TEMA: CHEMICAL BOND

|.B. Born-Oppenheimer approximation .. 3

ll. Valence bond theory .................. 5

lI.LA. Hydrogen molecule ................ 5

[I.B. Hybrid orbitals .................... 10

[I.C. Covalent and ionic bonds ......... 15

[I.D. Resonance....................... 16

. lll. Molecular orbitals ................... 17

@ Adolfo Bastida Pascual H.A. Definition ........................ 17
E:gfgj_dad de Murcia. llI.B. Energy diagram.................. 21

[11.C. Homonuclear diatomic molecules 24
[11.D. Heteronuclear diatomic molecules 26



CHEMICAL BOND

|. Quantum Chemistry

m Atoms combine to form molecules.
m Molecular Hamiltonian

ﬁ(riyRa) = Te(”i) + TN(ROC) ‘i‘VNe(”oci) + Vee(’"ij) ‘i‘VNN(RocB)

rj = electrons  ry; = nuclei-electrons
R, = nuclei ri j = electron-electron

Rq g = nucleus-nucleus
= Quantum Chemistry

No analytical solution
H(rj,Ro)¥(r;,R0) = EW¥(r;,Ry) < Numerical solution
Approximate methods



CHEMICAL BOND

|. Quantum Chemistry

Molecular Hamiltonian = H(r,R) = T.(r) + In(R) + V(r,R)

me, < mg = e~ move faster than nuclei

BO approximation:
(])BO an)BO
ORy,  ORg>

y(r,R,1)=0;7(r,R) QR,1) =

electromc nuclear

=0

(1) + V(. R)] 020(r. R) = eBO(R) ¢2O(r. R)

J
in AR [TN(R) —|—8]]-3O(R)} Q(R,1)




CHEMICAL BOND

|. Quantum Chemistry

m unbonded states

m bonded states

* Dissociation Energy = D,

* Equilirium internuclear distance
= R, (bond distance)




CHEMICAL BOND

ll. Valence bond theory (é)]

m Chemical bond =- sharing of electrons.
m Valence electrons = external, higher energy, less attracted, ...
= H> molecule

W(1,2) = 0p, 15(1) OHp, 15(2)  W(1,2) = On, 15(2) OHp, 15(1)
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CHEMICAL BOND

ll. Valence bond theory (0))

m Variational treatment

Y =c1f1+cafr=cilsa(1)1sp(2) +c2l54(2) 1sp(1)

I:I hermitian = H|p, = H»

Normalization = S1; =S» =1

512:ffISZ(I)lsz(Z)ISA(Z)lsB(l)d’Cld’Cz
= (Lsa(1)[1s5(1)) (154(2)[155(2)) = S35 # 0

Hy —W H12—W512:
Hip—WS1p  Hp—W

)
]

= 521 =3812
1_H11-|—H12 2_H11—H12
1+S1 1 —S12
fit+ 1 fi— 1
01 = 02 =



CHEMICAL BOND

ll. Valence bond theory

= Qverlap

\|I<1,2) o< [(])HA,ls(l) ¢HB,1S<2) +¢HA,1S(2) (I)HB,IS(I)]

QO0—O

lsA+lsB

W(1,2)% o [101,.15(1) O 15(2) >+ |08, 15(2) 01, 15(1) ]
+2Re |0, 15(1) O, 15(2) O, 15(2) OHp, 15(1)]



CHEMICAL BOND

ll. Valence bond theory (0]

m Cylindrical symmetry = ¢ bond.

= Plane of symmetry = 7 bond.
VvV



CHEMICAL BOND

ll. Valence bond theory ©

= Null overlap = no bond.

_ p-orbal
bonding bonding
“‘\ -
‘ ' _ ds—orbital

L ,
| enfibonding | antibonding
m Extension to polielectronic atoms. Example: N, molecule
[N]: 152 2s22p3
IN=N|
Octect rule
lo+2m




CHEMICAL BOND

[C]: 152252 2p2 = Valence shell 2s y 2p.

= Hibrydization. _ |

hy = 5(s+pxtpy+p:)

hy = 3(s—px—py+p2) e —

hs = %(S_Px‘FPy_PZ) ,// \.\

hy = A(s+pe—py—pz) % '% * B /{‘



CHEMICAL BOND

ll. Valence bond theory —

—

e Thetahedral geometry
* 4 C-H o equiv. bonds
* Minimal repulsion.

= Ethane = CH3-CHj

* [C]: 182 257 2p?; [H]: 1s!
* ¢ valence: 4x2+1x6= 14

H H

* |

H—C —cCc—H

H H



CHEMICAL BOND

» ¢ valence: 4x2+1x4=12 c=c
* sp? hybrid orbitals

h

1 1 1
1_\/§S+\/6Px+\/§py

1 |

hy= Rt s P a Py
-1 2

hl_\/gs \/gpx

sp? Orbital




CHEMICAL BOND

ll. Valence bond theory

= Acetylene (Ethyne) = CH-CH
* ¢ valence: 4x2+1x2= 10

- * H-C=C—H
 sp hybrid orbital

p Orhitals

sp Orbital 1 '

-




CHEMICAL BOND

ll. Valence bond theory

; [O]: 152 252 2p*; [H]: 1s!
e~ valence: 6x1+1x2=8

T
[ ]

0.9584 A




CHEMICAL BOND

ll. Valence bond theory

m Homoatomic bonds = Symmetric electronic density
= Heteroatomic bonds. Ex. HCI
[CI]: 12 252 2p® 352 3p?; [H]: 1s!

Weovalent :q)H,ls(l) ¢C1,3p(2) WYionic = ¢Cl,3p(1) ¢Cl,3p(2)
‘HI)H, 1s (2) ¢Cl,3p ( 1 )

— 5 [ a - H+
s [ |g_H ‘—‘

= Resonance = Yyc1 = AVWeovalent + (1 — A) Wionic; A € [0, 1]



CHEMICAL BOND

II. Valence bond theory s

m Resonance hybrids. Ej. Benzene CgHg

T |
H"\C-‘}C\C/H ch/c{-c.rH
[ I — 1l [
H7 20Oy he O~y
| |

(@ H @ H

do.c = 1.54A > denzene — 1 39A > do_c = 1.34A

= Energetic stabilization



i CHEMICAL BOND

[1l. Molecular orbitals :,‘

= Orbitals delocalized through the molecule
m Standard approximation in Quantum Chemistry calculations.
= Simplest diatomic molecule = H3

2 2 2
A=T-kS kS 1k
r'A rp R

';,\ﬁ
oo

Hyom = EVom




I CHEMICAL BOND

[1l. Molecular orbitals 35

= Limiting conditions

A B TB>TA= VYoM ~ VisA

N
=

) B A > 1B = YoM ~ VY1s,B

YoM = CAVisA+CBVIs B = N(ca e~/ 4 CBe_rB/aO)



be
[1l. Molecular orbitals 5

m Variational method

aEapprox B aEapprox B

Eapprox — <\|IOM|I:I |\|IOM> - acA aCB 0

Solutions:

ca=cg  — VYoMl =cA(Visa+Vis8) —E1 <2 Eaom
ca=—cg = VWom2=cA(VisA—Vis.8) —E2>2 Eaom

Probability densities

2
wom,1I* = leal® (IWis.al* + [Wis 8 +2Re{ W} sW158})
omol” = leal* (IWisal® + [Wis 8" —2Re{ W, sW1s5,5})



CHEMICAL BOND

N
o

[1l. Molecular orbitals

Nodal
plane
| =
! £
=
| ©
| a b U'Ts
Antibonding

Probability

o a b T

Bonding
15 orbitals of Electron charge
density (probability) Energy

two widely
separated along a line joining two level
hydrogen atoms hydrogen nuclei: @ and b diagram

Molecular orbitals
of H, molecule




CHEMICAL BOND

[1l. Molecular orbitals

= Energy diagram.
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CHEMICAL BOND

I1l. Molecular orbitals B

= 2p orbitals

) o.o J/’ 00;0-0 U;p (antibonding)
2py

-:r; "y {antibonding)

o

|

& & 4
~—

2py 2p, 6 75, (bonding)

o. ; .o 73, (antibonding)
g + g N Q: 0
2p, 2p, Q 5, (bonding)
=



CHEMICAL BOND

I1l. Molecular orbitals B
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CHEMICAL BOND

[1l. Molecular orbitals

= Representative elements
= Pauli exclusion principle and Hund’s rule

4 / Uf; \ 7 Uf: " 1 f, Ulﬁ \\ f, Ulﬁ \\
! \ /’ \ = /! A f’ \
7/ X, / \ 50 _'_\f \f'""— __\f \r"_'
Eﬁ s o ATEETES Ms 5 Is sIs sy S s
g \\ fl \ /’ Lﬁ AY / \ /
m \\ * f’ \\ ?' /, \\ ++ if \\ ‘-' /
O s Ojg O
H,* H, He, " He,
_ 1 . . .
= Bond order = 3 (Ne bonding — Ne antlbondmg)
OF. ;= +(1-0)=05 OBy +—=—(2—1)=0.5
4+ = = — = U. —_— — — = .
Hy 2 He, 2
1 1

OEg,=5(2-0)=1  OEge,=5(2-2)=0



CHEMICAL BOND

* i
i v
L I
s X i i T n L
2;:' lpk e Ip : ¥ Ly L
2p L] "I'_ 2 2p by 4y by i by 1]
¥ I N R Y 3 O T A [T R T R L ikl ty L4
2 Y = H] H [t
24 i) e t te t s bl H] X
Liy Be, B, (o} N, 0y F, Ne,
Bond order 1 0 1 2 3 Bond order 2 1 0
Magnetism Dia- - Para- Dia- Dia- Magnetism Para- Dia- -
magnetic magnetic magnetic magnetic magnetic magnetic

m Paramagnetism = e unpaired.
VBT = (O = O) diamagnetic = @
= Distance and energy bond
B> Co Ny O Fr» Nes
D¢ (kd/mol) 290 620 941 495 155  —

o

R.(A) 159 131 110 121 143 -
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molecules
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I1l. Molecular orbitals '(g

co ] [tv] [He] U]ty

09 025 9 Tp Tan O2p

Vo, = a\|’2s,C+b\|st,O — ‘a| < ‘b|
Vo3 = CcWos,c+dVas0 = |c| > |d]




