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: theories of
o Molecular Orbtta:i(M()) Theory h‘f:'g::-nrwo clectronic theorics — Valence Bond (VB)
a e (MOOIOUIOfdy::?:llom“fdmon(bchllis)f‘:‘or B
" ; s of elect i i 1
- : . erms of single electron. ectron pairs while molecular orbital
- to this theory electron pair of

when such a molecule | a molecule in its g ;
| " is placed in Jj ground state arc in a statc of constant
wavelength of light (photon) .nhso:lbclghk;‘.“ 3 bsorbs photon of appropriate energy and gets

cpends upon the energy difference of the ground

of the molecule. The smaller is (b
¢ smaller is this difference, the greater is the wavelength of light

ing to this (bcory
Reson: 0l Various structures of the molecule which dipolar structures also

N z% O,O?h(;(:‘; gorg];r &‘L‘;ﬁ;ﬂft. the encrgy difference between the ground and exerted
ool R eried , the grpund state and excited state, is decreased.

m the d Ol clectrons participating in the resonance, the smaller is the energy
ence between ground and excited state of the molecule and greater the wavelength of light

: , contribution of the dipolar structure is greater in excited state in comparison to the ground

ene is colourless while butypolyene is coloured. Infact, the intensity of colour increases wi
ypoh L A \ th
in number of double bonds in the molecule. This can be cxplained on the basis of valence

eor . Ethylene can be considered as a resonance hybrid of following structures I and 11
e ry 8

I I

. ground state of cthylenc, the structure I predominates whereas in excited state the structure
ninates. The encrgy difference between the two being very large, the energy of the photon
is very high i.e. energy of shorter wavelength is required. The colour produced as a result of
»f very short wavelength will be very light. In 1, 3-butadiene and 1, 3, 5- hexatriene, due to
o ation. the contribution of the dipolar structure is more. Since the number of electrons

difference between the ground state is quite

conance is quitc high, therefore the cnergy
SOnsmce s 9 4 ired to excite the molecule.

.r wavelength of the photon is requi
| required to excite the molecule, the greater is the tendency

or is wavelength of photon . .
 CC Hence the coIl)our producing tendency is an the following order.
o O CHy = CH-CH=CH,  CHy=CH-CH = CH—CH = CH,

} e = 2170m A = T80
1 S-Blﬂﬂdl‘ﬂc 1.3, S-Hexatriene
(Colourless) (Colourless)
3 : g = CH
: - ~CH-~CH=CH~C=» .
k =CH- cu = CH = _?: mf;
o 8 1.10-Diphenyl-1 3,7, 9-decapentalene
; (Orange) : A
.+ i 11 rnpiugated double bonds (more extensive goniuganon) the
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{he complementary coloug of A

It may be noted here that the colour of the compound & actually

light absorbed ‘ y

) X ot (e gr y
When some group, which exerts electron donating induetive OF by (:\\Tl?t\\v\‘l lt : |;‘ ““‘{‘i:“\\‘lt :
‘+1 (+ Reeffect) or electron with drawing fnductive or resonance eﬂm‘“ (‘;\:;xn\rmw extonsive due mv;i d
15 present at the end of the conjugated system, then the conjugation hocot with the 7t electrong of "‘ ;
involvement of the lone pairs of electrons present on the heteroatoms | oharged stiucturey (.
conjugated system. This results in the inereaso of the contribution ol the (8 ,A
dipolar) towards the resonance hybrid.

‘.
2 ottw CH = CH* NH
AAAAA, N . 2 Y ) w(‘“*(l“(l‘ { )
H, m—-mcnﬁm, ap e G

0
*9‘0 e CH = CH: it e N
~~~nn CH £ CH H{eANg > aanns (- CH \”

N (- Reftoct)

: : colour, becomes gl
As a consequence, the required wavelength of the photons (0 produce the ' sl

longer. This can be explained as below.

Benzene is resonance hybrid of two ketone structures
dipolar (charged) structures also. Though benzene itsell isa ¢

5 —0—Q-

When some chromophore like = NO, group is attached with the benzeno ring, then the compoy !
absorbs at a higher wavelength, Similarly, when auxochromes like = NH, and = ()H\. group an
attached with the benzene ring, then increase in resonance takes place and wavelength of the photor
required to excite the molecule increases,

¢ with some contribution by (i

togethe
. yol it is colourless,

hromophore,

NH, NO, NO,
=240 =230 nm =270 nm
(c%lourlcsSm )\(?oloml@s) A("&lvurlesa) NH,

o = 3730m
(yellow)

The colour of quinones may be explained by resonance among the charged structures,
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9.7

‘ imilar resonating st
§ e are S ; ructures for 0-benzoquinope,
0 O Q e e
& 0 0 0
0 8
® 0 0
o G
— & > <«
®

008 gonance in a conjugated system i e

ot f onance will diminish or di’sappeér. nce is hindered, the colour of the compoun

jan 5
ﬁuc {0 r;; olecular Orbital Theory,

cco.rding.to n;;)tl)?;lilil;’htchfory, One electron gets transferred from bonding or non-bonding orbital
an n.bon ll;%fcrem types fa. lmolecu]e absorbs a photon of light on being placed in the path of a
* o light. Dt : PES ol electron transitiong take place depending on various types of electrons
3 (ina molecule.
¢ e . . . ]
f rranslif:io:n in which a bonding o electron g excited to an antibonding o-orbital is called
Rpansition. .
07 4 gansition in which a bonding 7 electron is excited to an antibonding m-orbital is called
‘trausition
55 ition in which one electron s . ) . ;
(ransitio L,  0f @ lone pair (i.e. non bonding pair of electrons) to an antibonding
4 ogital is called the n — 7" transition. This is shown in Fig, 1, g pair of )

g ] ] o>

3 ‘ ‘ 8 8"' Antibonding
ot * !-?-‘E.

n % n Non-bonding

4 g 8

Fig. 1. Electronic transitions in molecules.

ENERGY

o]

A
7
E]

I

7

=

Bonding

This type of transition takes place in molecules containing double bonds involving heteroatoms, e.g.

>C=0, > C = 8§, >C = N- etc. and may be represented is
e n-n" . n—m" 4%
>C-0: «—>C=0: —— >C=0:
* * * *

The relative energies of there transitions are 0—0 > 0 -1 ——> 7 — 0 > n—x

Among the above mentioned transitions = — z* and n — z* transition occur in the ordinary UV
region (200—400 nm). Moreover 7 — 7z transitions has greater intensity as compared to n — x*
Uansitions and are, therefore, responsible for colour with the increase in conjugation, the absorption
wsm‘ from 7 — #* transitions shifts to longer wavelengths and finally to visible region and is thus
"esponsible for colour. This is explained as below :

In case of ethylene, there are two types of transitions viz, 0 — ¢* and = — 7*, As the longest wave
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9.8 Syntheric : :
y 0B

rs in the far ultraviolet region, cthyj, -
n, The conjugation in bugag; 4

\

visible region and hence the im““sily ¢
1§

L‘iﬁglhlband abso'rbs at 175 nm and hence this band 0¢C¥
8 our' ss. Butadiene has Amax @t 217 nm resulting from 2t =
“gﬁ?'f!cd o the band to longer wavelength but not still 18 the
grcatly increascd. Explanation for this offered below. i { the other. On bringing (h
A double bond is made up of two x MO'’s —on¢ bonding an¢ . and 7, are bonding ang Vo
double bonds into conjugation, four MO’s are forward. TWO of lhbi‘/ : ntibonding. This is sh e
of them is occupied by a pair of electrons. The other (WO w3 and 7 A1 4 U i
Fig, 2 ) :
: ; -ular orbital) H, incr,
From Fig, 2 it is evident that the encrgy of HOMO (highes! oceupied ’""’s’::"m g conlcqi Teay
and that of LUMO (the lowest unoccupied molecular orbital) 73 dcuc“l‘lcr. cn;rgy -, n;‘: the
energy levels involved in w — z* transition come closer and therefore sma ca. T

soné | i ly smaller th
T e hutadienc 18 considerably : an |
the energy difference between m, and mj orbitals in 1, 3-buta i icie abucy,

" transitio

3
hy

between the corresponding energy difference in cthylone. It i PEARE B Coleray levels come clog
a longer wavelength (217 nm) than ethylenc (175 nm). Moreover bccqt , of absorption in 1, 3~buhd0‘8°f.
their interaction in the excited state is increased and thus the intensity “HliCne
is higher,
vyt |
* f”” \\zr'_‘r-x
e ] ca
L 3 ~ L //
Ny el
B 1ty (Lumo)
175 nm 217 nm 175 nm
Al (Homo)
P R
n—l_ﬂ_<// \:%L_x
CHy=CH, ™, A gt CHy=CHy
h §* d

CHy = CH-CH = CHap
Fig. 2. Molecular orbitals of 1, 3-butadiene.

It can also be explained in a similar way that when three double bonds come Into conjugation (),
energy difference between HOMO and LUMO is still lower (as shown by arrows). This InCreases he
wavelength of n — 7 absorption band. When the increased wavelength reaches the visible region
complementary colour appears in the compound Fig. 3.

Lumo
.7<. Lumo
Lo s Lumo
Lumo
A e e el o e S5 | S
=
]
Homo
Homo
Sl Homo
Homo

Ethylene Butadiene Hexatriene  Octatetraene
= NE NN INININY

Fig. 3. The energy difference between HUMO and LUMO decreases with the increase in conjugation this shifting ¢
absorption bands to longer wavelengths.
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eﬂmple, in polyenes, CH3(CH & n 9.9

and hence the com

g us take U another CXample max 478 and 4225) and ¢ afz, yellow colour. Similarly, f-carotenc

y ; IDits complementary orange colour.
. are also colourless. Wi (1 20€ absorhys . P ry g
s the visible region. Naph:llla ccn(:; :li::!rleascs Si:ltggttnr:; ggd ‘Sf c{olmarle:s& Na hthaslts::)lc 3?)?1
i . I o ’ T
wmplementary yellow colour. Pentaccnefg‘\;;éi%emy fuscgi rings ab\;?;bs l;::‘t ¢ \t)l\?e iegiog and
S Orange light and thus exhibits complementary

19 Soo%

'Jr‘" - 245 nm )'mu 378 nm NapM (ellow)
i _;:5,1'» L— I 4 — | T TR

Pentacene (blue)
Pnax 380 nm

gy e, among the cis and ¢
of € m&l t’he fis tgorm i< col our{Z::, forms of hydroxyazo compound, azophenol, the trans form is

. Me N= Me Me N=N~—Q
. HO Me Me HO

cis trans

1 form exhibits resonance and is coloured while in cis form a planar configuration is
due to the spatial effect of o-methyl groups and therefore resonance is inhibited. Hence cis
Urless
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