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FEATURES OF M.O.T.
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The Molecular Orbital Theory, initially
developed by Robert S. Mullikan,
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This Theory Incorporates the wave like

characteristics of electrons in describing
bonding behavior.
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FEATURES OF M.O.T.
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In Molecular Orbital Theory, the bonding between
atoms is described as a combination of their
atomic orbitals.
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While the Valence Bond Theory and Lewis
Structures sufficiently explain simple models, the
Molecular Orbital Theory provides answers to more
complex questions.
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FEATURES OF M.O.T.
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In the Molecular Orbital Theory, the electrons
are delocalized.

Electrons are considered delocalized when
they are not assigned to a particular atom or
bond (as in the case with Lewis Structures).
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FEATURES OF M.O.T.
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nstead, the electrons are “smeared out” across
the molecule.
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The Molecular Orbital Theory allows one to predict
the distribution of electrons in a molecule which in

turn can help predict molecular properties such as
shape, magnetism, and Bond Order.

UAINA. SgRT golaeell &1 W 3] W
3‘TUT Ch C'7$ ?JTU'IT # '{'ld'lfra:f ﬁr {-lg', I
gicl & S T 3R, TFhed, STY S

3fe |




LCAO CONCEPT
(Tl IT T 3T YRPeYe )

Linear combinations of atomic orbitals (LCAO)
can be used to estimate the molecular orbitals
that are formed upon bonding between the
molecule's constituent atoms
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LCAO CONCEPT
(Tl IT T 3T YRPeYe )
For simple diatomic molecules, the wave

functions obtained are represented

mathematlcally by the equations
V= cua + ol
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LCAO CONCEPT
(Tl IT T 3T YRPeYe )

where and are the molecular wave functions
for the bonding and anti bonding molecular
orbitals, respectively, and are the atomic
wave functions from atoms a and Db,
respectively, and are adjustable coefficients
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BONDING M.O. SefiT TH.31.
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Bonding MOs:

Bonding interactions between atomic orbitals
are constructive (in-phase) interactions.
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Bonding MOs are lower in energy than the
atomic orbitals that combine to produce them.
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ANTIBONDING MOS
(I ST TH.31.)

Anti bonding interactions between atomic orbitals
are destructive (out-of-phase) interactions, with
a nodal plane where the wave function of the anti
bonding orbital is zero between the two interacting

atoms.
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Anti bonding MOs are higher in energy than the
atomlc orbltals that combine to produce them.
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NONBONDING MOS
(AT TH,3M)

Nonbonding MOs are the result of no interaction
between atomic orbitals because of lack of
Compatlble sym metries. ’
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Nonbondmg |\/|OS wiII have the same energy as the
atomic orbitals of one of the atoms In the

molecule
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Niolecular orbitals from 2 atomic orbatals

= swmo s cebatnde groe TIee to Both 2 saedd X tupe
modecndow cabirtals Thie s oo onvestogs
cevim s Botov ccns thae .F‘M

- e~

22, 2p,
x *
2o, 2P
& - =i
= 2Py
S~ -
aboctase oo baatals Sone maoleculns oabasnal e

Tov o attes et arcles




MO DIAGRAM (U&.31T. 3R )
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BOND ORDERS AND STABILITY OF MOLECULES
(FY FIfC TT IHIT FT TYTAT )

Bond Order indicates the strength of the

bond with the greater the bond order, the
stronger the bond.

Bond Order=1/2(a—Db)
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BOND ORDERS AND STABILITY OF MOLECULES
(FY FIfC TT IHIT FT TYTAT )

a is the number of electrons in bonding
molecular orbitals and

b is the number of electrons in antibondng
molecular orbitals.
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BOND ORDERS AND STABILITY OF MOLECULES
(FY FIfC TT IHIT FT TYTAT )

If the bond order is zero, then no bonds are
produced and the molecule is not stable (for

example He2). ’
uﬁwﬁ%%mﬁﬁad & ALY HIg a9
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If the Bond Order is 1, then it is a single covalent
bond.
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BOND ORDERS AND STABILITY OF MOLECULES
(FY FIfC TT IHIT FT TYTAT )

The higher the Bond Order, the more stable the
molecule is.
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An advantage of Molecular Orbital Theory when it comes
to Bond Order is that it can more accurately describe
partial bonds (for example in H,", where the Bond
Order=1/2), than Lewis Structures.
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H2 MOLECULE (H2 3{07)
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H2 MOLECULE (H2 307)

The following symmetry adapted atomic orbitals do:
1s' - 18"

Antisymmetric combination: negated by reflection,
unchanged by other operations

(i FAfATY Foaet, uid aefi T TAL3m. ; 391 # 3ifts )

1s'+ 18"

Symmetric combination: unchanged by all symmetry operations

( FAAA oA, efig vA3. ; 39T A F7 )

The symmetric combination (called a bonding orbital) is

lower in energy than the Dbasis orbitals, and the

antisymmetric combination (called an antibonding orbital) is
higher
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OXYGEN MOLECULE (31TFEToleT 3107
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OXYGEN MOLECULE (3TaHIoTel 3707 )

Bond Order = (¥2)(10-6) = 2

S

The bond order Is two so the molecule Is stable.

There are two unpaired electrons, so molecule

IS paramagnetic.
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NEON MOLECULE (f37TeT 3707 )
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NEON MOLECULE (f37TeT 3707 )

Bond Order = (¥2)(10-10) = O

bond order is zero, so Ne, Is unstable.
diamagnetic
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NO MOLECULE (NO 3707)

Bond order (ST hifc)

= 15 (8-3)

= 2.5

Unpaired Electrons (3T Solerelel )
paramegnatic (3]sl )




CO MOLECULE (CO 3117)

Bond order (¢ ahITe)

=15 (8-

=3

2)

Diamagnetic
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MULTI CENTER ELECTRON DEFICIENT
COMPOUNDS
(5 Shogd Soldeled Sl Al dlel JIfeIs

|
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Three-center two-electron bonds are seen in many
boron compounds, such as diborane (B,Hyg).

The monomer BH; Is unstable since the boron
atom is only surrounded by six valence electrons,
and thus, to form a stable electron configuration
closer to an octet, shares electrons with a B—H
bond on another boron atom, forming a B—H-B 3-
center-2-electron bond.
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STRUCTURE OF DIBORANE
(ETs SR I FITT)

In diborane, there are two such bonds:
two H atoms bridge the two B atoms, leaving two additional H
atoms in ordinary B—H bonds on each B
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MULTI CENTER ELECTRON DEFICIENT
COMPOUNDS

This bonding pattern is also seen in trimethyl
aluminium, which forms a dimer Al,(CH;3)g with the
carbon atoms of two of the methyl groups in
bridging positions

JhX o &% trimethyl aluminium, p= E)IT-T
fSrE# gideleh Al,(CH,) EFrT?mﬁUTB’IT-IT%'

This type of bond also OCCUrs
In carbon compounds, where it Is sometimes
referred to as hyperconjugation; another name for
asymmetrical three-center two-electron bonds.
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PERCENTAGE IONIC CHARACTER
giaerd 3T ieieh 3TTHeTeToT

Dipole moment g =eXc

Ry T 1 =exc
% lonic Character ={( Mexn)/(Mtheoretical)}X100
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PERCENTAGE IONIC CHARACTER
giaerd 3T ieieh 3TTHeTeToT

The dipole moment of HBr is 2.60x10-30 and
the inter atomic spacing is 1.41. What is the

percentage ionic character of HBr?

Utheo = €lectron chargeXinteratomic spacing
= (1.6X10-19) C X (1.41X10-10)m
= 2.26X10-29Cm



PERCENTAGE IONIC CHARACTER
giaerd 3Mdieieh 3T HeTaToT

7% lonic character

gfaerd 3mafae fdAeeror
={( Mexp)/ (Mtheoretical)}X100
= [2.6X10-30][2.26X10-29]
= 0.12 or 12%




PERCENTAGE IONIC CHARACTER
giaerd 3Mdieieh 3T HeTaToT

More the electro negativity difference more will be
the ionic character in bond

31 faead RarcdHsar 3dy 31t 9fard
3afAs 3TAeeTor
Pauling explain the following relation
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Percentage lonic Character

gfara A 3fAereyor

7] 1‘8-0.25(X8-Xb)x 100




PERCENTAGE IONIC CHARACTER
giaerd 3Mdieieh 3T HeTaToT

59 FHUT & HF & forw gfaera 3mafas
TTACIETOT T HATT Y¥¥.¢2 3T § Sl
JrEdider AT ¥¥.¢ & Todohe g |

Hannay and Smith relation gl 31 BAY g3
Percentage lonic Character

gfaerd 3maferes 31fRAeretor
={16X(Xa-Xb)+3.5(Xa-Xb)2}X100




PERCENTAGE IONIC CHARACTER
giaerd 3Mdieieh 3T HeTaToT

On this basis if electro negativity difference is
1.7 bond will be 50% ionic.

3? IMUR R fdeTd ReATcHBAT HT HR
IfE 2.6 g ar a9 $o% 3ITATeTd B

If it is more bond will be more ionic and vice
versa
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Bond energy (E) is the measure of bond
strength in a chemical bond. It is the heat
required to break one mole of molecules into
their individual atoms.
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Average Bond energy
= heat of formation / no. of bonds in molecule

= energy required to break bonds into
atoms/no. of bonds in molecule
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FACTORS EFFECTING BOND ENERGY

No. of orbitals involved in overlapping with extent,

STIeT H HTIT oled dlel hehl J&IT U9
gHATOT

Nature of hybridization Th{ he&hl ol TATATT

Type of overlapping in orbitals &<l H
HATdcdTYed bl Yohl

Size of atoms involved in bonding ST&T H HTIT
olol dTel GRATUI3M T TR

Resonance energy 31o-|o-||q Fol
Electro negativity ﬁ'c'\'?IIFr ReITcHehd]




REFERENCES AND ACKNOWLEDGEMENTS

nttp://en.wikipedia.org/
nttps://www.google.com

Unified Chemistry; Shivlal Agarwal and
Company

Text book of Inorganic Chemistry; G.S. Manku

Inorganic Chemistry; K.N Upadhaya


http://en.wikipedia.org/
https://www.google.com/

Best Of Luck



Elementary Quantum Mechanics
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B.Sc. lll year Paper —| Unit -

Kishor Arora
Professor- Chemistry,
Govt. Postgraduate College, Datia ( M.P.) 475 661

forelt 3RRT

UTrEdqT9eh- IHMIA,

ATHATT TATAhRIAX HAGIASATA, GIaAT (H.9.)- BOSEES




Dalton’s Atomic Theory (Sccsl ] AT e )
 Atom is smallest indestructible particle ‘of matter.
» OTATY] UeTd & BIC & BleT AAHT HUT §

* |tisthe particle responsible for chemical reactions.

e g Ul fhdl T ohar & T 3caier
@l &

e Atoms of similar elements are same and that of
different elements are different.
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6 protons
+ & neutrons

Carbon atom




©9.1X1028 -1.602X101°
| ®(mass) (charge)

e 1.672X10%*  +1.602X1071°
e (mass) (charge)

¢ 1.6748X102%* 0.0
e (Mmass) (charge)




Planck’s Quantum Theory

(»mch Sl ATURT/ BEed)

»For frequency v, or for wavelength A,
Planckian radiation can be described thus

(v 39T T A T e & faw):

I 1 e 1
BH(T): " o BA(T):
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Bohr Atom Model (S1g7 TcH HiZoT)
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Bohr Atom Model (818 TeH HISH)

. I3 W $<>\|c|*§,|o-| Radius of electron :-

ﬁ?
T =

— 2
k.e‘m,.

~ 529 % 10 "m

* Energy of Electron (so\ic'glo-l T 501‘[):-

Zke*  Z*(ke?)'m. N ~13.62*
Y W2 T p?

E= eV

* Velocity of Electron ($<3|¢§|d hl a?T):-
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Rydberg’s Formula (ﬁ?@?‘r SED)

1 1
T e
1 1 1
il ).
'J"‘ ’.i"_.!.f T3
n=17
n=b6
n=5
n=4 Yrwy
l Brackett Series
n=3 wwwvy E(n)to E(n=4)
l Paschen Series
n=2 yYYyv E(n) to E(n=3)

Balmer Series
E(n) to E{(n=2)

n—1 —YYVYVVY

Lyman Series




Distance

Ampitude

A — MNMNaxirmuarm Aamiplitud e
2. = wwaveelength




Ampitude

A — MMaxirmuarm Arnmaiplitud e

. = waavlemngth

*{ C=vA

*{ E=hv

___ ___ ___

*{ E=hc/A




De Broglie’s idea




De Broglie’s equation

(& STl T HHIHIOT)

Einstein's eq. ( HIS?-_C?IH{- HIRIOT).: E=mc?
Plank's eq. (Celleh HHIRIUT): E=hv

or (37AdT) E=hc/A
Equating both... (cﬂdT gHIAIU] '\’3')
hc/A=mc?
thus (37d:),
A=h/mc = A=h/p»

or (37[dT)
A=h/mv= A=h/pe
o demevmeryqummmedencs




Heisenberg’s Uncertainity Principle

(83 1 AT T
Aer=q)

* In his celebrated 1927 ‘paper, Heisenberg established this
expression as the minimum amount of unavoidable
momentum disturbance caused by any position measurement

(3% H Yol Ueh MY IF H UG cdkT_{AIT #
dafed fAgeed & IR #H aar a7 o 1 Fufa &
HATYeT o FHROT 8l ),

AxAp =2 h (1)

* but he did not give a precise definition for the uncertainties Ax
and Ap

(et 3oTh gaRTAX 3R Ap & IR #H g 8 THh
qRHTT 6 & TS )

= * In his Chicago lecture he refined his prmuple

(319aT TAFEN & SIEIT H 3o T Jg TAeed 9
YR G ﬁw‘%w
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Orbit and Orbital

* ORBIT

(P& TF HaIHh)

1. It is well-defined circular path followed by

electron around nucleus.

Ig Teh FARTd IR 9Y & FH W

§d¢C|o1 AR o IRT 3R ATAAE g

2. It represents two dimensional motion of
eIectron around nucleus.
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Orbit and Orbital (&7 UG &Haleh)

ORBIT

3. The maximum no. of electrons in an orbit is

AN

Uah el H AT8ahdF

CTel GEAT 2n2 Bl

Sele

4. Orbit is circular in shape.

$&T JATHR Bd &




Orbit and Orbital (&7 UG &Haleh)

ORBITAL

1.1t is a region of space around the nucleus where
the probability of finding an electron is
maximum.

ATTAG o IR 3R 3‘5' & %3%?

g_oicl*gd h UIT ST shl GiRehdT 318 gidn

2. It represents three dimensional motion of
electron around nucleus.

soicrcm &l AMTAG & IRI IR [ATaHT a1fa
I CRATAT &




Orbit and Orbital (&7 UG &Haleh)

* ORBITAL
3. The maximum no. of electrons in an orbital is

2.
N

=

ch hé&ic
2 gl §

AN

3T8e

Jela

SoldFcle] ©

4. Orbitals have different shapes.
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Schrodinger Equation

Pt ule) + V() = Bl




Schrodinger Equation (Derivation)

(A AT Feqid)

e We start with the one-dimensional classical
wave equation, Id{{- Hd AT &
Y Ueh QAT e TARIOT g

<% 2 1 &%

. Oy . we ol . :
e By introducing the wave function dJ{Jl THheldd

olel UY
u(z,t) = ¥(z)f(t)

e we obtain 6’33 STt ST?IT

D) o Ly LI




Schrodinger Equation (Derivation)
(AT FHIHIOT OZIJCCIi?I)

If we introduce one of the standard wave

equation solutions for /i such as et

gfe T GHROT juepT Al goT et T
S dr

Pop(z) —w? ]
dz2 v2

Now we have an ordinary differential equation describing the

spatial amplitude of the matter wave as a function of

positionTg Teh FTHURUT 3Tdehel GHINIUT & ol FaH &
T & amplitude F AT & Holel § TG T




Schrodinger Equation (Derivation)

(A AT Feqid)

* The energy of a particle is the sum of kinetic
and potential parts hel Foll ITdel U

EATaST SoiT &7 ITeT gafr

= - P ()

2rre

By

e which can be solved for the momentum, p, to
obtain TST9d a9l D & foIT ool P_JT oIl
N\ q”dl %-

p = {2m[E — V()] }'/2




Schrodinger Equation (Derivation)
(AT FHIHIOT an('qi?‘l)

* we can use the de Broglie formula to get an

expression for the wavelength 88 ¢l §lldall
T HT 39T T AT SET TH TR

gTcd & %c;;d\ g
}I,,:—:

h
{2m[E — V(z)]}}/
* The term «*/»> in one of the above equation
can be rewritten in terms of A 30lard H &
Uch HHIGIUT H U «*/»* Gel: A oh UG H

3 SR}




Schrodinger Equation (Derivation)

(A AT Feqid)

2 B 4?4l _ 2m[E — V(z)]

7 =

1..-:2 _ }‘E o hE

o Sinceﬁ’ﬁ? W=210 gnd 3T wh=u

 When this result i s substituted into dlfferentlal
equation sid 3URIFd ol 3Tdehol ANV
H gfaeamad fhar Sy we get an
equation 6’33 Uch HHIRIUT 9Tcd ?I?]T
d*(z)

7

v

dzr? +rﬁ




Schrodinger Equation (Derivation)

(A AT Feqid)

i d(z)
2m dz?

* [t is one dimensional time independent
Schrodinger equation Ig T faHiT gad

TIdT Afcadk GHIRIOT &
* Writing three dlmen5|onal equation in suitable
form BRTaHT FHIHIUT Th :N!flc'cl AhIX

a orEd LN
— Yep(r) = Enp(r)

+V(2)(z) = By(a)




Applications of Schrodinger Equation

(ANfeaR FHIRIOT & FeTA1eT)
. Understandmg behavior of micro partlcles
(F&TH UM & PdgR hl AT H )
* Estimating energy and wave function for such

particles (08 EFUfT & [T FAT Td d3@

oled 3Td el H)

e Estimation of translation motion of

elementary partlcle in space \EIGE: H T Ntk

HUT hI TATATART IMMd o [TUROT H)




Applications of Schrodinger Equation

(AN FHAPIOT & HeTTANeT)

* Clarification of atomic and molecul

ar structure

(GXATTOG TG 3TUTIdeh Il
TISEHIOT H )

%

* Analysis of molecular motions RIIGED It

& Ta2evurT &)

* Ascertaining translational motion of an

eIementary particle (3-Id<|ch|QT H

& TAATTRT ITd & FeRor A

TohaTheT

)




Wave Function
(AT Fote)

n - A wave function or wavefunction (also

named a state function) in quantum

P &—-\—‘ mechanics describes the quantum

state of a particle and how it behaves.

c D (W dT Bl UGl NTEAT Bl

N N FaieHd JiAA HA Hor A FaieH
Y, HGEAT HT IT F9eN HT ATl ?)

JAVTAN /J AN It is afunction of space and time
Y, (I% RRT w9 a9 F1 wad )

AV, The most common symbols for a
‘ wave function are ¢ or W

(9 wHead ¢ fAsw & gGRlad
FNd &)



http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_mechanics
http://en.wikipedia.org/wiki/Quantum_state
http://en.wikipedia.org/wiki/Quantum_state
http://en.wikipedia.org/wiki/Quantum_state
http://en.wikipedia.org/wiki/Function_(mathematics)

Wave Function
(LT Boled)
» Wave function can be expressed as (3T
Golel ceFd [hdT ST GohdT 8):-
s, D
* Shi square is significant instead of shi (Qﬂé =D
Tl Y Qﬂé ‘;h Cldi- chl Hgcd %’):_

"Ik

Re['F(x)] |#ea|s RelPid) | _ I_ﬁ_.|~|f(x:||2

|ZENY




Wave Function
(AT Peldd)

* Y must be single valued, finite and
continuous
— Y Uehdl HAl dlell , ATYel AT T ddd

glel AMMeT

— That is why W =tan x is not at all physically
significant.

— AT SROT q 9J=tanx3ﬁf?lqo ¥ O Agcd
drell Bolel ool &




Wave Function
(AT Peldd)

» Normalized wave function (THHTATZehd
AT Wheld):-

[ dx |9z, =1,

* Orthogonal Wave function (3—ﬁ?ﬂdl\lo-|o1

TFIDPIAT AT Bolod)




Wave Function

(LT Boled)
o o |
AN /N
- —
\f\ PAVAN
N J‘f\




Eigen Function (T3l Tolo)

* Eigen Equation (k’sd\lo-l THTHIOT)

Af = Af

Df = ﬁf

» Vibrating String (9T hid TECIT )
*h 6‘2.-'1

_E'—

o2 dx?’




H-Atom( H-CR?:ITUI)
» Schrodinger equation (H1T¢3IT HHIHIUT):-

2 e?
E = —— 2 - -
S 2“'? 0 pp= 0

el

* Where (ST81):- ;.-,zm”'jfl

* Wave function (didl holal):-

Uf0)= )l 0.0)= Rlr6ifleto)




Wave Function for H-Atom
(H - CRTH'UE hl LT ol )

Ry

/ o
/ ,_:*4‘ e
P -~

x

The three spherncal
coordinates are associaled
with the three spatial
qQuantum Nnumbers.




H-Atom( H-G{HTUT)

* Wave Function (didl holol):-

Gnem(1, 8, 6) = J () =D e (2Y farsa (20 ymge, g

nag/ 2n[(n+ £)]] ndg nagy
* Where (S181):-
Aw=nfi?
“o o e SR

(Bohr Radius &Y T3=a)




Hydrogen Wave Function

Probability density plots.

O

2 3n =1 =10 3 =

(v B “ \ : o=PI2 A 2+ \ N7

Cam VUV, ) = (’ \) —~ TR ——e P LT (P) - Yim (D, )
& ¥ J nag/ 2n[(n+ 1) 1——11P NLX

(3’1’1)

-
—

-
o

S’

b d

~
W
Lyg
=
-~

(3,2,1) (3,2,2)

(o) = %

()

.
(4,1,1) .(4,2,0)
SRR T SREY
£ -e
(4,3,1) (4,3,2)
Elementary quantum mechanics

\/
o




Radial Probability Distribution
Function

(AT 9i—Fhdr [AdOT Helod)

Electron density in atomic hydrogen w(r) = r [R_ (N}

P

¢ 4 O O Pt 8- 98
- 5 ] /\ 28 OJZ \ 2
7T 4 ¢ 4 D U ¥TF & & 0 B N 14

r /10 m
r\ 18 <




Quantum Numbersal%l'ia:r & )

. =152

.f'

Ss=-12
. =152




Shapes of Orbitals
Eascal a:r 3ThR)




Effective nuclear charge

(T3Tdl ATTRBIT 3Taer )

* The effective nuclear charge (often symbolized as or
Z*) is the net positive charge experienced by an
electron_in_a multi-electron atom, (%

deT, T8 8 ST STl g, [hdl dg-Uelaralell
[P, A TH Soldeld carl mﬁqaa%?m STTet
dTell aic UellcHh 31T ¢ ) N

* The term "effective" is used because the shielding
effect of negatively charged electrons prevents higher
orbital electrons from experiencing the full nuclear
charge by the repelling effect of inner-layer
electrons. (9¢ JHTAI heT &
3-1131?)3{21?:” qRTETOT YHTT & HROT GJerdl fohaT
IAT



http://en.wikipedia.org/wiki/Electron
http://en.wikipedia.org/wiki/Atom
http://en.wikipedia.org/wiki/Shielding_effect
http://en.wikipedia.org/wiki/Shielding_effect
http://en.wikipedia.org/wiki/Shielding_effect
http://en.wikipedia.org/wiki/Nuclear_charge
http://en.wikipedia.org/wiki/Nuclear_charge
http://en.wikipedia.org/wiki/Nuclear_charge

Effective nuclear charge

CLIGH aniﬁﬁzr aﬁar )

* |tis estimated as (5%

q%ﬁld HY Thd %‘

e Scan be

— = g
comput ed according to the following

rules ( T foe=T ATAT & 3TEAR AT R

Johd §)

Group

[1s]
[ns,np]

[nd] or [nf]

Electrons in group(s) Electrons in all
) with principal Electrons in group(s) group(s)
Other electrons in the ) o ) o
quantum number n with principal with principal
same group ,
and azimuthal quantum number n-1 | guantum number < n-
quantum number < | 1
0.30
0.35 - 0.85 1
0.35 1 1 1



http://en.wikipedia.org/wiki/Principal_quantum_number
http://en.wikipedia.org/wiki/Principal_quantum_number
http://en.wikipedia.org/wiki/Azimuthal_quantum_number
http://en.wikipedia.org/wiki/Azimuthal_quantum_number
http://en.wikipedia.org/wiki/Azimuthal_quantum_number
http://en.wikipedia.org/wiki/Principal_quantum_number
http://en.wikipedia.org/wiki/Principal_quantum_number
http://en.wikipedia.org/wiki/Principal_quantum_number
http://en.wikipedia.org/wiki/Principal_quantum_number

Effective nuclear charge

(T3Tdl ATTRBIT 3Taer )

* He (1s2); S=1X0.30 = 0.30; Zefr=2-0.30 = 1.70

e N (1s2 2s2 2p3); S= 4X0.30 +2X0.85 = 3.10; Zeff = 7-
3.10=3.90
ngf[F_} — 9 — 2 — T—|—

Zerr(Ne) =10 — 2 = 8+

Zepp(Nat) =11 -2 =9+




Effective nuclear charge

(T3Tdl ATTRBIT 3Taer )

* |tisusedin estimation of bond Ien%rh and bond energy
(TS FJFals Td EY ol H gl
) \ \

* It is used in the estimation of IP for elements (cIcdl <h
AT TdHT T IUAT H SHRT 3UANT gidT 8)

 Pauling had used it in the estimation of electro
negativity of elements CUGE CART SHSPT
dedl T faegd ReAlcAhdl F AT FA H foham
ITT)

* Some properties can also be explained as filing order of
4s and 3d (Jcdl & _HS 0T { F & IMYN I
AT A ohd g old 4sva°3dﬁr Tolaclall al e
&l 3TSN)




Pauli’s Exclusion Principle
(Giell T 9doid &)

It is impossible for two electrons of a poly-electron
atom to have the same values of the four quantum
numbers (n, €, m, and m,).

ﬁ@%g@ﬁﬁﬁ?ﬂﬁﬁw_@ra%r%ru

FI IR FaICH GEI3T F AT THA

For two electrons residing in the same orbital, n, €,
and m, are the same, so m,. must be different and the
electrons have opposite spms

%é’rasaﬁﬁzr%a’r%ﬂ;? 1 &I dl 3T n, &,

BT 37U 3 elar



http://en.wikipedia.org/wiki/Quantum_number
http://en.wikipedia.org/wiki/Quantum_number
http://en.wikipedia.org/wiki/Atomic_orbital

Hund’s Rule of Maximum Multipicity

@wmwwm)

* |f we look at the correct eIectron configuration
of Nitrogen

* o4

GRS

Gl

$ ITHAR ATSEISTT Hl T

ZFeiad QAT g9
(Z =7): 1s% 252 2p3

Nitrogen

Td

T (T [

2p



http://chemwiki.ucdavis.edu/Inorganic_Chemistry/Descriptive_Chemistry/Main_Group_Elements/Group_15:_The_Nitrogen_Family/Chemistry_of_Nitrogen

Hund’s Rule of Maximum Multipicity

@wmwwm)

* |f we look at the element after Nltrogen in the same period,
Oxygen (Z = 8) its electron configuration is:

- I FBISI & YRYTd HTFdISTeT I of Al FHhT
SEIGED gram

o 1s%22s%2p*

Oxyecen

Tl T T4 T T

2p

* Oxygen has one more electron than Nitrogen and as the
orbltals are aII half filled the electron must pair up.

Ao, o qTH sAScloled I dolel H T AR
Selefelel g, Ufeh H eheTeh L YUl § ol Solerclel hl
gdHel

No)




Aufbau’s Principle




Exceptions in Aufbau Principle

Araz AYUed # 3(9dIE

* The rule then predicts the configuration of ,4Cu
to be 15225%2p®3s? 3p64523d9 or [Ar]4523d9

sq &IgH  H,,Cu

G

o7 Seldcllaldh

fa=ara ga

by BI4TI 1522522p6352 3p®4s23d°, or [Ar]4s?3d°

 However the experimental electronic
configuration of the copper atom is [Ar]4s13d1°

9% Cu &l Seldcliele [dedTd & [Ar]4si3d?o




Exceptions in Aufbau Principle

Ararz AYUed # 3I9dIE

e Similarly, chromium takes the electronic
configuration of [Ar]4s'3d° instead of

[Ar]4s?

AT 9

3d*

SR ShITAIH ©

T Selarclelsh [dedrd g

[Ar]4si3d>




Electronic Configuration

Solgclicich [dedd

Atorr Eleroent Electon Number of
Nurebey Swbol Configuration Vakence Electrons
1 H Ist 1
2 He s? 2
3 Li 1592 1
4 Be 1592 2
5 B 15%2s%2p* 3
6 C 1572927 4
7 N 15%2s%2p° 5
g 0 15%2e%2p" 6
9 F 15%2s%2p° 7
10 Ne 15%2s %2 8




Atomic Symbol Electron Atomic Symbol Electron Atomic Symbol Electron

number configuration number configuration number configuration

1 H 18" 37 Rb [Kr]5s’ 73 Ta [Xel6s24f'45d>

2 He 1s? 38 Sr [Kr]5s? 74 w [Xel6s24f' 4544

3 Li [He]l2s! 39 Y [Kr]5s524d" 75 Re [Xel6s24f'45d°

4 Be [He]2s? 40 Zr [Kr]5s524d? 76 Os [Xel6s24f45d°

= B [Hel2s22p! 41 Nb [Kr]15s'4d? i v o Ir [Xel6s24f'*5d”

6 c [Hel2s22p? 42 Mo [Kr]15s'4d°® 78 Pt [Xel6s'4f'45d°

7 N [Hel2s22p? 43 Tc [Kr]15s24d° 79 Au [Xel6s'4f45d"°

8 (@] [Hel2s22p* 44 Ru [Kr]15s5'4d” 80 Hg [Xel6s24f'45d'°

9 F [Hel2s22p® 45 Rh [Kr]5s'4d® 81 Tl [Xel6s24f'45d'°6p!

10 Ne [Hel2s22p° 46 Pd [Krl4ad'® 82 Pb [Xel6s24f'5d'°6p?

1% Na [Nel3s’ 47 Ag [Kr]15s'4d™ 83 Bi [Xel6s?4f'5d'°6p*

12 Mg [Ne]3s? 48 Ccd [Kr15s524d'° 84 Po [Xel6s24f45d'°6p*

13 Al [Nel3s?3p’ 49 In [Kr]15s'4d'°5p? 85 At [Xel6s24f45d'°6p°

14 Si [Nel3s23p? 50 Sn [Kr]15s'4d'°5p? 86 Rn [Xel6s24f'45d'°6p°

15 P [Nel3s23p? 51 Sb [Kr]15s'4d'°5p3 87 Fr [RN]7s?

16 S [Nel3s23p* 52 Te [Kr]15s'4d'°5p* 88 Ra [RN]7s?

17 Cl [Nel3s?3p° 53 1 [Kr]15s'4d'°5p® 89 Ac [Rn]7s?6d"

18 Ar [Nel3s?3p° 54 Xe [Kr]15s5'4d'°5p° 90 Th [RN]7s%6d?

19 K [Ar]l4s’ 55 Cs [Xe]l6s' 91 Pa [RNn]7s?5F6d’

20 Ca [Ar]4s? 56 Ba [Xel6s? 92 U [RNn]17s%5Ff6d’

21 Sc [Ar]4s23d"’ 57 La [Xel6s25d" 93 Np [RN]7s?5F6d’

22 Ti [Ar]4s?23d? 58 Ce [Xel6s?4f 5d" 94 Pu [RN]7s25f°

23 \% [Arl4s?3d? 59 Pr [Xel6s24F 95 Am [RN]7s25f7

24 Cr [Arl4s?3d° 60 Nd [Xel6s24F* 96 Cm [RNn]7s?5f6d’

25 Mn [Ar]l4s?3d° 61 Pm [Xel6s524F 97 Bk [RN]7s25F°

26 Fe [Ar]l4s?3d° 62 Sm [Xel6s24f° 98 Cf [RN]7s25f'°

27 Co [Ar]l4s23d’ 63 Eu [Xel6s24f 99 Es [RN]7s25F""

28 Ni [Ar]4s?3d® 64 Gd [Xel6s?4f’5d" 100 Fm [RN]7s25("2

29 Cu [Arl4s?3d'° 65 Tb [Xel6s24f° 101 Md [RN]7s25("3

30 Zn [Ar]4s23d'° 66 Dy [Xel6s24f'° 102 No [RN]7s25('4

31 Ga [Ar]4s?3d'°4p’ 67 Ho [Xel6s247 103 Ly [RN]7s25Ff46d"

32 Ge [Ar]4s?3d'°4p? 68 Er [Xel6s24f'2 104 Rf [RN]7s25f'“6d?

33 As [Ar]l4s?3d'°4p3 69 Tm [Xel6s241'3 105 Db [RN]7s25F%6d>

34 Se [Arl4s?3d'°4p* 70 Yb [Xel6s241'4 106 Sg [RN]17s25f46d*

35 Br [Ar]4s23d'°4p° 71 Lu [Xel6s24f45d" 107 Bh [RN]7s25146d°

36 Kr [Ar]4s23d'°4p° 72 Hf [Xel6s24f'45d? 108 Hs [RN]7s251“6d°
109 Mt [RN]7s?5f"“6d”
110 Ds [RN]7s'5f*6d°

N

[RN]17s'5f46d'°
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* Best Of Luck




