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How define physical properties (Energy) of electron ?
Using eigen equation or Q.M. Postulate 3 and 4 A(p = A@

py = Py "= P
211 6r(p — ¢
Hp = E@
. _Ho
2
E= Energy of particle
E=H H= Operator (Symbol)

_hZ 62
H= 812m dx? +V
[TZ pHe dr
E=—
[, epdr

To define Energy or any physical properties, Wave function must be.



How define Wave function for system ?

1.Variation Method

2. Perturbation Method
3. Self consistent field Method

4. Independent electron Method



Variation Method aaiuHi weald
(to define the wave function for system)

1. Assumption of wave function
22 eHo dr
[ o dr
3. Comparison of calculated energy with Ground state Energy/ZPE/Potential

2. Calculation of Energy E

Energy(E,)
4. Selection of Wave function for system.
E.=E, ; than wave function is acceptable.



Change Assumption
variable in of wave
wave function function

EO # Ei then wave Calculation
function does not
acceptable of Energy

Comparison of
calculated energy
with Ground state
Energy

[T oHyp dr

E=—%_
I, opdr
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- X /77 @He dr
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A0l e Hi AAMIA oeddl @, = ax — x>

: - f+°° @He dr
d0L sa- Hle Wwlsa qwdl E =
[ 0@ dr
_hZ 62
812m 0x?

8w m dx
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APPLICATION OF VARIATION METHOD

Secular Equation & Secular Matrix
To define the Energy for Polyatomic Molecules




Wave function for Polyatomic Molecule by LCAO Method

Linear Combination of Atomic Orbitals

Diatomic Molecule @ = Ci91 + CL0,

Triatomic Molecule P = 61901 + (:2902 T C3‘P3

N-atomic Molecule @ =Cp1+ 00, +C303+ ... +Ch0n



Define Energy for Diatomic Molecule Diatomic Molecule ¢ = C;¢, + G,

[T Hep dr

E =T
I, opdr

JI(Crp1 + Co02 YH(C1p1 + Co00, )]

b= JI(Cip1 + Cr02)?]

JI(C19p1HC 1 + Cypy HCo 05 + Cop  HC1p1 + Co0HCo05)]dr

E =
J Cio3 +2Ci91Co05 + C5 5 dr

r Ci [ @1H dr + C1C [ o1Hpy dr + CiCy [ @ Hpy dr + C5 [ @ He, dr
C{ [ @idr +2CiC, [@19, dr + C5 [ @5 dr




G [ orHprdr + GG [ oiHe, dr + C1Cy [ 9Hpy dr + C3 [ @, Hop, dr

E =
Ct [ oidr +2C1C; Jo192 dr +C5 [ @3 dr
H-Hermitian Operator, Than f o Hp, dr = f @,Hp, dr
F= Ct [ o1H@1dr +2C,C;, [ o1Hoy dr + CF [ o Hep, dr

C [ pidr +2C.C; [o102 dr +CF [ @3 dr

Use Symbol for Integration function

j‘P1H<P1 dr = Hq4 j‘P1‘P1 dr =581,
j‘Plepz dr:f‘PzH(de:le j‘PﬂPz dT:j‘Pz‘m dr =51,

| C2Hyy + 2C,CHyy + C2Hy,
 CES11 4 2C1C815 + C2Sy,




Applying Variation Method 0 = Ci0; + C0,

OF _ 0E _
ac, 9C,
_ C{fHy +2C,CHyp + C5Hy, _u .
CrSi1 +2C1C3812 + (52 v 3¢ = 2Cith + 2CHy + 0
ou v ov
aE _va_Q_ua_Q 6_6'1 :261511+2C2512+0

ac, v?

oE (CS11 + 2C1C3815 + C5525)(2C1Hyy + 2C3Hy) — (CfHyq + 2C1CoHyp + C5Hyp) (201814 + 2C5545)
0C; v?

0= (C£S11 + 2C1C3S15 + C5S832)(2C1Hyy + 2CoH3) — (C{Hyq + 2C1CoHy + C3H,5) (2C1 811 + 2C,543)



(C£S11 + 2C1C,S:5 + C£S55)(2C1Hyy + 2C3Hy,) = (CEHy1 + 2C1CoHyy + C2H,5)(2C,1S14 + 2C,S15)

(C£Hyy + 2C1CoH, 5 + C3H,))

20,51 + 2C>,S
(C£S11 + 2C1 0381, + C5S53) (261511 2512)

(2C1Hyq + 2C,Hyp) =

(2C1Hy, + 2C3Hy) = E (2C1511 + 2C,513)

(CiHq1 + CyHqy) = E (€511 + C3512)

(CiHyq + CoHyp) = (CLES;1 + CESy)

C; (Hy1 —ESy1) + Cy(Hyp —ES13) =0



ou ov
oF _ Yoc, — tag Cy (Hyy —ESy1) + C3(Hyy —ESy3) =0
aC, V2

C; (Hy1 —ES;1) + Cy(Hyp —ES13) =0

Cy (Hy1 — ESz1) + Co(Hyy —ESy) =0

Cl] Hll o ESll H12 o ESlZ =0

CZ H21 o ESZl H22 o ESZZ )

Secular Equation & Secular Matrix for Diatomic Molecule



Secular Equation & Secular Matrix for Triatomic Molecule

@ = Cip1 + C0; + C3¢3
C; (Hy1 —ESyq) + Cy(Hyp — ES1p) + C3(Hiz3 — ESy3) =0
C1 (Hyy — ESyq) + Co(Hyy — ESyp) +C3 (Hyz — ESy3) =0

C; (H3; — ES31) + Co(Hzp — ES3p) +C3 (Hzz — ES33) =0

Cl Hll o ESll H12 o ESlZ H13 o ESlB
CZ H21 o ESZl H22 o ESZZ H23 o ESZB =0
CB H31 o ESBl H32 o ESBZ H33 o E533



Secular Equation & Secular Matrix for n-atomic Molecule

QY = Cl(pl + Cz(pz + C3(p3 + +Cn(pn

Cy (Hyqy — ES11) + C;(Hyp — ESq3) + -+ C(Hyy — ES1) =0
C; (Hyy — ESy1) + Co(Hyy — ESyp) ++-+ G (Hyyy — ES3,) =0
C1 (H3; —ES3q) + Cy(H3p — ES3p) ++-+ €, (H3y — ES3,) =0

Cl (Hnl —~ ESnl) + CZ (an T ESnZ) Tt Cn (Hnn o ESnn) =0



Secular Equation & Secular Matrix for n-atomic Molecule
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Physical meaning of Integration function




Physical Meaning of following Symbol

H;; =f<PiH<Pid7"=“=q (=123,

Columbic integration function

* Single wave function - Represent single atom

* H-Hemiltonian operator represent Energy of single atom

* In single atom, columbic force between Nucleus and electron —
represent columbic energy.

* Attraction force between Nucleus and electron — indicate lower energy

— Columbic interagral value 1s always negative (—ve)



Physical Meaning of following Symbol

Hij=f<PiH<de7"=.3 i # ]
c&;=1235....

Resonance integration function

ﬁ * Two wave function - Represent diatomic molecules
* H-Hemiltonian operator represent Energy of diatomic molecules

* Two atom bonding with each other — resonance between two electron

- W'« Represented resonance energy of diatomic molecules

* No bonding between two atoms : H;;=0

* Bonding between two atoms: H;;>0



Physical Meaning of following Symbol

Sii — fQDiQDidT‘ =1 c=125.....

Normalisation integration function

* Single wave function - Represent single atom
* Do not represent Energy: (H 1s not present)

* Represented electron density in atom.

* Electron density 1s unique in atom

* Then intergral value 1s always unique (1)



Sij = fQDLQDJdT [ #J 6&7’=7,2,3...,.

Overlapping integration function

Two wave function - Represent diatomic molecule

Do not represent Energy: (H is not present)

Represented electron density diatomic molecule.

Represented Overlapping between two atom.

Sij —_ O Y




Energy Level for Diatomic Molecule
&
Electron distribution (Electron Density) in H,

B.Sc. SEMESTER-6
PAPER-601
UNIT-1 : Valency (Chemical Bonding)



Energy level for Diatomic Molecule (H,)

Wave function for Diatomic Molecule @ = Cip1 + Crp,

Energy for Diatomic Molecule

C1] Hy1 —ES51; Hiz — E512]=0
C2l11Hz1 — ESz1 Hzp — ESp;
Where, C1 and C2 are not zero (0),

H11 o ESll H12 _ ESlZ]zo
H21 o ESZl H22 R ESZZ

Use some symbol Hyy =Hyp = a, < @1 = ¢,

H,, = H,;, = B = H"Hermician Operator
Hll —E H12 _ ESlZ -0

H12 _ ESlZ H11 —E

S11 = S,, = 1, Normalized condition



Hiy—E  Hip = ES]_
Hi, —ESi;  Hig—E

(H11 - E)z - (H12 - ES12)2 =0

(Hi1 —E) +(Hiz —ES;p) =0 (Hi1—E) —(Hiz—ES;z) =0
Hll_E+H12_E512=O Hll_E_le-I—ESlZ:O
Hy+H,—E1+S,)=0 Hiy —Hi; —E(1—=512) =0 Columbic intriagral value is
always negative (—ve)
Hi; + Hyp = E(1 + 512) Hy; — Hyp = E(1 = S33)
E;=a+ [ Ej=a—-p

_ Hiyy +Hypp E = Hi1 = fa

= 1+5, 1 =5

L _atp L_a=B E;, <Ey

B 1 + 512 1 - Slz



Energy level diagram for H2 Molecule E.=a+p E,=a—f

E,=a-3p E, <E,
Ej=a-20
Eys=a—-p
Es=Ej=a
E;=a+f
Es=a+2p
Es=a+3p
Es=a+4p

H-H Bond Length



Electron Density distribution in H, Molecule

Energy

w

»

EA T1s

—ilb

Molecule

H

2

m

®a = N(¢p1 — ¢3)

@s = N(p; + ¢3)

Atom

H

Pa

= Wave fuction

= Electron density in ABMO

= Wave fuction

= Electron density in BMO



¢s = N(@; + ¢3) ©a = N(p1 — ¢3)

(0s)* = N*(91 + ¢3)? (@a)? = N%(p1 — 93)?

(ps)? = N%(@7 + @5 + 2¢019,) (9a)? = N*(@3 + @5 — 2010;)
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Stability of Hydrogen Molecule lon.
OR
Energy Level for H*,
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Structure and Wave function of H,* molecule ion.

Molecule’s possible structure
Hy.Hp < ¢4
H.Hp < @,

Diatomic Molecule

@ =Cip1+ Cr0,



Energy level for H,* molecule ion. (Diatomic Molecule)

C1] [H11 —ES511 Hip — E512]=O
C2l1Hz1 — ESz1 Hzp — ESp;
Where, C1 and C2 are not zero (0),

Hll o ESll H12 o ESlZ]zo
H21 o ESZl HZZ o ESZZ

P H11 + H12 EA _ Hll o le
) 1 +512 1 _512




H,, (Columbic Intragyral) for H,* molecule ion. (Diatomic Molecule)

—h? o2 q192
Hllzf(pll—[(pldr:a:q H= S Zom Ve =TV V = + .
e
_R2 e2  p2 2
H= —V*————+
8m Ta Th Tab
—-— r -_—
Ha ab Hb
tha = | 21 By = Hy = —y2 &
11 = | $1 87Tm T Top p.4r 0= O_8n2m —E

H11—j<P1[E0—_+_ @,dr

82

1
Hy, = on§01§01d7"_ezj_fp1fp1dr+_ @1 dr
Tp Tab



1
Tab Tp J= 82 fg(pl(pldr




H,, (Resonance integral function)for H,* molecule ion. (Diatomic Molecule)

Hyp = f‘P1H<P2dT

e2 e?
H,, = d
12 f‘P1 [87‘[ 2m Tb +rab] p2ar

AL Ll P
12 = | ¥1|Eo T rabfpzr

62

1
Hyp = Eof‘PﬁUsz—ezJE(PﬂPzdr"‘r_ Q1@ dr

ab

e? , (1
Hiy = EgS1,+—S51,—e€ J_§01<P2d7”
T Tb

ab

—h? e? e? e?

H= Vi ————+
8m?m Ta Th Tab
—h2 82
Eo = Ho = VZ——
0 O 8n2m 1,

1
= e? [ X pypadr



E. & E, for H,* molecule ion. (Diatomic Molecule)

o2 o2
Hy; = Ej +r__] Hi, = EgS1 +—51, — K
ab Tab
_ Hy, + Hy,y
S 1+ S,
e? e?
E0+__]+E0512+_512_K
E. = Tab Tab
5 1+ S,

2

e
_E(1+S1) TR g4k
ST 145, 1+ S, 1+ Sq,

e’ (J+K)

Es=Ey+——
S 0 Yab 1+512

H,, — H
E, = 11 12
e? e?
E0+T‘__]_E0512_7‘_512+K
EA— ab ab
Y.

CE(1-S1p) TS -k
A 1—5, 1—5, 1—S5,
e’ (J—-K)

EA=E0+r S 1-S
ab 12
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Energy Level for H,
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Structure and Wave function of H, molecule.

Molecule’s possible structure & wave function

HyyHp2) = Pa)Pp(2) = ¢1

Hy2yHp(1) = Pa2)Pp1) = P2

Diatomic Molecule o =Cip1+ Crp,



Other Wave function

Covalent Wave Function

¥s = & + 4 T',j’ %M;'&'CCJ
WA

lonic Wave Function

——
+

Hacoee) M8 = Yac> Yoy = Pz
+— = = e
Ha™ Hg oy = Yooy Poc) = %5

= 9~ ‘102 e Am-+f\5\3mm€‘}ﬁccd :

—

S LPCLCID q/bcz) T qjacz) é/')bc,')

= Yaed Yoc2) = ¥Yacor Poerd

These wave function are:
Angular Wave function
n, | and m dependent w.f.



Energy level for H, molecule. (Diatomic Molecule)

C1] [H11 —ES511 Hip — E512]=O
C2l1Hz1 — ESz1 Hzp — ESp;
Where, C1 and C2 are not zero (0),

Hll o ESll H12 o ESlZ]zo
H21 o ESZl HZZ o ESZZ

_ H11 + le EA _ Hll - H12

ST 1+ Sy, 1 =51,




H,, (Columbic Intragyral) for H, molecule. (Diatomic Molecule)

el r12 e2

Hi, = j¢1H¢1dr =a=q P1 = Pa(1)Ppr(2)

P2 = Pa2)Pb(1)




e

1 02 1, 1 ’ 2
H,, = 2E, J pidr — j pidr — —<p1dr +e j pidr + — | @idr
Ta(2) Th(1) Tab

eZ
H11 = ZEO +— —e J

pidr —e? j—(pldr+e j—(pl
Tab

Tp(1) T2

7”a(2)

1 1
Jz=e2j <p1dr_e2j—<p§dr
Ta(2) Th(1)

1 2
J1=ey | —@idr
12



H,, (Resonance intragyral function) for H, molecule. (Diatomic Molecule)

(p = (p (pb h2 2 2 2 2 2 2
H12:j<P1H<P2d7” ' @) H=—— (V%+V%)—e T Iy -
P2 = Qa(2)Pb(1) 8m-m Tar Taz Th1 Tbz Ti2 Tab
% 02 02 02 p2  p2 2
H,, = ——— (V2 +V3) - — —— - + + .d
12 .[(pll 87T2m( ! 2) Ta1r  Taz  Tp1 "oz T2 Tap P24
e? e? e2 g2 — _ h? 2 2y _ €e> _e?
Hy, = j<P1 2Ey — — +—+ @, .dr 2o m? (Vi +V2) Tai1 Th2
Ta2 w1 T2 Tab
1 1 1 e?

Hy, = 2E0f<p1<p2dr—ezf P1odr —e? | —— @ @ dr + € _<P1<P2d7”+r_ Q1P dr

Ta(2) Th(1) T12 ab



o2
H12 = 2E0512 o
a

le = ZE()S]_Z +

+_Sl

82

1
2 —32_[ 901<.02d7”—e2

Ta(2)

—S12 + K1 — 2K,

Tab

1
—— 1@, dr + e?
Th(1)

1
_§01<P2d7’
712
K, = ezj QL1p,dr =e j
Ta(2)
1
K, = e’ — @1@,dr
T12



Es

ERUVRAUY H,, = 2E +e2 +],—2]

2 2
2E0+e_ +]1 —2]2 +2E0512 +e_512 +K1 —2K2
Tab Tab

a

1+ 5,

512 =0

2
e

ES=2E0+ +]1_2]2+K1_2K2
Tab

Es = Hiy + (K1 — 2K3)

E,<E,

Ey

e? E, — Hy, —Hyy
le = 2E0512 + _512 + Kl — 2K2 A — 1 . S
Tab 12
e? e?
2Ehn+— + ], — 2], —2ES:», ——S, — K; + 2K
_ 0 Tab J1 J2 0212 Tab 12 1 2
0?2
EA = 2E0+_+]1 _2]2 _Kl +2K2
Tab
Ejn = Hyq — (K1 - ZKz)
1 1
K, = ezj P1Q,dr = e* —— @1, dr
Ta(2) Th(1)

1
— Q1@ dr

K]_ e 82
T12
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Classical Interaction Energy of H, molecule.

P1 = Pa()Pr(2)
P2 = Pa2)Pp(1)

_Hn
Sll
>
Ec = Hi1 = 2E ‘|‘_b+]1 — 2/,
a




e
Ec=Hy, =2Eh+—+], -2,
rab

Ec =0.45 ev

////////////

Ep=4.74 ev

rp,=0.74 A



Representation of
Wave function,
Bond strength and
Bond angle
for sp, sp? and sp> hybrid orbitals.

Types of Hybridization

- Compounds formed by representative elements undergoe three types of hybridizations.




Wave function of sp hybrid orbitals  Becl, CO,, HgCl,

p 4 .
‘ y_ ‘ _\7 ‘ .\.-

H
5l o

Hybridization

Wave function by LCAO

P1 = a19s T bl(ppz

180°
Q2 = s t b2<ppz ¥ /

Gives a linear
arrangement
X
A




Define values of constant

1. Equivalent Law (augeidirl 2:d)
2. Normalization Law (#i-lsel 212d)
3. Orthogonal Law (4ol 22¢)

1. Equivalent Law  S-orbital is spherical & contribution of S-orbital is equal to all wave
function of hybrid orbitals.

S 58501l A9l Serirl ALAARUSHL A0l = S sS85l 5101

1
P1 = a19s + b1y, G =a; =5
Qo = A5 T+ b2<ppz




2. Normalization Law
[@?dr =1 o a? + b?=1 @1 = a195 + b1y,

3. Orthogonal Law

J @19, dr =0 & aya; + byb, =0 P1 = 195 + b1¢p;
P2 = AQ2¢0s + D20y,




Cartesian wave function of orbitals

1 1 1 1
—_— — -|— —_— e — —
- V1= 5 s T Pz LN AN A
(1 V3 cos 9)

= \/_\/_(1+\/§c059) P2 = \/—\/—



Bond Strength
cos(180) = —1

(1+\/_)

pimax =

B.S.= = \/—\/—

1
S=ﬁ(1+\/§)

B.S. =

iz, (1 +1.7320)



Bond Angle

1 N 1 Q) =
P1 = F=Ps T —=Ppz
V2 V2P
Ppz
f(pi(pi’ dr =0 2p, orbital
1 1 N 1 1

f ﬁ@s‘l'ﬁ(ppz ﬁq)s-l'ﬁ(ppz dr =0
1 ) 1 3 1 N 1 b
Ej‘.% dr+§j(ps(ppzdr+§J(ps(ppzdr‘l'zf(pzfpzdr: 0

1 1 b
§+§f¢z<ﬁzdr=0

1 1 o
§+§cost9jgochzdr=0

0 = cos 1(-1)

11 1lcos6=0 6 =180
2 2

n 1 1
= — 4+ — ..
P1 \/i Ps \/i <ppZ

QDI;Z (ppZ

Ppz




Sp? & Sp? Hybridization
Wave function

Bond strength
Bond angle

z z z z z z
y y y 5% z /y z y
Hybridization . ’ Y y /
% x —_— — A x < s e x X . x
L x X
e
s b4 Py z z z
y y z Y _HYBRIDISATION = y

/ t v t ¥

% ﬁ—’ X — —x I x
7 ’ * X
Py
\

Gives a trigonal




™ 1

‘ y y
Hybridization & |
ﬁ — )—’ X —— e s

’ ) i A
) y
/7/ -

Gives a trigonal
planar arrangement

P1 = a1 T b1<pr T C1Ppy A )

Py = Az Ps + b2§0pz + C2Ppy |

P3 = A3Qs + b3y, + C3¢py, < .
120



Define values of constant
P1=a1@s T b1¢px T C1Ppy

Qo = Qs Tt szDpz T C2¢Ppy
Q3 = azPs + bB(sz T C3¢py

Equivalent Law a? = a? = a? =1
3

@1 H.O.is on the x axis

Contribution of Px »>> Py in @1 H.O.

C1=O

Lol &
-




Normalisation and Orthogonality rules

Joidr=1eaf +bf+cf=1

f<p1<p2 dr =0 & a;a, + b1b2 + C1Cp = 0

[@3dr =1 a3+ b3 +c3=1

f(plch dr =0 & a,ds + b1b3 + C1C3 = 0

f‘PZ‘PS dr =0 & a,as + b2b3 + C,C3 = 0




3

sinf =sin90 =1

™

—
P1=—=Ps Tt |5 Ppx

1
\/_\/_

—— (1 + V6 cos @)




Bond Strength

p.(max) _ g,(max)

B.S.=
Ps Ps
1
———(1+6
pg-Y3 4 °)
- 1
Var
B.S. = — (1 +e6)
=7
B.S.= s (1 +2.4494)

B.S.of sp2 hybrid orbitals = 1.992

- (1 4+ V6 cos @)

¢1=ﬁv—

1 1
P1max = V3 van (1 + \/8)

cos(0) =1
cos(180) = —1



Bond Angle

1

2

P1 = \/_gfps + §‘pr

[ o1 @1dr =0

j 1 N 2
\/§<p5 3

3

+
Ppx

1

V3

3

1 2 o
§+§j(pzfpzdr=0

1 2

§+§cosej¢;¢;dr=0

1 V2 V2
—f(pszdr+?jcps<pz;zdr+—

r 1 2+

P1= 50t |3 Ppx
2

905+ §§0px dr =0

N 2
<P5<szd7‘ + §

j<pz+<pz‘dr=0

" 1 2 _
P1 = ﬁ(ps + E(pr

/

Px




1 2 o
§+§C050J¢Z¢2dr=0

l+Ec059=0
3 3

Ccos 0= —

Wlkr
X
N | W

-y
—

0= cos™(— %)

6 =120
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Yy
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X
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HYBRIDISATION

Z
“ Y P3 /
%)

- Z
* y -
/ i
[ P4
Q1 = A1QPs + by Py + C1Ppy +di1 @y,
Q2 = A5 + ba@py + C20py + dy@y,
P3 = az3Ps + bB‘pr T C3¢py + dB(sz
Py = AgPs T b4§0px T C4Ppy T d4(sz

/

«




Equivalent contribution Law

Since the s-orbital is equally distributed among the four hybrid orbital, we will get the following:

al =a?,=a%3=a%,=1/4

Hence,

>a1=az=ag,=a4=1/41""2=1/2

01 = AQ1QP5 + b1 Py + C10py +d1 9y,

P2 = AxQs + by px + C20py + Aoy,
O3 = A3Qs + b3Ppx + C30py + A3y,
Py = A4 Qs + ba@py + Ca@py + ds@y,



Equivalent contribution Law

¢1 H.O. is along the z-axis, that is this hybrid orbitals will get contribution from s and Pz
orbitals.
So there is no contribution of Px and Py orbital in H.O. ¢,

y
Than we can write b1=c1=0 / |
' X

|z
}

P1 = a1 + b1§0px T C1Ppy +d1(sz ‘

Suppose that ¥, lies in the XZ plane, the hybrid orbital will have contributions form s , p, and p, orbitals only. The contribution of

py 1o @, would be equal to zero. Hence,

G2=D =z

P2 = AP5 + szOpx T Copy Tt dz(ppz



[@?2dr =1 a% + bf + cf +di=1
[@i9,dr =0 aya, + bib, + ¢;c5 +did, =0
Joidr =1 a3 +Db;+c; +dj=1
[@ip3dr =0 a;a; + b;b; + cyc3+dyd; =0
[@10,dr =0 aja, + biby + cicq +did, =0

J @203 dr =0 © azaz + bybs + cyc5 + dyds = 0

J @204 dr =0 © aya4 + byby + cyc4 + dpdy = 0
[@%dr =1 a2+ b2 +c% +d2=1

J @34 dr =0 aza, + b3bs + c3¢4 +d3dy =0

d1=
dy, = ———
2
b2: §
4. = 1
3 2\/§
d. = 1
4 — 2\/§
1
b3=\/_8
1
b4=—ﬁ
1
CBZE
1



P1

P2

@3

Py

= a{Qs + blgﬂpx + C1§0py +d1§0pz

= Ay Qg + bZ(ppZ + Cz(ppy + dZ(ppZ

= A3Qq + b3(ppz + C3(ppy + d3(ppz

= a4(pS + b4§0pz + C4(ppy + d4(ppz

H
w || &

Ps

px = |7—=sin6 cos @

sin @ sin @

¢ 41T
3
¢ 41t
— 6
) yy coS

M
-k

Yo = L g 4 Q S ) Sy
3 23
qj i Y. — [ y) )
> S rg. qu /3 PB Q\ﬁ o
PR SN R
¥ z - ‘5

11
2\/

0, = 11 \/—\/7COSQ

——(1+ 3 cos )



Bond Strength

1 1
1+ 3coséb
91 (max) P =3 )
B.S.=
Ps
. P1imax = 5 \/E(1+3)
=——(1+3)
B.S.=2m1
Van
BS—l 1+3
S.=2 (1+3)

B.S.of sp3 H.O0.= 2
B.S.of sp2 hybrid orbitals = 1.992
B.S.(sp hybrid orbital) = 1.932



Bond Angle

1 \/§ ! =1 +§ +
O1=5@s+—p; P17 5P T Pz
[ 1 01dr=0

1 V3 1 V3
j<E¢s+7¢52>(§§05+7¢52>dr=0
1 V3 V3 3
Zj%zdﬂjjwswgzd”quosqo;deﬂqoz+<pz‘dr=0

1 3 .
Z+ngopchpzdr =0

1 3

Z+1COSHJCP};ZCP};ZCZT =0

1 V3

@1 = > Ps + = Ppz

Ppz




1 3

Z+Zcosej¢;¢;dr=0

l+§c056?=0
4 4

1 4
cCoSf= —= X =
4" 3

0= cos™1(— i)

6 =109.5

109.5°
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Paulr’s Exclusion Principal

In an atom or molecule, no two electrons can have the same
4 quantum numbers.
Maximum only 3 Q.N. are same.

n:l:m;s S -
N
orbttal
. angular
SFH’ ”’ m‘ momentum

K

A=

o v [T 4|1

N s
Cenergy T :#j Z#
25
1 T l s*;_ N_

N |-




Pauli’s IZxclusion Principal-
by Quantum Mechanical Approach

[1] Wave function dependent on angular and spin Q.N. (n,[,m,s)

Wave
Function

Angular w.f.

(n,l,m)




Angular w.f.
(n,,m)

Molecule’s possible structure & wave function

HyyHp2) = Pa)Pp(2) = P1

Hy2)Hp1) = Pa2)Pr1) = @2

bs = P1 + P,
ba = P1 — P2

Dy = @y1yPr2) T Pu2yPory
Py =Pu1yPr2)y ~ PucyPr)




Spin w.f
(s)

I

L1

I

S —
D = a(l)ﬂ(2)

S —
D, = a(2)ﬂ(l)




[1] Wave function dependent on angular and spin Q.N. (n,|,m,s)

@ = AngularWF x SpinWF :
s =, Piay T Ay Py

— -+ s
Q, ¢a(1)¢b(2) ¢a(2)¢b(1) Py = a(l)ﬁ(z) —05(2),8(1)

Py =PutyPr2) ~ PucyPr) P; =, Ay
@, = /6(1):3(2)




Acceptable Wave Function

Dy = PoyPr2) T Pa2)Prary P4 = PutyPr2) ~— Pa2)Pr)
04 = Pa2yPp) + Pa(1)Pb(2) Pa = Pa@)Pp) ~ Pa()Pb(2)
Q5 = Qs Pa = —0a

Anti symmetrical w.f. is Aceeptable



Pray = Ps X Ps
Priy = Ps X P
Priy = Ps X Q3
Pray = Ps X P,

Presy = P4 X Ps
Proy = Pu X P4
Prry = Pa X P3
Pry = P4 X P,

Symmetrical

Anti Symmetrical Aaafpfﬂblﬁ

Symmetrical

Symmetrical

Anti Symmetrical /‘Mcé’pfé?@[é’
Symmetrical
Anti Symmetrical A&Gfpé’ﬂblﬁ

Anti Symmetrical Aacepfﬂble



Pauli’s Exclusion Principal- by Quantum Mechanical Approach

Dy = PoiyPr2) T PuyPoiry

P, = a(l)ﬁ(z) - a(z)ﬁ(l)

Priy = Ps X D

Proy = ((%(1)(019(2) T Dy Pry )X (a(uﬁ(z) — a(z)ﬁ(l))

DPr2y = (§0a(1)§0b(2)05(1)/8(2) — ¢a(l)¢b(2)a£22ﬂ(l) )"_

(§0a(2) §0b(1)05(1)/8(2) — P2 ¢b(l)a(2)/8(1)

Pr

P&
Pr2)%(2)

(961(1):8(1)
¢b(2)ﬁ(2)

Ppr1y& (1)
Pu2)%(2)

¢b(1)ﬁ(1)
¢a(2)16(2)




There are three Q.N. (n,|,m) are same for electron of H2 than

Pr =

Pr =

P.y&q)
Pp2)&(2)

P&
Pu2)%(2)

Pr =

|
N

§0a(1):8(1)
¢b(2)ﬂ(2)

(%(1):8(1)
@:(2):6(2)

P&
Pu2)%(2)

Pry&qy
DPa2)&(2)

P&
Pu2)%(2)

(%(1):8(1)
¢a(2):8(2)

Pa = Pp

(919(1):8(1)
¢a(2)18(2)

(%(1):8(1)
¢a(2)ﬁ(2)




Forth Q.N. (s) is same for two electron of H2

P.)& o) (%(1):3(1)

@ =2
DPa2)&(2) (%(2):3(2)

P.n&ay  Pay&q)

Pr = 2
Pu2)y®2)  Pa)%2)

¢r =0 ¥

In an atom or molecule, no two electrons can have the
same 4 quantum numbers.
Maximum only 3 Q.N. are same.



Molecular Orbital
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M.O. treatment for Oh complexes.

[ML¢] Octahedral

L.




M.O. treatment for Oh complexes.
Bonding atomic Orbitals of Metal and Legend

n=4,5,6
nS = ap,

nP = (P, P, B,) =ty

(n _ 1)d — (dxy; d_'yZ) de) — t2g
= (dxz_yz,dzz) = eyg

Coordination Covalent Bond

M =
d -pm Bond
M=——""="="=L

Pr




o-bonded orbitals of CMI

Pz




n-bonded orbitals of CMI




ra

> 9

sigma .

Sigma bonding interaction Sigma bonding interaction
between two ligand orbitals between four ligand orbitals
and metal d; 2> orbital and metal d > _ ;2 orbital

pr

2

Pi bonding interaction
between four ligand orbitals
and metal d_ orbital




MO diagram for Oh complex o
aig
£y
=
nP = (P by B) =t = A, {CFSE)
nS = a, —
(n—1)d = (dyy, dyz dyz) =ty [ ——R —
(n—1)d =(d,2_y2,d,2) = eg
eg?
t
A.O. of CMI — A.O. of Legends
ay
M.O.




MO diagram for Oh complex

nP = (P, P,P,) =ty

nS = ap,

A,{CFSE)

(n—1)d =
(dxy' dyz, dxz) = lag

(Tl — l)d =(dx2_y2, dzz)

A.O. of CMI

t1u

alg

M.O.

N
tog

A.O. of Legends




1t -bonding in Oh Complex

Week pi bondin
Back donation/strong pi bonding g ;

Ligand Metal Metal igand

Empty orbital

Field orbital

Etpg < Epmc’ Brzg > Ep

Strong ligand Week ligand

A gl -4 .y Vi o 7~
NCSEEDRE L) <7< by ~phen I <Br~<SCN~ < Cl"<§* < N3 <F~ <ONO < OH <S$0;* <NO;

/03 < PR3 < CH3; <CN™ ~CO



Spectrochemical series

I"<Br < SCN~ <Cl"<S§*<N3;<F <ONO <OH <S503*<NO;
< C,03* < 0™* < H,0 ~NCS™ < EDTA™* < NH3;~ Py < en < bpy~phen
< NO; < PRy < CH3; < CN™ ~CO
FromI To H,0 areweak field ligands

FromNCS™ To CO are strong field ligands



= th
[ ottt T | y= JaETD)
3d
N=0

Dipole moment =0

eg’ nature of complex is diamagnetic
nP = (P, P,P,) =ty 1
High value| A, {CFSE)
nS = aq
o) - ; MR
(dxyr dyz, dxz) = lag 1 1 1 1‘ 1‘ 1‘ t2g ‘ ‘
t t ,,
(n—1)d =(dx2_y2,dzz) =eg eg
tity

it

b
t1u

t

b
alg

A.O. of CMI

M.O. A.O. of Legends



-3

[Co Fe ]

Law value

t

3d 4s
arg by (4t |t b
nP = (P, P,P,) =ty
ns = ay
(ot =t 1]
ty) 1

(Tl — 1)d =(dx2_y2,dzz) =eg

A.O. of Co+3

t

t

A,{CFSE)

N
tog

u=./nn+2)

N=4
Dipole moment >0
nature of complex is Paramagnetic

ittt it

A.O. of Legends
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