagnetic Radiation (Electromagnetic Wave Theory) 
This theory was put forward by James Clark Maxwell in 1864. The main points of this 
theory are as follows: 
(i) The energy is emitted from any source (like the heated rod or the filament of a bulb 
through which electric current is passed) continuously in the form of radiations and is 
called the radiant energy. 
(ii) The radiations consist of electric and magnetic fields oscillating perpendicular to each 
other and both perpendicular to the direction of propagation of the radiation. 
(iii) The radiations possess wave character and travel with the velocity of light 3 x 
108 m/sec. 
(iv) These waves do not require any material medium for propagation. For example, rays 
from the sun reach us through space which is a non-material medium. 
• Characteristics of a Wave 
Wavelength: It is defined as the distance between any two consecutive crests or troughs. 
It is represented by λ and its S.I. unit is metre. 

 
1 nm= 10-9 m 



 
Frequency: Frequency of a wave is defined as the number of waves passing through a 
point in one second. It is represented by υ (nu) and is expressed in Hertz (Hz). 
1 Hz = 1 cycle/sec. 
Velocity: Velocity of a wave is defined as the linear distance travelled by the wave in one 
second. 
It is represented by c and is expressed in cm/sec or m/sec. 
velocity of light  c  = υ  x λ 
Amplitude: Amplitude of a wave is the height of the crest or the depth of the through. It 
is represented by V and is expressed in the units of length. 
Wave Number: It is defined as the number of waves present in 1 metre length. Evidently 
it will be equal to the reciprocal of the wavelength. It is represented by bar v (read as nu 
bar). 

 
Electromagnetic Spectrum: When electromagnetic radiations are arranged in order of 
their increasing wavelengths or decreasing frequencies, the complete spectrum obtained 
is called electromagnetic spectrum. 

• Limitations of Electromagnetic Wave Theory 
Electromagnetic wave theory was successful in explaining properties of light such as 
interference, diffraction etc; but it could not explain the following: 
(i) The phenomenon of black body radiation. 
(ii) The photoelectric effect. 
 
Black Body Radiation 
The ideal body, which emits and absorbs all frequencies is called a black body and the radiation 
emitted by such a body is called black body radiation. The. exact frequency distribution of the 
emitted radiation from a black body depends only on its temperature. 



 
At a given temperature, intensity of radiation emitted increases with decrease of wavelength, 
reaches a maximum value at a given wavelength and then starts decreasing with further decrease 
of wavelength as shown in Fig 2.6. 
• Planck’s Quantum Theory 
To explain the phenomenon of ‘Black body radiation’ and photoelectric effect, Max Planck in 
1900, put forward a theory known as Planck’s Quantum Theory. 
This theory was further extended by Einstein in 1905. The main points of this theory was as 
follows: , 
(i) The radiant energy emitted or absorbed in the form of small packets of energy. Each such 
packets of energy is called a quantum. 
(ii) The energy of each quantum is directly proportional to the frequency of the radiation 

 
where h is a proportionality constant, called Planck’s constant. Its value is equal to  
6.626 x 10-34 Jsec. 
• Photoelectric Effect 
Hertz, in 1887, discovered that when a beam of light of certain frequency strikes the surface of 
some metals, electrons are emitted or ejected from the metal surface. The phenomenon is called 
photoelectric effect. 

 
Observations in Photoelectric Effect 
(i) Only photons of light of certain minimum frequency called threshold frequency (v0) can cause 
the photoelectric effect. The value of v0 is different for different metals. 
(ii) The kinetic energy of the electrons which are emitted is directly proportional to the frequency of 
the striking photons and is quite independent of their intensity. 
(iii) The number of electrons that are ejected per second from the metal surface depends upon the 
intensity of the striking photons or radiations and not upon their frequency. 
Explanation of Photoelectric Effect 
Einstein in (1905) was able to give an explanation of the different points of the photoelectric effect 
using Planck’s quantum theory as under: 
(i) Photoelectrons are ejected only when the incident light has a certain minimum frequency 
(threshold frequency v0) 
(ii) If the frequency of the incident light (v) is more than the threshold frequency (v0), the excess 
energy (hv – hv0) is imparted to the electron as kinetic energy. 
K.E. of the ejected electron 



 
energy of the emitted electron. 
(iii) On increasing the intensity of light, more electrons are ejected but the energies of the 
electrons are not altered. 
• Dual Behaviour of Electromagnetic Radiation 
From the study of behaviour of light, scientists came to the conclusion that light and other 
electromagnetic radiations have dual nature. These are wave nature as well as particle nature. 
Whenever radiation interacts with matter, it displays particle like properties in contrast to the 
wavelike properties (interference and diffraction) which it exhibits when it propagates. Some 
microscopic particles, like electrons, also exhibit this wave-particle duality. 
• Spectrum 
When a ray of white light is passed through a prism the wave with shorter wavelength bends more 
than the one with a longer wavelength. Since ordinary white light consists of waves with all the 
wavelengths in the visible range, array of white light is spread out into a series of coloured bands 
called spectrum. The light of red colour which has longest wavelength is deviated the least while 
the violet light, which has shortest wavelength is deviated the most. 
Continuous Spectrum 
When a ray of white light is analysed by passing through a prism it is observed that it splits up into 
seven different wide bands of colours from violet to red (like rainbow). These colours are so 
continuous that each of them merges into the next. Hence, the spectrum is called continuous 
spectrum. 
Emission Spectra 
Emission Spectra is noticed when the radiations emitted from a source are passed through a 
prism and then received on the photographic plate. Radiations can be emitted in a number of 
ways such as: 
(i) from sun or glowing electric bulb. 
(ii) by passing electric discharge through a gas at low pressure. 
(iii) by heating a substance to high temperature. 
Line Spectra 
When the vapours of some volatile substance are allowed to fall on the flame of a Bunsen burner 
and then analysed with the help of a spectroscope. Some specific coloured lines appear on the 
photographic plate which are different for different substances. For example, sodium or its salts 
emit yellow light while potassium or its salts give out violet light. 
Absorption Spectra 
When white light is passed through the vapours of a substance and the transmitted light is then 
allowed to strike a prism, dark lines appear in the otherwise continuous spectrum. The dark lines 
indicate that the radiations corresponding to them were absorbed by the substance from the white 
light. This spectrum is called absorption spectrum. 
Dark lines appear exactly at the same positions where the lines in the emission spectra appear. 
• Line Spectrum of Hydrogen 
When electric discharge is passed through hydrogen gas enclosed in discharge tube under low 
pressure and the emitted light is analysed by a spectroscope, the spectrum consists of a large 
number of lines which are grouped into different series. The complete spectrum is known as 
hydrogen spectrum. 
On the basis of experimental observations, Johannes Rydberg noted that all series of lines in the 
hydrogen spectrum could be described by the following expression: 



 
Rydberg in 1890, and has given a simple theoretical equation for the calculation of wavelengths 
and wave numbers of the spectral lines in different series of hydrogen spectrum. The equation is 
known as Rydberg formula (or equation). 

 
This relation is valid for hydrogen atom only. For other species, 

 
where Z is the atomic number of the species. 
Here RH = constant, called Rydberg constant for hydrogen and n1 , n2 are integers (n2 > n1) 
For any particular series, the value of n1 is constant while that of n2 changes. For example, 
For Lyman series, n1= 1, n2= 2, 3, 4, 5……….. 
For Balmer series, n1 = 2, n2 = 3, 4, 5, 6……….. 
For Paschen series, n1= 3, n2 = 4, 5, 6, 7……….. 
For Brackett series,n1 = 4, n2 = 5, 6, 7, 8……….. 
For Pjund series, n1 =5, n2 = 6, 7, 8, 9……….. 
Thus, by substituting the values of n1 and n2 in the above equation, wavelengths and wave 
number of different spectral lines can be calculated. When n1 = 2, the expression given above is 
called Balmer’s formula. 
• Bohr’s Model of Atom 
Niels Bohr in 1913, proposed a new model of atom on the basis of Planck’s Quantum Theory. The 
main points of this model are as follows: 
(i) In an atom, the electrons revolve around the nucleus in certain definite circular paths called 
orbits. 
(ii) Each orbit is associated with definite energy and therefore these are known as energy 
levels or energy shells. These are numbered as 1, 2, 3, 4……….. or K, L, M, N……….. 
(iii) Only those energy orbits are permitted for the electron in which angular momentum of the 
electron is a whole number multiple of h/2π 
Angular momentum of electron (mvr) = nh/2π (n = 1, 2, 3, 4 etc). 
m = mass of the electron. 
v = tangential velocity of the revolving electron. 
r = radius of the orbit. 
h = Planck’s constant. 
n is an integer. 
(iv) As long as electron is present in a particular orbit, it neither absorbs nor loses energy and its 
energy, therefore, remains constant. 
(v) When energy is supplied to an electron, it absorbs energy only in fixed amounts as quanta and 
jumps to higher energy state away from the nucleus known as excited state. The excited state is 
unstable, the electron may jump back to the lower energy state and in doing so, it emits the same 
amount of energy. (∆E = E2 – E1). 
• Achievements of Bohr’s Theory 
1. Bohr’s theory has explained the stability of an atom. 
2. Bohr’s theory has helped in calculating the energy of electron in hydrogen atom and one 
electron species. The mathematical expression for the energy in the nth orbit is, 



 

 
3. Bohr’s theory has explained the atomic spectrum of hydrogen atom. 
• Limitations of Bohr’s Model 
(i) The theory could not explain the atomic spectra of the atoms containing more than one electron 
or multielectron atoms. 
(ii) Bohr7s theory failed to explain the fine structure of the spectral lines. 
(iii) Bohr’s theory could not offer any satisfactory explanation of Zeeman effect and Stark effect. 
(iv) Bohr’s theory failed to explain the ability of atoms to form molecule formed by chemical bonds. 
(v) It was not in accordance with the Heisenberg’s uncertainty principle. 
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