Atom

Smallest particle of an element
having the same chemical properties
as bulk element.

Rutherford’s Nuclear Atom:

Atom: heavy positively charged small region
soft negatively charged large region.

#protons = # electrons; atom overall neutral.

Nucleus: protons + neutrons
virtualy all massin nucleus.

Soft sphere.

The nuclear constituents of an atom of a
given element do not exchange during
chemical and physical processes - exception
- nuclear reactions.

Electrons however change partnerships
during chemical reactions.

Our Focus - € ectronic environment of atoms.

Atomic Structure:

What is it made of ?
How does the interior of an atom look like?

A series of experiments and observations led to
the current “model’ of the atom.
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Electron Organization in Atoms.
Electron Configurations.

Key to understanding matter and their properties.



Why akali metals are very reactive and form
+1 charged ions?

Why noble gases are very stable and un-reactive.

What is the theoretical basis of the Periodic
Table.

Why nonmetallic elements join together by
covalent bonds?

Visiblelight acts as an indirect probe.

Present day understanding of the structure of

the electronic configuration is the result of
studies of interaction of electromagnetic radiation
(light) with atoms.

Visiblelight isonly asmall part of a broad
‘spectrum’ of electromagnetic radiation.

Most significant feature of e.m radiation -
they are waves.

A waveisa ‘repetition’ of aproperty ina
regular fashion.

Ocean wave - a photograph would illustrates this.

& amplitude u

To understand the electronic structure
(organization) of atoms - need a “‘probe’.

The size of the atom is so small, the probe that
would alow us an insight should be of comparable
sizeaswell.

Looking at the size of the probes available, none
that is familiar suits the job.

Electromagnetic Spectrum
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Electromagnetic Radiation

Perpendicular oscillating fields:

. Direction of
Electric propagation

Flectric

*Magnetic field

Magnetic field

Wave length (and frequency) with it’s amplitude
are the important characteristics of waves.

Electromagnetic radiation is atravelling wave.

Electromagnetic radiation travels through space
(and some, thro” matter).

Velocity, in vacuum (~air); ¢ = 2.998x10° m/sec
same for all types of em. radiation.

AV =C

Radiation is aform of energy.

The radiation energy is well defined.

Wevelength 4
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Eleciremagnetc wave

The visible region is commonly divided into
7 regions (violet, indigo, ....red) — very, very
approximate.

Each color has a unique wavelength (or unique
frequency).
I e

red limit ~700 nm
violet limit ~ 400 nm
in between - millions of wavelengths

The minimum amount of energy that a beam of
radiation of frequency v will carry isknown asa
Photon (enerqy packet).

The energy in asingle photon = hv.
h = Planck’s constant

hv isthe smallest possible amount (packet) of
energy from abeam of light of frequency v
B QUANTUM of ENERGY =hv.

‘Packets’ of radiant energy = quanta
t

Particle character of light.



Photon energy is quantized.

A single photon can have an energy of hv and
no less and no more.

A photon - energy packet - cannot be broken
into fractions.

h = 6.6260755 x 10-%* J-s (Planck’s constant)

Energy of a photon of radiation of | =589nm

| =589nm

~2.998x10°ms™
589x10°m
E=m

=6.63x10"* Jsx5.09x10%s*
=3.37x10"J

= -

=5.09x10"s™

Can you use 589 nm radiation to obtain energy
of value;

3.37 x 100 J 1 photon

3.38x 1079, 4.40x 10%°J, 1.69 x 107 Jno

6.74 x 101°J 2 photons
10.11 x 10'*° J 3 photons

A beam of radiation of frequency, v, carries
many ‘packets’ (photons) of energy.

Energy in asingle photon: E = hv

where h = Planck’s constant = 6.63 "~ 1034 Js

Can you use 589 nm radiation to obtain energy
of value;

3.37x 10107
3.38x 1019, 4.40x 1007, 1.69x 10™°J

6.74x 10°J, 10.11x 10%°]

How much energy is contained in 1 mole
of photons of radiation 589nm wavelength?

N, = 6.023x10%

E=hn
=3.37x10™"J
Energy in1moleof photons=
3.37x10™Jx 6.023x10*
=2.030x10°J



Photon energies are quantized. Amplitude is ameasure of the brightness or
intensity of the beam (number of photons/sec).

A light ray is a stream of photons.
Frequency is characteristic of the “color’ of the

Each photon carries hn amount of energy. radiation, and so is the wavelength.
Photoelectric Effect: b __r_, Photoelectric effect
Illuminating metal icati -
wiith dlectro-magretic Application of the quantum (energy packet-photon)

radiation releases electrons concept of photons - Photoel ectric effect.

from metal surface.
_ Metals exposed to radiation (light) emits el ectrons.
If the electromagnetic

radiation below a threshold

energy, no electrons released. However, for each metal there is athreshold

radiation frequency.

Below the threshold, electrons are not emitted,
no matter how bright the radiation beam is.

KE=hv-o

Photon energies are quantized (fact).

current

Beyond critical v,

Current increases Quantization: discreteness of energy.
monotonically with v.

Atomic systems interact with photons only
v if they can use the entire photon.

L

Work function: minimum energy required to
release e- from metal surface: ® = hv,



Beyond the critical photon frequency, of the
photon energy hv, hv, is expended to remove the
electrons from the metal surface.

Energy from the one photon is consumed by
one el ectron.

If the energy of aphoton is less than the minimum
energy needed to extract the electron (i.e. v < vy),
such photons will not be used and an electron would
not come out; regardless how many photons of less
energy (< hv,) is provided.

Blank spots on the spectrum

Absorption spectrum: : ¥

~ {_-Whitelight source

The dark lines are the frequencies lost from
the white light; continuous spectrum.

H atoms absorbed them.

H atoms absorb only well defined frequencies/
photons/quanta/energy packets.

In doing so H atom raises its energy by awell
defined quantum of energy values.

No blank spots on the spectrum

continuous
.~ spectrum

Thin beam if light

] Whitelight source
L/(polychromar[ic - many monochromatic)

Hydrogen line spectra:

ViV, Vg v,

Absorption spectrum of H

Visible region.
Excited states hv,
h 2
Energy h‘ 3
hv,
Ground state
Stable atoms



The most likely particle to absorb the photon
isthe electron (high probability- think of
nuclear size and electron ‘cloud’ size).

Energy is absorbed in discrete amounts; quanta.

Once energy is absorbed by an atomic (molecular)
system, the system reaches new states (energy levels)
of well defined energy values

— quantization of energy states)

Energy is absorbed and emitted in discrete amounts,
quanta.

Emission spectrum of H atoms contain only
a few well specified colors (monochromatic)
and appear as lines from the experimental
arrangement.

Line spectrum. Regions of blank spaces exist.

Spectrum is reproducible.

Emission spectrum of hydrogen

The frequencies of absorption and
emission match perfectly.

Energized H atoms

Dby Dlim-
Wiglst wolet  graen Fag
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H Line (emission) spectrum
(visible part)

Energized atoms emits energy achieve amore
stable lower energy states. The emitted energies are
discrete too.

Emission spectrum of hydrogen
ViV, V3 V,

The state with the lowest energy of atomic/
molecular system = Ground state.

Once photon energy is absorbed/emitted in atomic
(molecular) systems, the ‘new (final) state’ energy
of the system is shifted exactly up/down by the
energy value of the photon, relative to the energy
of the ‘state at the start (initial)’.



Atom energy/electron energy raised due to
Photon (light) absorption.

Atom energy/electron energy lowered due to
Photon (light) emission.

Hydrogen

Calcium

F_ Copper

Neon

Emission spectrum of sodium

B |

00 S nm ACkom TUl e
Viola Blue Uxzan Tellow Crange Red

Absorption spectrum of sodium

NOTE THE COMPLIMENTARY
NATURE of the two types of spectra.

Bamer (1885)

aempirical formulato relate frequencies
observed in H spectrum.

n:C(l—izj n>?2
4 n

C=3.29x10"s™" note

BALMER GAVE NO EXPLANATION !!!

I Cission spectraof

| | | | some elements

I | absorption spectra

a black space will be

seen wherever a bright
N -

line appear in the
emission spectra.

Bohr Theory of H atom:

Rutherford atom + Solar system
+ Planck’s quantization idea.

Departure from Newtonian mechanics.



Bohr Theory of H atom:

Electrons move in spherical orbits around the nucleus.

In doing so, so long as the electron stays in the orbit
the electron does not lose or gain energy.

Theradii of the spherical orbits are well defined.
(only certain radii can exist). Electron in an or bit has
awell defined specific energy. i.e. energy quantized.

(Orbit - aplace in which electron can exist/reside,
iscalled an “alowed” energy state.)

=principa quantum
number

W NP~ S

Each allowed state
hasaunique n.

n= 00

The nucleus is positive and electrons are negative.
They, attract each other.

Thus the best possible (i.e. stable) orbit(s) for
electron(s) are the ones closest to the nucleus.

Electrons arranging with the most stable
arrangement (electrons in orbits closest to
nucleus) - ground state.

nucleus

orbits

An electron in an orbit acquires the energy of the
orbit of residence.

Energy of orbits increases with the radius.

Asagenerd principle, attractions lower enerqgy
and repulsion increase energy.

The most stable ‘state’ of any system is when the
energy of the systemisat it’s lowest.

Energy of the electron in a Bohr orbit n;

E,=-R, (nlzj n=1234,..

R, =2.18x10™J  :Rydberg constant

roan 1 =radius of then™ orbit

n



Enengy ——=

= Principal quartbum numbsar, n

Asagenerd principle, attractions lower enerqgy
and repulsion increase energy.

The most stable ‘state’ of any system is when the
energy of the systemisat it’s lowest.

Energy associated with electronic transitions AE
for H atom.

hv,

AE = 2178><1018J[ 21 fj
inal ninitial

Energy of the orbit closest to the nucleusis the
lowest.

Energy increases with n.

The electrons closest to the nucleus are the most
attracted, attraction diminishes as orbital becomes
larger.

— H atom;
- 1- electron system,
lowest energy state

ground state

J H; higher energy states
excited states

Transitions of €lectrons can occur between
alowed energy states only.

Show electron transitions
l l (i.e., movement of electrons
¥ between energy levels).

1 = absorption of energy.
S | = emission of energy.

Lot
e
ke

©2012 by W. W.
Norton & Company
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Emission spectrum of H

Absorphion spectrum of H

Energy—
= Prinzipal quantum rumber, n — = "2

Transition from lower energy orbit to
higher energy orbit; demand (absorb) energy.

Transition from higher energy orbit to
lower energy orbit; loses (emit) energy.

Truefor al systems (including atoms).

Energy of transition (H like) between
n; and n; and associated frequency;

E,-E =AE=hm
pofl 1
h{n n?
% = <« Balmer formula C!!!

0 S )
m =

|
|

Electronic States

* Energy Level:
» An allowed energy state that an electron can
occupy in an atom.
e Ground State:

» Lowest energy level available to an electron
in an atom.

» Excited State:
* Any energy state above the ground state.

©2012 by W. W.
Norton & Company

The energy absorbed/emitted is exactly equal
to the energy difference between the orbit
energies.

E,—E =AE=hn

During the electron transitions, photons
of appropriate energy is absorbed/emitted.

n<n; absorption of photons (energy)
v>0

n>n; emission of photons (energy)
v<0

:

1

2

*N\H

v= (3.2881>< 10° sl)[

% =(1.0097 %1072 nnY [12

W\.-\
—



— Absorption of energy (photons)

S

P
\~ \
'R

Energy —»

excited
states

Emission of energy (photons)

Energy of each orbit is discrete (quantized).
Therefore their energy differences are quantized.
Transitions are associated with photons of frequency
v with equal to the energy difference.

E,—E =AE=hn

Emission spectrum of H

Tialmer
SCries

AT

Veaveleasth (am

Infrared Visithie

Ly sevies

o

1216
1026

Ulcavinler

All energy levels of any atom are of definite
energies, Quantization of energy levelg/states.

Bohr theory is followed perfectly by H like
speciesonly!! H, He*, Li*2, Be* etc.

w

_fi: ik
A | [“ |2 Balmer series
[ visible region
5| L—— Lyman Series
£
E
-Au 1

The Bohr Model

Electronsin H atoms:

Occupy discrete energy levelsand exist only in
the available energy levels.

May move between energy levels by either
absorbing or emitting energy.

Energy levels designated by a specific value for n
(principa quantum number).

Difference between energy levels (AE):

AE= —2178><10’18J( 1 —21]
inal r'|ini'[ia\l

12 by W. W Norton & Company

Beyond the Bohr Model

Bohr theory considers electron to be a charged
particle.

Electron has particle properties - true.
Moving electrons has wave properties as well.
The electrons must be treated as entities exhibiting

both particle properties and wave properties to
arrive at aredlistic picture of the atomic ‘system’.



Wave-particle duality:

All matter are associated with awave.

Therefore all matter/parti cles/masses will have
wave length.

De Broglie matter waves - | ; (De Broglie wave length).

mv

Electrons:

L h=6.63x10*Js
mv

m, =9.11x10 kg
v, =5.97x10°
S
| =1.22x10°m=0.122nm

| compares to the size of atoms!

Heisenberg’s Uncertainty Principle:

The simultaneous exact determination of position
and momentum (vel ocity) of sub atomic particles
isimpossible.

Thereis an uncertainty in the position of the
electronsin an atom.

Bohr atom - position very precise, on the surface
of a sphere - orbits (major drawback!!).

The wave length of a matter wave isinversely
proportional to it’s momentum, mv.

So particles with large masses will have very
small | values.

So particles with very small masses will have very
large! values.

Moving electrons are associated with | values
comparabl e to the atom size.

Matter waves come into prominence only
for subatomic particles not macroscopic
particles.

Wave properties are significant at atomic level.

Wave mechanics: incorporates the wave -
particle duality of subatomic particles into the
theory of atoms.

The picture of the atom changes from spaces
like spherical orbits of well defined radii
to amore diffuse, cloud like spaces.



Cross-sections:

Bohr orbits —

WM shells

Onesorbital in each shell.

nodes

Elason ditrleation 14287

secke gt
Norton & Company

Quantum Numbers

Wave mechanics: each shell identified by the
principal guantum number n. (n=1,2,3,...)
~ Bohr orbits.

| Quantum Numbers of the Orbitals in the First Four Shells
Value of 1 Allowed  Subshell Allowed Mumber of Orbitals in:

Value of Label Values of i, Subshell Shell
Each shell is made up of sub-shells, identified i E : IL: : ‘
by a quantum number |, azimuthal quantum number. 1 4 10,11 3 4
1=0,1,.(n-2) g : 041 ;
z { --2_.—1iD: +1,+2 5 )
Each sub-shell is made up of orhitals, identified by a ! 2 ; S 1
quantum number m,, magnetic quantum number. 3 SN Ko SN =
m=l, (I-1), O, -I -
©2012 by W. W.
Norton & Company
n m
skl subehell Crbaral
: ENETEY Sub-shell designation: number |etter
n | =

1
WN RO

s
pl
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S Each sub-shell

= - [ . hasaunique

= ‘ oy designation



For agiven shell, n:

The total number of orbitals = n?

For agiven sub-shell, I:

Total number of orbitals=2 + 1

ahzll subehell Urbaeal

Each orbital

= | [ hasaunique
C . i ) designation
Alternative designation of shells

Hydrogen atom orbital energy diagram

=

0

n=23

A= an ad
n-7

25 =g \

Note: dl orbitalsina

Energy

given n are of equal energy.

«-1_  Such orbitals are said to be
s DEGENERATE

Orbital designation: number |etter

number

shell=pgn  subshell m ;e
eg. 2p . —

An electron in an orbital is assigned the relevant n,
[, and m, value.

Orbitals are the spaces where electrons
can reside in an atom.***

Energies of orbitals are quantized.

Energetically; 1s<2s=2p<3s=3p=3d< 4s=4p=4d=4f<..

Hydrogen ground state: 1s orbital occupied.
Excited state: any other orbital occupied

Orbitals have well defined shapes.



s orbital (electrons diffused in space) ;‘fezrf;}a;;‘ea sub-shell, collectively formsa

The orbitalsin asub-shell, collectively forms a
herical ,
spherte 2 space The quantum numbers gives us information:

n average energy, radius of the shell; both
increases with n

| shape of the sub-shell

m, orientation of the orbital in 3-dimension

The electronsin orbitals away from the

Multi-electron atoms: nucleus are less attracted to the nucleus due to;
Repulsion between electrons and the unequal a increased average distance of the electron from
attraction of the nucleus and different sets of the nucleus

electrons changes the energy order from that of H.

b. screening (S) of outer electrons by inner ones
such electrons feel alesser positive charge
of thenucleus, Z4=27-S.



For shells Z 4 decreases with increasing n.

For sub-shellsin a shell Z4; decreases with
increasing |; s more attracted than p, ...d...f...

Energetically; 1s<2s<2p<3s<3p<4s<3d<4p<..
Energy of the sub-shellsin ashell are equal,

i.e. energywise; np, = np, = np, and

nd,, = nd,, = nd,, = nd,, = nd,,.,, ...

Spin: A unigue property of electrons:

Eaam of

.
Bzam colleclor Megrisl

P An electron can spin

in only two directions.

An electron in an orbital is assigned the
relevant n, |, m; and m, value. 4 quantum numbers

ahzll subehell Urbaeal

Multi-€lectron atoms €l ectron enerqgy diagram:

Energy
15<2s<2p<3s<3p<4s<3d<...

Linermy ——

Average size increases

Orbitalsin asub-shell are
degenerate (equal in energy)

Anti-clockwise
m, = +1/2

) Clockwise
m,=-1/2

Spin quantum
number, m

Note: m, can take only two values, +1/2.

Hydrogen atom orbital energy diagram

P d

n=23

Energy

Note: dl orbitalsina
given n are of equal energy.

«-1_ Such orbitals are said to be
s DEGENERATE



M ulti-electron atoms €l ectron energy diagram:

Energy
15<25<2p<3s<3p<4s<3d<...

Linermy ——

Average size increases

Orbitalsin a sub-shell are
degenerate

Follow the rules given below:

1. Pauli Principle: No two electronsin an atom

can have the same set of four quantum numbers.
Result: maximum # electronsin a orbital = 2,
with electrons having opposite spins.

2. Aufbau Build-up Principle: Init’s most stable
state the electrons occupy the lowest energy levels.

Result: Electronsfill orbitals from bottom up
the energy ladder.

3d HiE

4s

HiEn
NN

3p
3s

2p
2s

O O O O

1s

Orbital occupation; Electron configuration of

multi-electron systems. Ground state.
/B/start
N 6p-..
7

5f 5h

Sub shell filling order.
Aufbau filling order;
ground state.

3. Hunds Rule: For degenerate orbitals the lowest
energy (most stable/ground state) is when the
spin is maximized.

Result: Degenerate orbitalsfill singly first
and then pair up.

Electron configuration:

Electron occupation representation.

eg Li- 1s?2s!

short for@ (inert gas notation)
[closest preceding inert gas] rest



Electron Shells and Orbitals

Electron Configurations:
= Orbitals with the exact same energy are

Electzin Clozidensed
degenerate. Orbital Disgrnn Confisueation. | Configursticn

= Coreedlectrons are the electronsin thefilled, b =
: : R R o
inner shells and lessin an atom and they are /[He]
not involved in chemical reactions. w 4 [ I
= Valence electrons are the electronsin the uo @ M LI L
outermost shell of an atom and they have the g 1 1] 1722 [He]22
most influence on the atom’s chemical .
. -noble gas notation-
behavior.
Electron Configurations: Electron Configurations:
Electron Clondensed
Bt s l Orbzitul Diwgnon Configuration Configuration
Ovrbival Diwgnon Configuration Configuration & 2 R
e 1 A q | 17282 [He]2za!
B 17222 [He]222g" c M [ 152225 [He]2226
C 1#242p |He 242 N I‘ lI 15272 [He|252p"
N 1829y [Heliap o 1 [1] AT 17262 [TTe)2e2s'
¥ 1 (1] 10 182024 [Hel2é2p*
Ne 1 TTE 1727200 [He]2728° - [Ne]
Hund’s Rulefor filling of degenerate orbitals. Pairing of electrons until orbitalsM
Electron Configurations of the Fourth Period
_AAn Periodic Table: s, p, and d Blocks
K 1522522p53s23p°4st  or [Ar]4st s block
1 18
Ca  15929208353p4s?  or [Ar]4? [ pblock .-
> 2 13 .
Sc 1225220832364t or [Ar]4s?3dt ) i B :
Ti  15°2522p035%3p04s?3d? or [Af4s3d®  Note: the 3;@'-‘?5 d block
Vo 12082p53s2300483d} or [Ar]4e?3d®  deviations | EREERRERCE

4 K Ca S Ti| ¥V Ce Ma Fe|Col Ni Cu
a4, 1

046 ( B T B S ) E.
Cr 17282p°35°3p 4 or [A dason - g Rb Sr ¥ Zr Nh Ma Tn:})ﬁln RI-| P-IIJ\.;

Mn  1s22522pf3s?3p84s23dP or [Ar]4g?3d5 |4 == e
. 4,0 Balla| HE Ta W Re Oc It Pt Au

[ i |
cu 1szzszzp63s23p6 or [Ar 7 e se LA Db e My Jn | | De by

©2012 by W W. Norton & Company ©2012 by W. . Norton & Company




Periodic table arranged based on electron
configurations.

The valence electron configuration is similar for
elementsin a given group.

The main reason why the properties of elements
inagroup are similar.

Down a group (period to period) a higher shell (n)

fills. But sametype of shell and filling in al cases.

H 1st

Li [He] 28t
Na[Neg] 3st
K [ATr] 4st

|
0
|
- PO B
Franstignattetenents)
+
&l

! ! I
Tnife firahsi fonel diements |
] o

= Hepresenlabve s-block
wEments

Transifion metals 2] #okack melals

B Fepresentative o-block
clements

Across a given period (group to group) the outer
shell fills from left to right.

Li Be B C
[Hel 288 [Hel 28 [He] 282 2pt [He] 2s°2p?

-noble gas notation/condensed configuration-

Transitiona € ements:
Inner d sub-shellsfills.
(n-1)d filled after ns and before np.

Inner transitional el ements.

Inner f sub-shellsfills

partial filling of upper d and s complicates the
order of filling.

lon electron configurations:

sand p block - electrons are added or taken off to
attain noble gas configuration.

Metals lose electrons.
Nonmetals gain electrons.

Species with identical el ectron configurations are
termed iso-€electronic.

Note: valence shell n = period #
Valence shell configuration same
for elementsin a period.



lon electron configurations:

transition metals - ns electrons removed before any
(n-1)d electrons are removed, usually.

Fe —» Fe”+2e
[Ar]3d®4s? — [Ar]3d°

Fe —» Fe™+3e
[Ar]3d%4s? — [Ar]3d®

M agnetism:

Species with unpaired electrons exhibit magnetism
(paramagnetic species), such species interact with
magnetic fields when encountered. Unpaired spins
acts as tiny magnets.

Fe [Ar]3d%s?

4 unpaired e
Fe2 [Ar]3d® e

Fe*® [Ar]3d® 5 unpaired e

Periodic Table of Elements

http:/A infopl i i iodic-table.html

Orbital Diagram:
A representation of electron occupation in orbit

(shows spin orientation)
S 1? 2< 2p8 3s? 3p?

A R A ) (] [

S 152252p

3 3p?
[wmnhm

Si [Ne] | 3<% 3p?

Magnetism:

A spinning electron is like a magnet.
If two electrons spin in opposite directions, no
net spin (Magnetism).

Species with all paired electrons exhibit no
magnetism (diamagnetic species).

Ferromagnetics: substances with permanent
magnetism. Clustering of atoms (domains) with
unpaired electrons with parallel alignment.

Main Group Elements
sand p blocks

http:/A infopl i i iodic-table.html




Exceptions to Rule (anomalies):

29 Cu [Ar] 4s?3d° «—expected [Ar] 4st3d

47 Ag [Kr] 55?4d° [Kr] 5s4d°
Cr

In stability: completely filled subshells >

half filled subshells> partialy filled subshells

Reason: symmetrical systems are more stable
than unsymmetrical systems. And the closeness of
energy in higher levels makes it energetically
favorable.

|s0-€l ectronic Atoms/lons

Main group el ements form ions by gain/loss of
€ needed to obtain noble gas configuration:

e Mg - Mg® +2e =[N¢
«0+2 - 0> =[Ng

Atoms/lons that have identical electron
configurations are called isoelectronic:

» Na, Mg?*, 0%, F-, Ne = 1s22s?2p5
K+, Cl-, Ca2*, Ar = 1522522635238

2012 by W. W. Norton & Company

Periodic Properties of Elements

1. Electronic configuration:

[core electrons] valence electrons

eg. K [Ar] 4st

Electron Configurations: lons

Formation of lons:

Gain/loss of valence electrons to achieve stable
electron configuration (filled shells, Noble gas/inert
gas configuration [ ] —in general, ns? npb).

Cations:
Na(g) - Na'(g) + e
[Hel3st — [He] + e
Anions:
Cl(g) +e - Cl(g)
[N€]3s?3p® + & - [Ne]3s23ps = [Ar]

012 by W. W Norton & Company

Cations of Transition Metals

Transition Metal Cations:

Loss of valence eectrons (s) and, in some
cases, d electrons to achieve stable
configurations:

* Fe [Ar]4s23d8

o Fe2': [Ar]4523d6 = [Ar]3d° (loss of valence e")

* Fe* [Ar]3d®= [Ar]3c®  (loss of one 3d = half-

filled d subshell!)

2012 by W. W. Norton & Company

Elements in the same group (column) contain the
same number of electronsin same type of orbitals
in the outer most shell (valence shell); so the
behave chemically similar.

H 1st

Li [He] 25
Na[Ng] 3st
K [Ar] 4s!

The differences between them are the differencein
outer most shells.



Group 8A (IUPAC 18) - inert gases highly
un-reactive.

Property attributed the extra stability of fully
filled shells. onfiguration.

2. Atom Radius:

The distance from the nucleus to the edge of the

of the sity, i.e. to the edge of
the@uter most filled shellXorbital).

Sizes of Atom</lons

Covalent Radius of Atoms:

« Calculated based on distances between nuclei
bonded together in molecules.

« For diatomic molecules, equal to covalent radius
(one-half the distance between nuclei X.,).

 For metals, equal to metallic radius (one-half the
distance between nuclei in metal lattice).

e Forions, ionicradius..
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Electronically, there are differences and similarities
between atoms from the same group.

Electronic structure forms the basis for the
similarities and differences (inequalities) of the
properties of the elements in the same group.

Electronic structure provides an explanation for the
gradual variation of similar properties down a group.

Facts (atoms/ions):

With Z increase, positive charge in the nucleus
increases.

The shell size increases with n.

Inner shell electrons “shield” (screens) outer
electrons.

Screening (S) increases with the increase of the
number of core electrons. Zy = Z -S.

Atomic, Metallic, lonic Radii
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Atom Radiusin a group;

eg.
H 1st

Li [He] 2st
Na[Ng] 3s
K [Ar] 4st

increases down the group (with increasing 2),
because a new higher n (larger radius) level
gets occupied and screening increases.

Atom Radiusin a period;

e.g. period 2
Li [He] 2st
Be [He] 28?

B [He] 2522pt
C [He] 2522p?

decreases across the period (with increasing Z),
because a same n level gets occupied but the
nuclear charge Z increases, screening the same.

Cation (positive) ion radius:

In positive ions the number of electrons
are less than the protons.

Thus electron cloud shrinks, reducing theion
radius with respect to atom radius.

If the valence shell is emptied, the resulting ions
radius shrinkage is very pronounced.

Atom Radius in a group;

0.3
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E ——t g
®= 02 = Sr__Ba
B Group My g
£ 2 Ma
G Group
R 1A Ee
£ 0.
®
g
E
=]
<
AW r
1 2 a 4 5 [ [
Fow of periodlic wable
lonic Radius:

The distance from the nucleus to the edge of the
of theion electron density.

Cations;

* Loss of electrons from valence shell orbitals,
decrease in radius compared to atom.

Anions;

« Gain of electronsin valence shell orbitals,
increase in radius compared to atom.

Covalent radius
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Li [He] 2st
Be [He 282
B [He] 2s22pt

0.3

lonic radius
W \ |
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Covalent racius
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Radius {nm

2 3 4 5
HAow of Pariadic Tabla

Radii of Atoms and lons
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Anion (negative) ion radius:

In negative ions the number of electrons
are higher than that of protons, inter-electronic
repulsion rises.

Electron cloud expands, increasing the ion
radius with respect to atom radius.

Electrons fills up to completion of outer shell
(to get ns?np® configuration).

Anion (negative) ion radius:

Down agroup ion sizeinc. as r;,, (and n) increases
and Z remains ~constant.

Along a period (among nonmetals), same charge
-ve ion radius decreases because Z ; increases.

3. lonization Energy

Some elementsin their reactions give up and
some accept electrons to form ions.

Thus the energy involved in such processesis
of significance in chemistry.

Ease of the above processes favors the reactions
occurring with such electron switching.

The easiest €l ectrons to remove are in the valence
shell (furthest from nucleus).



lonization energy (IE) isthe energ

to remove el ectrons from an atom/ion.

First ionization energy (1I,) isthe IE involving
thefirst electron asin;

M(g) ->M* (g +e(@ I, AE>0

Second ionization energy (1) isthe IE involving
the second electron asin;

M*(@) —» M*(g)+e(g |, AE>0

2300 He

. First|IE, three periods

2000

1500

1000

Energy (kJ/macl)

a0

0 2 4 6 €& 10 12 14 16 1€ 20
Atomic number

The ionization energy decreases down a group,
fromtop to bottom, because

Z4 = (Z - S) no significant change down a group;
as Z increases, Sincreases as well.

Valence shell n (distance to the nucleus) increases.

Valence shell electrons less attracted to the nucleus
from top to bottom of a group.

Thisis aprocess demanding energy because €'s
are attracted to the nucleus.

Thus strongly attracted electrons are harder to
remove to give positiveions.

Factors:
|E dependson are Z, r (~n), elect. conf.

Larger Zy, smaller r (~smaller n) and stable
elect. conf.; increases |E.

The ionization energy increases along a period,
fromleft to right, because

Z4 = Z - Sincreases; Z increases, S remains constant.
Valence shell nisthe same.

Vaence shell electrons more attracted to the nucleus
fromL to R.

2300 He

2000
[|e
-
N

1500

Ar

Energy (kJ/mel)
Tw
e
=
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1000 - -
; Mg /. S

a0

0 2 4 6 €& 10 12 14 16 1€ 20
Atomic number



Other ionization energies of an atom.
I, <l,<l;<l1,<...ingenera

I, onwards involve removing an electron from
already positive species, renders difficult, hence ...

A step removing el ectron from alower (n) shell
is extraordinarily difficult. Reasons - extra stability
of configuration of core electrons and lower r;,.

And decreased S factor makes (Z — S) large making
core electrons strongly attracted to nucleus..

4. Electron Affinity (EA): isthe ener

when an a species capture an electron.

First EA isthe EA involving the first electron asin;
A(g) +e(9) > A(9) EA, AE<O

Second EA isthe EA involving the second
electron is less negative than EA ;;

A (g) +e(9) > AXg) EA,

Periodic Trends of (1%) EA

1A A4
(1 (18)
| H | 2a A 44 54 eA TA | He |
726 | (@ (3 (14 s (18 A7 |’
I L | Be s [Fev e e s
_—3‘),6 E1 —26.7 | =122 +7 | =141 | —dum | (429
Na | Mg als [ s lala
~528 | =0 -42.5 [ 134 | =720 | -200 | =249 | (+35)"
K Ca Ga I Ge As Se Br K_r.
—4Hd | =i =284 | =11% | =782 [ =195 | =325 | (+39)
Eb Sr In Sn Sh Te ik X
—46.9 [ =5} 244 | =107 | =103 [ =13 | =295 | (+41 )x
Cs | Ba 1 | Pa | Bi | Po | Ac | Ra
—45.5 | =14 =192 ;—35.2 —AL3 =1B33 =270 (+41)

“Caleulered values.

e oron & Company

Succesive Values of lonization Energies, [, for the Elements Sodium Through

Argon (kdimol)
496 |4580
738 1450|7730
573 1820 2750 11,600
786 1580 3230 4360  [16,000
1ci2 1900 2910 4960 8270 |22.200
1000 2250 3360 4560 7010 B500 27,100
1251 2300 3820 5160 5540 2450 11,100
1521 2B/0 3930 5770 7240 5780 12,000
I I, Na* not formed.
T T

Electron being added is attracted to the nucleus.

Attractions leads to stability.

Attractions release energy.

The resulting ‘product’ is of lower energy.
Processes involving high energy releases
are favored to happen (spontaneously).

Larger Z, smaller r, smaller nand
stable elect. conf. attainment increases the
magnitude of EA.

First EA.

In a group magnitude of EA drops from top to
bottom; larger r, larger n (elect. conf. & Z, are
same) decreases the magnitude of EA.

In a period magnitude of EA rises from left to right.
Larger Z, smaller r (~n) increases the magnitude

of EA-

Higher the electron affinity more stable
theion formed.



Halogens have large EA values.

Cl(g) + e(g) > Cl(q) -349 kJ/mol
Ar(g) + e(g) @) + value, do not occur easily;
why?

Metals are reluctant to accept electrons. Why?
5A elements (N, P etc) are not that eager to accept
electrons forming isolated ions. Why?

Electron filling into atoms of nonmetals proceed
toward attainment of inert gas conf. within limits.



