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1.1. OBJECTIVES

The objective of the preparation of the text of this unit is to acquaint the readers with the
fascinating and exciting realm of the atoms. Accordingly, an attempt has been made to through
light on the arrangement of the internal constituents of the atoms (the subatomic particles), their
peculiarities and characteristics along with their behaviour towards their neighbours, i.e. the
arrangement of protons and neutrons in the nucleus and the rules governing the arrangement of
electrons in the extra nuclear region of an atom and filling of orbitals belonging to higher energy
shells prior to the entry of electrons in the orbitals of lower energy shells. At the same time, the
problem “what makes the electron cloud to acquire different shapes in three dimensional space
around the nucleus?”” has been entertained and various other interesting problems have also been

taken into account.

1.2. INTRODUCTION

In the beginning of nineteenth century, John Dalton (1766-1844) put forward his atomic
theory, he regarded atom as hard and smallest indivisible particle of matter that takes part in
chemical reactions; the atoms of one particular element are all identical in mass and atoms of

defferent elements differ in mass and other properties.

Later on, various investigators around the end of nineteenth century and beginning of twentieth
centurydid several experiments and revealed the presence of much smaller negatively charged
particles, named electrons by J.J. Thomson (1897) and positively charged particles, named
protons by Rutherford (1911) within an atom. These tiny particles were called subatomic
particles. It was also established by Rutherford that the whole positive charge and most of the
mass of an atom lies at nucleus. The positive charge on the nucleus was attributed to the presence
of protons called the atomic number by Moseley (1912). The electrons were said to be arranged
around the nucleus in the extra nuclear region in certain well defined orbits called energy shells
and were said to be in constant motion (N. Bohr, 1913). Chadwick’s experiments (1932) also
revealed the existence of yet another subatomic particle in the nucleus which did not have any
charge and named as neutrons. Further investigations established that there were also present

some other subatomic particles in the nucleus in addition to electrons, protons and neutrons.
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These particles are positrons, neutrinos, antineutrinos, pions (n-mesons) etc. The pions (Yukawa,

1935) are said to be continuously consumed and released by proton-neutron exchange processes.

Thus, it is concluded that the atom no longer is an ultimate and indivisible particle of
matter and the outer or valence shell electrons are responsible for chemical activity of the

elements.

1.3. DE-BROGLIE’S MATTER WAVES: DUAL NATURE OF
MATTER

This is based on wave mechanical concept of an electron in an atom. Albert Einstein
proposed dual character of electromagnetic radiation in 1905, viz. wave character based on
Maxwell’s concept evidenced by diffraction, interference, polarisation kinds of phenomena and
particle character based on Planck’s quantum theory witnessed by quantization of energy and
hence photoelectric effect, i.e. the ejection of photoelectrons from metal surface on striking
electromagnetic radiation.

On the basis of above analogy, French Physicist Louis de Broglie (1924) postulated that
not only light but all material objects (both micro and macroscopic) in motion such as electrons,
protons, atoms, molecules etc. possess both, wave and the particle propertiesand thus have dual
character, i.e. the wave character and particle (corpuscular) character. He called the waves
associated with material particles as matter waves which are now named de Broglie’s wave.
These waves differ from electromagnetic or light waves in a sensethat these are unable to travel

through empty space and their speed is different form light waves.
de Broglie’s relation

de Broglie deduced a fundamental relation between the wave length of moving particle
and its momentum by making use of Einstein’s mass energy relationship and Planck’s quantum

theory. The material particle as a wave satisfies the Planck’s relation for a photon, i.e.
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where h is Planck’s constant and v is the frequency of the wave. The frequency for light wave, v

= % and for particle wave, v = % (c = speed of light wave and v = speed of particle wave). At

the same time, Einstein’s mass energy relationship is applicable to it, i.e.
E =mc’ (for a photon) ~ ........... (1.2)
or E =mv? (for a particle where v #¢) ............ (1.3)

where m is the mass and v the speed/velocity of the particle. From the equations 1.1 and 1.3, we

have
hy =mv? ... (1.4)
hv 2
or 7 = mv

h
or — =mv=p (momentum)

_h I
or A—p or (mv) ...... (1.5)

(momentum p = mv, mass x velocity)

Here, A corresponds to the wave character of matter and p its particle character. This is Known as
de Broglie’s relation. From this relationship, it is concluded that “the momentum of a moving

particle is inversely proportional to the wavelength of the wave associated with it”.

It is important to note here from above discussion that de Broglie’s relation is applicable to
material particles of all sizes and dimensions but the wave character is significant only for micro
objects like electrons and is negligible for macro objects hence cannot be measured properly.

This infers that de Broglies’s relation is more useful for smaller particles.

de Broglie’s relation has been applied to a moving electron around a nucleus in a circular path in

an atom to justify Bohr’s postulate which states that elections can move only in those orbits for

. . . . hoo.
which the angular momentum is equal to an integral multiple of oo 1€
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This moving electron is considered as a standing wave extended around the nucleus in circular
path and not as a mass particle. If the circumference of the orbit is an integral multiple of the

wave length, A,
ie. 2rr=nAd......... (1.7)

where 1 is the radius of the orbit and n is the whole number, the wave remains continually in
phase, i.e. is a merging wave (Fig. 1.1 a)
From equation 1.5, we have

h
mv

A=

Sl

Putting the value of A in equation 1.7, we get
2nr = n % Fig 1.1 (a) merging waves, (b) Crossing waves
or mvr = n% (on rearranging) ......... (1.8)

which is the same as equation 1.6, i.e. Bohr’s postulate mentioned above. If the circumference of
the orbit is bigger or smaller than the value given above, the wave is out of phase, i.e. a crossing

wave (Fig. 1.1 b)

=S

Fig. 1.1 a: in phase Fig. 1.1 b: out of phase

de Broglie’s concept has been experimentally verified by Davisson and Germer, G.P. Thomson

and later by Stern independently.
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1.4. HEISENBERG’S UNCERTAINTY PRINCIPLE

According to classical mechanics, a moving electron behaves as a particle whose position
and momentum could be determined with accuracy. But according to de Broglie, a moving
electron has wave as well as particle character whose precise position cannot be located because
a wave is not located at a particular point rather, it extends in space. To describe the character of
a subatomic particle that behaves like a wave, Werner Heisenberg in 1927 formulated a principle
known as Heisenberg’s Uncertainty Principle. According to the principle “it is impossible to
determine simultaneously both the position as well as the momentum (or velocity) of a

moving particle at the same time with certainty (or accurately)”

He also proposed a mathematical relationship for the uncertainty principle by relating the

uncertainty in position with the uncertainty in momentum which is given below:

or Ax x m (Av) 2 -—(since p = m v and Ap = mxAv).......... (1.10)

where Axis the uncertainty or error in the position of the particle, Ap and Av are the uncertainties

in it’s momentum and velocity and h is Planck’s constant.

This equation states that the product of Ax and Ap can either be greater than or equal to (
=) but never smaller than % , a constant. If Ax is measured more precisely (i.e. Ax is small) then

there is large uncertainty or error in the measurement of momentum (Ap is large) and vice versa.

1.5. SHAPES OF ATOMIC ORBITALS AND ANGULAR PROBABILITY
DISTRIBUTION CURVES
The shapes of atomic orbitals depend 0 and ¢ 1.e. the product [® () x D ($)] or |;mX P

is related with the shapes of the orbitals. The values of 0, x @ , for s-orbital (1=0,m=0), p-
orbital (1=1, m =0, £1), and d-orbitals (I =2, m =0, =1, £2) can be obtained and correlated with

the shapes of orbitals.

UTTARAKHAND OPEN UNIVERSITY Page 6



ELEMENTARY CHEMISTRY GECH-01

For s-orbitals (1 = 0, m = 0), the angular wave function 6,, x @, is independent of the angles &
and ¢, i.e. there is no angular wave function and hence orbitals have only one orientation and are
spherically symmetrical over all the directions, hence have spherical shape as well as are non-
directional. Thus, s-orbitals are usually represented by circles. Greater the value of n and higher
the number of nodal points for s-orbital, larger is the size of orbital. The electron density in s-

orbitals could be shown by concentric shades as follows:

—~=X

! -y

Radial node Radial nodes

-z i

(a) ®) (©

Is-orbital ~ 2s-orbital 3s-orbital

(no nodal point) (1 nodal point) (2 nodal points)
Fig. 1.3 Electron charge density pictures for 1s, 2s and 3s-orbitals. Nucleus has been shown by
thick dot.
For p orbitals (1 = 1, m = 0, £1), there are three values of m and therefore, there are three
orientations of lobes of orbitals along cartesian coordinates viz. py, py and p,. The subscripts x, y
and z indicate the axes along which orbitals are oriented. The three p-orbitals are similar in size,
shape and energy but differ in orientation only. The angular wave function for these orientations
is the product®,,, x @, For 1=1, m =0 orientation, the angular wave function @,y @, is a real
quantity and corresponds to p, orbital which is dumb-bell shaped curve along z-axis in three
dimensional space (Fig. 1.4 c¢).
For I = 1,m = +1 and | =1, m= -1 orientations, angular wave functions are 0, ;; X ®;; and 0, x
®_; which have imaginary quantities and are avoided. The real values are obtained by the
normalised linear combinations (addition and subtraction) of angular angular wave functions.

Thus, addition process, i.e. @4 x @y + 0, x D gives normalised wave function
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corresponding to py orbital. In three dimensional space, this gives dumb-bell shaped curve along
x- axis (Fig.1.4a) The subtraction process, i.e. @1 X @11 - 0.1 x D gives normalised wave
function corresponding to p, orbital which is again dumb-bell shaped curve in three —

dimensional space along y-axis (Fig. 1.4b).

P

-y

-3

=<

P, orbital Py orbital  p, orbital
(a) (b) (©

Fig.1.4 The orientation of p- orbitals along x, y and z- axis.

The (+) and (-) signs are algebraic signs of angular wave function and not the charge. The
angular part of the wave function y (@, @) has (+)sign on one lobe and (—)sign on the opposite
lobe although y2 (6, @) will be positive on both the lobes. Thus, for p-orbitals, the important
points to be noted are:

Since x, y and z axes are perpendicular to each other, the three p-orbitals are also perpendicular

to each other.

(i1) Each of the three p-orbitals has two lobes on each side of the nucleus which is at the origin of the

axes, hence the probability of finding the electron (s) in both lobes is equal. These lobes are
separated by nodal planes passing through the nucleus. The electron density on the nodal plane is

Z€10.

(ii1) Greater the value of n (principal quantum number or the shell number), larger is the size of p

orbital i.e. 3p orbital is larger in size than 2p orbital though the shapes of both the orbitals are the

same.

(iv) The energy of the three p-orbitals with the same value of n is same i.e. all the three p-orbitals are

degenerate.
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For d-orbitals (1 =2, m = 0, £1, £2), five orientations (or orbitals) are there corresponding to
five values of m for 1 = 2. Depending on the permitted combinations of 1 and m, values for five d-
orbitals, angular wave functions corresponding to different d-orbitals are as follows:

For 1 = 2 and m=0, the angular wave function 0, x @, has a real value and corresponds to dzz-
orbital. For | =2 and m = £1, we have two angular wave functions, @, x @1, and 0, x ©_;.
The values of these angular wave functions contain imaginary quantity and hence, these values
are not accepted. The real and acceptable values are obtained from these by normalised linear
combinations (addition and subtraction) of above functions. The addition process of above
angular wave functions, i.e. 0,11 X @41 + 0,1 x D_; gives the wave function for d, (or dy, orbital
and subtraction process, i.e. 0,41 X Dy1.0,.1x O, gives the wave function for dyz orbital, for |
=2 and m = %2, we have two wave functions viz. @, 2 x ® ; and 0, , x ©_,. Again the values of
these wave functions contain imaginary quantity and hence are not accepted. Real and acceptable
values are obtained by the nornalised linear comlimation of the two angular wave functions. The
addition process of above angular wave functions, i.e., @242 X @1y + 0,5 X D, gives the wave
function for dy,.y» orbital and subtraction process i.e., @212 X @ 13 - @25 x D, gives the wave
subtraction for dy, orbital. When these five angular wave functions for different orbitals obtained
above are plotted in three dimensional space, we get the solid curves which give the orientations

along the axes or in between the axes as shown below:

dyy orbital dy, (or dy,) orbital d,corbital
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dxo-y2 orbital d,» orbital
Fig. 1.5 Angular dependence and shapes of d-orbitals.

The probability density is the square of the wave function and is positive everywhere. The lobes
on the positive or negative side of both the axes are assigned (+) sign and those on positives side

of one axis and negative side of the other or vice versa are assigned (—)sign.
The characteristics of the d-orbitals may be summarised as follows:

(1) dyy, dy, and d, (or dy,) as well as dy,.y» orbitals are double dumb-bell shaped and contain four
lobes. The lobes of the first three orbitals are concentrated between Xy, yz and zx planes,
respectively and lie between their coordinate axes. The lobes of dy,.,» orbital are concentrated
along x and y axes. d,, orbital has a dumb-bell shape with two lobes along z-axis with (+) sign
and a concentric collar or ring around the nucleus in xy plane with (-)sign.

(i1) The d-orbitals belonging to same energy shell are degenerate, i.e. have the same energy in a free
atom.

(ii)The d-orbitals belonging to all main energy shells have similar shape but their size goes on
increasing as the value of n and number of nodal points increase. For example, the size of 5d-
orbital (number of nodal points = 5 — 2—1=2) is larger than that of 4d-orbital (number of nodal
points =4 — 2 — 1=1).

N.B. The shapes of f, g etc. orbitals are beyond the scope of the text.
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1.6. QUANTUM NUMBERS

These are the integral numbers and most of them (i.e. first three) have been derived from
the mathematical solution of Schrodinger’s wave equation for y. These numbers serve as the
address of the electrons in an atom and hence are also known as identification numbers. These
describe the energy of an electron in a shell, radius of that shell (i.e. distance of electron from the
nucleus), shape and orientation of the electron cloud (or orbital) and the direction of the spinning

of the electron on its own axis.

There are four quantum numbers viz. principal quantum number (n), azimuthal or subsidiary

quantum number (1), magnetic quantum number (m) and spin quantum number (s).
(i) Principal or Radial quantum number

This quantum number represents the number of shell or main energy level to which the
electron belongs round the nucleus. It is denoted by the letter n. It arises from the solution of
radial part of y. This quantum number can have integral values 1,2, 3, 4........... etc. which are

designated by the letters K,L,M,N........ etc. as follows (proposed by Bohr):

Value of n  Designation

1 K
2 L
3 M
4 N

It can be concluded that the principal quantum number (n) gives an idea of:

(a) The shell or main energy level which the electron belongs to.
(b) The distance (1) of the electron from the nucleus, i.e. the radius of the shell.
(c) The energy associated with the electron.
(d) The maximum number of electrons that may be accommodated in a given shell.
According to Bohr-Berry scheme, the maximum number of electrons in n'" shell = 2n*. Thus the

first shell (n = 1) can accommodate (2 x 17 = 2) two elections, second, third and fourth shells
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with n = 2, 3 and 4 can accommodate eight (2x2* =8), eighteen (2x3% = 18) and thirty-two (2x4*
= 32) electrons, respectively.

(ii) Azimuthal or Subsidiary quantum number (1)

This quantum number is also known as orbital angular momentum quantum number. It is
denoted by the letter 1 and refers to the subshell which the electron belongsto. This quantum
number describes the motion of the electron and tells us about the shape of the orbitals of a
subshell. The values of 1 depend on the value of n (the principal quantum number) and may have
all possible values from 0 to (n-1),1.e. |=0,1,2,3.......... (n-1). Thus, for a given value of n, total
number of 1 values is equal to n, e.g. whenn=4,1=0,1,2,3 (total 4 values of I). For each value

of 1, separate notation is used which represents a particular subshell as shown below;

Azimuthal quantum number (1)01234......
Notation for the subshellspdfg......

These notations of subshells have been taken from the characteristics of the spectral lines in

atomic spectra. Thus, s stands for sharp, p for principal, d for diffuse and f for fundamental.

The subshells belonging to various shells are given below:

N L notation for the subshell

1 0 Is

2 0 2s
1 2p

3 0 3s
1 3p
2 3d

4 0 4s
1 4p
2 4d
3
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4f

The main points to be noted for azimuthal quantum number are;

(a) This gives an idea of the subshell which the electron belongs to.

(b) Total number of subshells in a given shell is equal to the numerical value of n (main shell).

(c) This quantum number corresponds to the orbital angular momentum of the electron.

(d) This gives an idea of the shape of the orbitals of the subshell.

(e) The maximum number of electrons that can be accommodated in a given subshell is equal to
2(21+1). Thus s, p, d and f- subshells with I =0, 1, 2 and 3 can have a maximum of 2, 6,10 and
14 electrons, respectively, i.e. sz,p6, d' and £'*

(iii) Magnetic quantum number (m)

This quantum number determines the direction of angular momentum of the electrons
thereby describing the orientation of orbitals of a subshell in space. The value of m depends on
the value of | thus showing that each subshell consists of one or more regions in space with
maximum probability of finding the electron (i.e. orbitals). The number of such orbitals (or
regions) is equal to the number of ways the electrons can orient themselves in space. This
number is equal to (21 + 1) and values of m are represented as (+) 1 to (—) I through 0. Thus, each
value of m represents a particular orbital within a subshell and total number of m values gives
total number of orbitals in that subshell. For example, for s-subshell, m =0 corresponding to 1=0,
i.e. m has only one value indicating that s-subshell has only one orbital or one possible
orientation of electrons which is spherically symmetrical around the nucleus. When I=1, (i.e. p-
subshell), m has three values viz. +1, 0,-1 implying that p-subshell has three orbitals or
orientations which are perpendicular to each other and point towards X, y, and z- axes. These are
designated as py, py, and p,. For 1 = 2 1.e. d-subshell, m=+2,+1,0,-1,-2,i.e. five values meaning
thereby that this subshell has five orbitals or orientations viz., dyy, dy,, du, dx2-y2 and d,,. On the
same grounds it can be shown for f-subshell (1=3) that it has seven orbitals or orientations
corresponding to seven values of m viz.,, +3,+2, +1,0,-1, -2 and -3. For p, d, and f subshells (I=1,

2 and 3) various m values may be summarised as follows:

UTTARAKHAND OPEN UNIVERSITY Page 13



ELEMENTARY CHEMISTRY GECH-01
Subshell Value of 1 Values of m Total m values

p - subshell 1 +1,0, -1 3

d — subshell 2 +2,+1,0,-1,-2. 5

f — subshell 3 +3,+2,+1,0,-1, -2, -3 7

The main point to be noted for magnetic quantum number is that it determines the total number

of orbitals present in any subshell belonging to preferred orientations of electrons in space.

(iv) Spin quantum number (s)

This quantum number arises from the direction of spinning of electron about its own axis.
It is denoted by the letter s which can have only two values shown as (+)% and (-)% representing
clockwise spin(a-spin) or anticlockwise spin (f-spin). These values i.e. (+)§ and (-)% are also
represented as 1 (upward arrow) and | (downward arrow). Being a charged particle, a spinning
electron generates a so called spin magnetic moment which can be oriented either up or

downward. The value of s for an electron in an orbital does not affect the energy, shape, size or

orientation of an orbital but shows only how the electrons are arranged in that orbital.

1.7. PAULD’S EXCLUSION PRINCIPLE

This principle was proposed by Pauli in 1924 and as an important rule, governs the
quantum numbers allowed for an electron in an atom and determines the electronic configuration
of poly electron atoms. In a general form, this principal states that “In an atom, any two
electrons cannot have the same values of four quantum numbers”. Alternatively, this can be
put in the form “any two electrons in an atom cannot exist in the same quantum state”.
Consequently, it can be said that any two electrons in an atom can have same values of any three
quantum numbers but the fourth (may be n or 1 or m or s) will definitely have different values for

them. This can be shown as follows;
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Values of quantum numbers

nl ms
For any two electrons in an atomsame same samedifferent

orsame same different same
or same different same same

or different same same same

Thus the values of all the four quantum numbers for any two electrons residing in the
same orbital like s, px, py, Pz, dxy €tc. cannot be the same. For example, in case of 2 electrons in
Is-orbital (i.e. lsz), the values of n, I and m are same for both the electrons but s has different

values as shown below:

nlms

1* electron 100 +

N | =

/

For 1s? electrons

2" electron 100 -

N R

The values of s may also be written in the reverse order but by convention the given order is
preferred. The important conclusion drawn from this discussion is that “an orbital can
accommodate only two electrons with opposite spins”

Application of Pauli’s Exclusion Principle

This principle has been used to calculate the maximum number of electrons that can be

accommodated in an orbital, a subshell and in a main shell. For example, for K-shell, n=1, 1=0
and m=0 and s can have a value equal to either (+)% or (-)%. These values of n, 1, m and s give

two sets of values of four quantum numbers as gives above. It is concluded that in K-shell,there

shall be only one subshellwith one orbital i.e. the s-orbital is present which can contain only two

electrons with s = (+)% and (-)%.
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For L-shell, n=2, I=0 and 1. The corresponding values of m are 0 (for 1=0) and +1, 0, -1 (for 1=1).
For each value of m, s will have two values, (+)% and (-)% . This leads to eight sets of quantum

numbers belonging to eight different electrons. These are shown below:

n=21=0m=0, s=+ % These values correspond to two
n=2 1=0, m=0, s=- % elections in 2s — orbital.
N
n=21=1m=+1, s=+ % These values correspond to two
.
n=2I1=1m=+I, s=- % elections in 2py — orbital.
7
3
n=21=1m=0, s=+ % These values correspond to two
.
n=2 1=1, m=0, s=- % elections in 2py — orbital.
7
3
n=21=1m=-1, s=+ % These values correspond to two
\
n=21=1lm=-1, s=- % elections in 2p, — orbital.

By convention, the first p-orbital is denoted as py, second as py and third as p,-orbital as given
above.Therefore, we can say that an orbital can accommodate maximum two electrons. Further,
since same values of 1 for a particular value of n corresponds to a particular subshell, total
number of electrons in a subshell can be calculated, e.g., s-subshell contains two and p-subshell
(I=1) will accommodate six electrons, respectively. Thus total number of electrons in L-shell will
be eight (2 in s and 6 in p-subshell). Likewise, one can calculate total number of electrons in M-

shell (18) and N- shell (32) etc. as well as d (10) and f (14) subshells.
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1.8. HUND’S RULE OF MAXIMUM MULTIPLICITY

This rule states that “electron pairing in the orbitals of a subshell will not take place
until each orbital is filled with single electron” (due to same energy of orbitals of a subshell).
This is because it is easier for an electron to enter an empty orbital than an orbital which already

possesses an electron.

If an atom has three electrons in p-subshell, these can be arranged in three p-orbitals as follows:

it Tl T 1T
(a) (b) (c)

Among these arrangements, the option(¢) is the correct arrangement because this rule can be
stated alternatively as “the most stable arrangement of electrons in the orbitals of a subshell
is that with greatest number of parallel spins”. It implies that before pairing starts, all the

electrons of the subshell have the same spins (parallel).

This rule serves as a guideline for filling of multi orbital p, d and f subshells, e.g., the electron
pairing in p, d and f-subshells will not start until each orbital of the given subshell contains one
electron. Thus pairing starts in the three orbitals of p-subshell at fourth electron, in five orbitals
of d-subshell at sixth electron and in seven orbitals of f-subshell at eighth electron, respectively.
The electronic arrangements (or configurations) for p4, d® and f* systems have been illustrated

here along with p°, d’ and f':

T T T R S A A O

AR N R R A M A

Here p’, d° and f’ provide the examples of maximum multiplicity in the respective subshells and

p*, d® and f* provide the examples where pairing of electrons in these subshells starts.
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ELEMENTARY CHEMISTRY GECH-01

1.9. THE AUFBAU PRINCIPLE

Aufbau is a German word which means building up or construction. The building up of
orbitals implies the filling of orbitals with electrons. This principle gives us the sequence in
which various orbitals are filled with electrons. The principle can be stated as “in the ground
state of poly electronic atoms, the electrons are filled in various subshells in the increasing
order of their energy”. This means the electrons are filled in the subshell of the lowest energy

first followed by the higher energy subshells.
There are certain rules which constitute the Aufbau principle:

In general, the subshells with lower n values are filled first followed by those with higher n-
values (called lower n rule).

For any given principal quantum number n, the order of filling up of subshells is s, p, d and f.

(n +1) Rule; sometime lower (n + 1) rule is violated. In such cases (n+l) rule is applicable
according to which the subshells are filled in order of increasing (n+l) values, e.g., 4s- subshell
[(n+]) = 4+0 equal to 4] is filled before 3d subshell [(n+]) =3+ 2 equal to 5) due to lower (n+1)
values. Keeping in mind the above discussion, various subshells can be arranged in the order of

increasing energy as follows:
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2p
n=t [(1s | s sicrt from nere

Energy sequence of subshells for electron filling
This relative order of energy of various subshells of an atom may also be given as follows:
15<25<2p<3s<3p<4s<3d<4p<5s<4d<Sp<6s<4{<5d<6p<Ts<5f<6d...

The electrons are filled according to this order only in polyelectron atoms. Configurations of
lanthanum (La, Z = 57) and actinium (Ac, Z = 89) are the exceptions where the last electron
enters 5d and 6d-subshells instead of 4f and 5f-subshells against the Aufbau’s lower (n + 1) rule

though (n+1) values are same for 4f and 5d as well as 5f and 6d-subshells.

1.10. ELECTRONIC CONFIGURATION OF ELEMENTS

Based on the Pauli’s exclusion principle, Hund’s maximum multiplicity rule and Aufbau
principle, we can formulate a system for electron distribution in atoms and electronic
configuration of the elements can be worked out. By electron distribution, we mean arrangement

of electrons in various atomic orbitals and subshells.
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Looking at the relative energy sequence of subshells of atoms in the elements, it can be
concluded that we can work out and write down the electronic configuration of the elements

straightaway up to argon (Ar, Z = 18) as follows:
Name of the element Symbol with atomic number Electronic configuration
HydrogenH (Z=1) 1s'

Helium He (Z =2) 1s*

Lithium Li (Z = 3) [He] 2s

Beryllium Be (Z = 4) [He] 2s?

Boron B (Z = 5) [He] 2¢* 2p1

Carbon C (Z = 6) [He] 2s* 2p*

NitrogenN (Z=7) [He] 2s° 2p’

Oxygen O (Z = 8) [He] 2s* 2p*

Fluorine F (Z = 9) [He] 2s*2p°

Neon Ne (Z = 10) [He] 2s° 2P°

Sodium (Natrium)Na (Z = 11) [Ne