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L I TRA-VIOLET AND VISIBLE SPECTROSCOPY o

Introduction

_-arhe alternate title for this technique is Electronic Spectroscopy since it involves the promotion
l of electrons (o, 1, n”* electrons) from the ground state to the higher energy state. It 1s very
useful to measure the number of conjugated double bonds and also aromatic conjugation

ted and non-conjugated systems;

moannular and Heteroannular
s occur in the

within the various molecules. It also distinguishes between conjuga
o, ﬁ-Unsaturated carbonyl compounds from [, y-analogues; ho
conjugated dienes etc. For visible and ultra-violet spectrum, clectronic excitation
range 200-800 mp and involves the promotion of electrons to the higher energy molecular orbital.

Gince the energy levels of a molecule are quantised, the energy required to bring about the
excitation 1s @ fixed quantity. Thus, the electromagnetic radiation with only *a particular value of
frequency will be able to cause excitation. Clearly, if the substance is exposed to radiation of some
different value of frequency, energy will not be absorbed and thus, light or radiation will not suffer
any loss in intensity. If radiation of a desired or correct frequency is passed or made to fall on the
sample of the substance, energy will be absorbed and electrons will be promoted to the higher
energy states. Thus, light radiation on leaving the sample after absorption will be either less intense
or its intensity may be completely lost.

Substances absorbing in the visible range will appea
range — See Fig. 2.1). The wavelength of particular radi

terms of frequency or energy in kcal mole .

¢ coloured to the human eye (For visible
ation absorbed can also be expressed in

~ Ultraviolet Visible

1500 2000 4000 ’ 2000 A
800 m

—— Wavelength

The range of UV-visible Spectra.

Ip = 10" ecm
Imp = 1 nm** =107 cm = 10A

Let us calculate the energy associated with radiations having wavelength 280 mu.

5 = 280 mp = 280 x 107 em

We know that E = hv
h.£ (h = 6.62 x 1077 ergs sec.)

1

Avogadro’s number N = 6.023 X 10%

4.18 x 10" ergs = | calorie
6.62 %107 x 3% 10" % 6.023 x 10" ,
062180 227" 7 = ——— keal mole

E - -
280 % 10" x 418 x 10" x 10

100 keal mole '

1

Note. It is not advisable to keep the compounds in ultra-violet radiations except for taking the

Spectrum.

~ Arecord of the amount of light
light in mp or nm units is called absorption spectrun

absorbed by the sample as a function of the wavelength of
1 which generally consists of absorption bands.

Non-bonding electrons.

nm means nanometers.

Liummm P T wew
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(1)) kx5l
lnI : J/n(“-x) _kxl !
\ 10 5
' ’ _ 5 x In(0.8) =0 (0.8)
o '"{7;, ’ 1 _(08) = 0.328

5 . ht =
- mitted 11€ I
Taking antilogs, the fraction of the trans 0

=0.328

b d= 1 — 03:8 - 0-672 a
- }
(CmHlﬁO) in hexane in a [() on

/ I,-1, _ or I
We know that — = —— = 0.328 ks
I 1

o . i
Clearly, the fraction of the incident light ab )
anic ketonic compoun

GIXTYHA For a solution of 078 What is the concentration of the organic compoung;
cell, the absorbance was found to 2.52. Whal 1
(Given €, = 14). '
SOLUTION. Given that : Absorbance (A) = 2.52
€y = 14, cell length, / = 10 cm
Applying the solution: 4 = €.c.l.

c 4 s
oncentration, ¢ = el = Tox14

! Measurement of Absorption Intensity |
It may be noted that the intensity of absorption is directly proportional to the transition
probability. An allowed transition will have €, value greater than 1000 while those having low
transition probability will have its value less than 1000.

Selection Rules : The various electronic |
transitions which are governed by certain
restrictions are called selection rules. These are:

(/) The transitions which involve a change AN A A ae LA CHOH

in the spin quantum number of an | e
electron during the transition do not
occur. Thus, singlet-triplet transitions
are forbidden.

=18 x 102 mole L

-~ ‘ “Mmax

(zi) The transitions between orbitals of
different symmetry do not occur. For
example, n — m* transition ig
symmetry forbidden.

Absorbance —

The wavelength of light corresponding to J‘
maximum absorption is written as ., It can 200 plo i L
be directly read from the horizontal axis g o "
shown in Fig. 2.2. The Figure shows the ultra- 2. Ultra-y;

instrumentation

tometer is i :
A'speclropho.orp Is a device which detects the Percent.
when light of certain intensity and frequency range is pagge Ntage trangm
compares the intensity of the transmitted Tight iy i E; t;‘mu 2h the sam tlanCe Of light radiatio”
L of the ; ple

MCiden light hus, the insgrument
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(Molecular weight 100-200) is acF:urat s 50
solution upto 100 ml volume. A little 0
solution in the cell should be 1 cm-

|so taken in an eXaq avelens

atic beams of ¢ ,complex
ssed a8 Eiem monochrom ] as the ref " levels am
e then expose to le cell as well as eferen, lev ‘
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are then COYtT; the absorption of the solveng, T
o ffects due 1O the absorptj,

the absorptivity may be sometimes €Xpre
similar cell (Reference cell). These cells 2 . sass th
intensity in the spectrometer. After the be?m‘dpbeams
cell, the intensities of the respective tr ansmitte

nically
range of the instrurhent, The spectrome e’ eleCtr(z)lution. ence, the € ittance characterig; ke
the reference beam from the absorption of the s pance or the transm 1 ”
i . ced. In this way, the absor . onsity of absorbance vers,
of light by the solvent are minimised. for the int -l

ignal
measured. The signa
1y recorded on the grap

ength A (abcissa)- The

h. The spectrum is usually plotte

. 3 (I d,t
plot 18 often represented as g, b wed, |
tht, [} XCl1

of the compound alone can be :
corresponding wavelength is automatica
as absorbance A (log,, /,/I) against wavel

incti ient” i length. > n e eI
(Extinction coefficient™) against waveleng od. Thus, i photoelectrlc cells P1 an

When the sample absorbs light, its intensity 1S lower % arm from the sample cell. T e AT
P, will receive an intense beam from the reference cell and a wea ﬂe trom the photoelectric ol <2 U
results in the generation of pulsating or alternating currents which tlow wor. which in tum 1 iatre
to the electronic amplifier. The amplifier is coupled to a small servomotor, e oinall ,hl 3 ogele
coupled to a pen recorder. Thus, it records the absorption bands automatha y. Actually, th £ bne:
amplifier is coupled to a small servomotor which drives an optical wedge into the reference bean - by

until the photoelectric cell receives light of equal intensities from the sample as well as th for

>qllad
reference beams. >l ;
. . 1 V)OIV
Formation of Absorption Bands railal
We expect the spectrum to consist ', o P—t
of sharp peaks and each peak will @ | E E,
correspond to the promotion of electron = |
from one electronic level to another.
A

But. actually sharp peaks are seldom

observed and instead, broad absorption | Y——— Vs
bands are recorded. It is due to the | \e—
fact that the excitation of electrons are V, ‘

also accompanied by the constant
vibratory and rotatory motion of the
molecules. The vibratory and rotatory
modes are also quantised. A molecule
in a particular electronic state is also

quantised. Clearly a molecule in a Vs

particular electronic state is also

accompanied by some vibrational V2

and rotational states. The differences y I3
1 - I,

between two adjacent clectronic levels
is more as compared to the adjacent
rotational levels while the difference
petween the adjacent vibrational levels
has some intermediate value. The Energ

b ) . y CUryveg for
electronic excitation 1s superimposed upon rot

. a3 di- .

ational apq vit ? diatomic molecule.
- raty
It is also called molar absorptivity. tiong| ICVQ]g
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ven vibrational and rotational level
onal level within the next electronic

Clearly: during promotion, the electron moves from a gi
gether) responsible for

ne clcctronic.modc to some other vibrational and rotati
hus., lht‘rC_W'” hc.u large number of possible transitions (close t0
electronic, rotational and vibrational levels. Hence, not just one but 2 large number of
wmfclcnglhﬁ which are close enough will be absorbed resulting in the formation of bands. In more
plex molcgules which contain a large number of atoms, the multiplicity of vibrational sub-
d their closeness results in the discrete bands to coalesce and thus, broad bands are

e it
_ the  mode. l'
Wn, change "

COI'I]
observed:

Theory of Electronic Spectroscopy

1

,\:::’ Wwhen the molecgle absorbs ultraviolet or visible light, its electrons
"Sug d state t.o the higher energy state. In the ground state, the spins 0
ted cular orbital are essentially paired. In the higher energy state, if the spins of the electrons
: .. ned, then it is called an excited singlet state. On the other hand, if the spins of the electrons in
the « xcited state are parallel, it is called an excited triplet state. The triplet state is always lower

ergy than the corresponding excited singlet state. Therefore, triplet state is more stable as
state. In the triplet excited state, electrons are farther apart in space

Ision is minimised. Normally the absorption of ultraviolet or visible
te transition, i.e., excitation proceeds with

e is converted to excited triplet state with the emission

the
Sf mergy as light. The transition from singlet ground state to excited triplet state is symmetry
he forhidden. The higher energy states ar¢ designated as high energy molecular orbitals and also
. I'=d antibonding orbitals. The highly probable transition due to absorption of quantised energy
1 volves the promotion of one electron from the highest occupied molecular orbital to the lowest

\wailable unfilled molecular orbital. In most of the cases, several transitions occur resulting in the
~=ation of several bands. e - 14

get promoted from the

f the electrons in each
are

n M~

ind . .
hig'| "B pared to the excited singlet

- pdhus, electron-electron repu
t results in singlet ground state to excited singlet sta

li
| e retention of spins. An excited singlet stat

YOy Venhte

B N
“2.)
# >

Types of Electronic Transitions
when a molecule is excited by the absorption of

molecular orbital theory,
its electrons are
g orbital.

According to the
y (UV or visible light),
sted from a bonding to an antibondin
(i) The antibonding orbital which is associated

with the excitation of o electron is called .
antibonding orbital. So O to 8%
transition takes place when o (sigma) gI
electron is promoted to antibonding (0) Y
orbital. It is represented as 0 = c* " n — Tk

transition.
(iiy When a non-bonding electron (n) gets n g

ed to an antibonding sigma orbital
o* transition. o — O

(0)

n — o*

promot
(c*), then it represents /7 —>
_ qr* transition represents the
an antibonding
2.5)

(iii) Similarly 7 Electronic excitation energies.
promotion of 7 electrons to
1 orbital, i.e., T* orbital, (See Fig.

fcalled sigma asterisk.
+Unshared pair of electrons.
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c— 07 n
Antibonding
| o*
RE: Antibonding
o
e Nonbonding
w o on
x Bonding
G Bonding
n energies.

Electronic excitatio
ed in ultraviolet spectroscopy.

It is a high energy process since & bonds are, in general, very s
ell electrons are involved in the fOI‘n“at'roné
| ultra-violet region, ie., 180-400 ;n;OHF i
_ o

150 mpy (hlgh enel’g\

Let us
now : .
consider the various transitions involv

The organi
ganic compounds in which all the valence sh

sigma bon
e h(;/ii r<(i)<c)antc))t show absorption in the norma
. .
ons, like methane, propane etc. absorption occurs near

Consid
er o — o* ition i
transition in a saturated hydrocarbon :

N\
il s2ety O o
o*
& ™
§
a— ox

Various C=cC
~ tr}j citi 4 (\\,
Such a transiti Nsition ir =0
Jsual Spcctmrdnsnmn requires radiat; Wolved jp, Elect
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e lon net t ”“O



21
Ul [RA-VIOLET AND VISIBLE SPECTROSCOPY

- : ‘ - - : , converted to excited
of clectronic spin. [t 1s called excited singlet state which may, In turn, gets
(

ate. This region is less informative. .
This type of transition takes place in saturated compoungS Coqtamtlhnii

one hetero atom with unshared pair of electrons (n electrons). Some Compoundznl]l?n:srge(;ngsuch
type of transitions are saturated halides, alcohols, ethers, alfiehydes, ketonei, O ions, Water
(ransitions require comparatively less energy than that requlred'for o e o g
absorbs at 167 mu, methyl alcohol at 174 mp and methyl chloride absorbs at . my. '

In saturated alky! halides, the energy required for such a transition decreases with the increase
in the size of the halogen atom (or decrease in the electronegativity of the atom).

triplet St

_> C—X: _'if_) _> c—X:
/ ) / 33

Let us compare n — G* transition in methyl chloride and methyl iodide. Due to thp greater
electronegativity of chlorine atom, the # electrons on chlorine atom are comparatively difficult to
excite*. The absorption maximum for methyl chloride is 172—-175mp whereas that.for'methyl
iodide is 258 mp as n electrons on iodine atom are loosely bound. Since this transition is more
probable in case of methyl iodide, its molar extinction coefficient** is also higher compared to
methyl chloride.

Similarly, amines absorb at higher wavelengths as compared to alcohols and hence the extinction
coefficients for amines will be larger. n — o* transitions are very sensitive to hydrogen bonding.
Alcohols as well as amines form hydrogen bonding with the solvent molecules. Such association
occurs due to the presence of non-bonding electrons on the hetero atom and thus, transition
requires greater energy. Hydrogen bonding shifts the ultra-violet absorptions to shorter
wavelengths. (For details see solvent effects).

This type of transition occurs in the unsaturated centres of the
molecule; i.e., in compounds containing double or triple bonds and also in aromatics. The excitation
of @ electron requires smaller energy and hence, transition of this type occurs at longer {JVaVélength.
A 7 electron of a double bond is excited to m* orbital. For example, alkenes, alkynes, carbonyl
compounds, cyanides, azo compounds etc. show T — 7* transition. Consider an alkene:

el I2F, Seied

This transition requires still lesser energy as compared to n — o* transition and therefore.
absorption occurs at longer wavelengths. Absorption usually occurs within the region of ordinary
ultra-violet spectrophotometer. In unconjugated alkenes, absorption bands appear around
170-190 mp. In carbonyl compounds, the band due to m — 7 transition appears around 180 mp
and is most intense, i.e., the value of extinction coefficient is high. The introduction of alkyl group
to olefinic linkage produces a bathochromic shift * of the order of 3 to S my per alkyl grn;up. The
shift depends upon the type of the alkyl group and the stereochemistry about the doublc bond.

In this type of transition, an electron of unshared electron
hetero atom gets excited to m* antibonding orbital. This type of tr
of energy out of all the transitions_discussed above and hence

pair on
ansttion requires least amount
oceurs at longer wavelengths,

C=
R~

R -
Saturated aldehydes ( N ():J show both the types of transitions. i.e., low energy n —> T and

Greater the probability of a particular transition, greater the value of its molar extinction coefficient
max*

Shift towards longer wavelength
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e 0 C
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that of the latter. The exact elegtrOY:'l‘znOw11 ut the €le . high eneré es of transition ;
absorption of UV or visible light) 1s n0
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nds. two
Ompou Ouﬂdss
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of electrons within the molecule. In ;:trurated carbonyl €
. in
occurs and is quite intense. Thus,
place which can be classed as :

"l

(i) n — o* (intense)
(if) m— m* (intense)

larity of the solyg,,

n — 1* (weak)-R*band. o dependS upal the polarity ent

In carbonyl compounds, the shift .m the absorp (
n takes place from a bonding orp; !
nd is exposed to UV or visih

Transition Probability

It is not always necessary that the excitation' of an electi(()) o
or lone pair to an antibonding or nonbonding orbital when a
light. It can be shown that
Extinction coefficient
€nm = 0.87 X 10°. Pa
where P = transition probability with values from 0 to 1.
a = Target area of the absorbing system, usually called a chromophore *

It is found that the values of €, 15 about 10° when the choromophore has a length of the orge
of 10 A or 10”7 cm. The chromophore with low transition

govern the transition probability

Depending upon the symmetry and the value of € the transitions*** capn pe classed as :

The transitions with values of (extinction coefficie 4 Tl
allowed transitions. They generally arise due to 1t — g " ?"nm, riore than 10 o BN el
at 217 mu e, 21,000 is an example of a]

The forbidden transition is a r
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.
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estrictions apply to the electronic transitions so that tran‘sitions maybb“: zzzeravtg|;1;]l(e)2g€lcgcl:t?(‘mllt%
,,@ICCU“"' orbitals exceq: amoxlwtg filled orbitals. Clearly, for such a substance,
, tion spectrum will result. IC
dbs()g)etweterl symmetrical and totally unsymmetrical extremes, a large number of Orgai?il;nc?sn;rl)l(z)ﬁ;
{all which absorb light in the ultra-violet-visible region. TQ decide whether the trans
or forbidden for such molecules, it is important to consider

(i) the geometry of the molecular orbital in the ground state

(i) the geometry of the molecular orbital in the excited state and o i

(i) the orientation of the electric dipole of the incident light that might induce the transition.

o ition i riate
The transition will be an allowed transition if the above three factors have an approp
symmetry relationship.

The Chromophore Concept

All those compounds which absorb light of wavelength between 400-800 mp appear coloured to
the human eye. Exact colour depends upon the wavelength of light absorbed by the ciompound.
Originally, a chromophore was considered any system which is responsible for imparting golour
to the compound. Nitro-compourids are generally yellow in colour. Clearly, nitro group is the
chromophore which imparts yellow colour. Similarly, aryl conjugated azo group is a chromophore
for providing colour to azo dyes. Now, the term chromophore is used in a broader way.

It is defined as any isolated covalently bonded group that shows a characteristic absorption
in the ultraviolet or the visible region.

The absorption occurs irrespective of the fact whether colour is produced or noti Some of the
important chromophores are ethylenic, acetylenic, carbonyls, acids, esters, nitrile group etc. A
carbonyl group is an important chromophore, although, the absorption of light by an isolated group
does not produce any colour in the ultraviolet spectroscopy. There are two types of chromophores :

(a) Chromophores in which the group contains 7 electrons and they undergo n» — m* transitions.

~ Such chromophores are ethylenes, acetylenes etc.

(h) Chromophores which contain both 7 electrons and n (non-bonding) electrons. Suck.
chromophores undergo two types of transitions i.e., T — m* and 7T — 7*. Examples of
this type are carbonyls, nitriles, azo compounds, nitro compounds etc.

N 7/ AN .
In compounds of the type —/C——C\—and —C—H absorption occurs around 150 my
(vacuum ultraviolet region) as result of & — 6* transition.

For compounds containing such atoms as —0— —S—, >N absorption occurs around

190 my as a result of n — o* transition.
There are no set rules for the identification of a chromophore.

as the intensity of absorption depends upon a large number of factors. Following points may be
helpful - '

The change in position as well

(i) Spectrum consisting of a band near 300 Mt may contain two or three conjugated units
(i) Absorption bands near 270 350 mp with ver

y low intensity, €0 10
n — T* transitions of the carbonyl group. S

ce table T, 1.

(i) Simple conjugated chromophores such as dienes or o, b |
€. values, ie. from 10.000 (o 20,000,

(iv) The absorption with €,

100 are due 1o

Unsaturated ketones have hioh

o Value between 1000 10 10.000 shows an aromatic system

Although less intense, it is most characteristic of carbonyl group.
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When aromatic nucleus is substituted with groups which can extend the chromophere,
absorption occurs at stil] higher values of extinction coefficients.
The presence of a compound or a functiona] group can be confirmed by oth
spectroscopic techniques. virty
All compounds with the same functional group will absorb at the Same wavelength with nearl ow'
the same extinction coefficient if the disturb ;n :
: . : J ig
espective absorption maxj incti fent
are given in Table T,-1. p Ima and extinction coefficien ¥§\
€
Auxochrome exp
the

An auxochrome can be defined as any group-whi
. P-Which dpe :
whose presence brings about q .shiﬁ of the absorption bandst :M‘j; ’Zjelf act as a chromophore by .
(longer wavelength). The 'abso.rptlon at longer Wavelength i due T S the f*ed _end of the spectrz;n. . ;
and an auxochrome to give rise to another chromophye An auer ]’fomb-matlon oF & chirom ophOff ’
enhancing group. Au.xochrOmIC groups do not shey Characterigy; Chromic group is called colov S
common auxochromic groups are —OH, —o __ NHR - SOrPtion above 200 my, Sor
the auxochrome is due to itg ability to extend the oy — . g 1 sol
ko ion of 2» —SH etc. effect
non-bonding electrons. Thus, a new Njugation The

chromophore result . fa Chrorﬁo h ‘ ing 0l on
C s Phore rin
maximum as well as the extinction coeff; § Which hag a differ, by the sharing

icient, For exam

o o Nt valye of bsorptio! SO/
at 255 my [€,, . 203] whereas aniline absorbs gy 280 1m Plt;, bLnZene showsg an abs()rpl:ze ;axir:;um
i xochrome. “max 14307, A : n
1S an au Max ] €nce, adming (—NH,) groUP In
co
n

g T R T
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Consider the following :
&b

NH, NH,
Mnax = 280 nm My = 254 nm
(e_. = 1430) (e =160)

max max

In aniline, —NH, acts as a chromophore. But in anilinium ion, there is no lone pair on

nitrogen atom.
Consider trans—Azobenzene and trans-p-ethoxyazobenzene.

Trans-Azobenzene H,C,0 Trans-p-Ethexyazobenzens

Apax = 320 nm(€ ,, = 21000) Mpnax = 385 N (€ pax = 42000)

The presence of —OC,H; group (an auxochrome) increases the value of A, as well as €,
ing electrons. Due to this, there is

All auxochromic groups contain non-bondi
extension of conjugation of the chromophore by sharing the non-bonding electrons.

NN ] .
CH,=CH®N (CH,), +—>:CH,~CH=N(CH,),

Absorption and Intensity Shifts (L 1 | Hypesrghﬂromic
- o |

omic It is an effect by
virtue of which the absorption maximum is shifted T Hypsgﬁirf\tromic «— Bathgﬁ?f;omic
towards longer wavelength due to the presence of
an auxochrome or by the change of solvent. (See
Fig. 2.8.). Such an absorption shift towards longer 1 Hypochromic
wavelength is called Red shift or bathochromic shift. shift
The n — m* transition for carbonyl compounds
experiences bathochromic shift when the polarity of
the solvent is decreased.

It 'is an —— Wavelength (A5,

effect by virtue of which the absorption maximum Absorption and intensity shifts

length. The absorption

h is called Blue shift or hypsochromic shift.

and also by changing the pol
at 280 mp because the pair of electrons
ne ring. In its acidic
203 mp).

is shifted towards shorter wave
shifted towards shorter wavelengt

It may be caused by the removal of conjugation
solvent. In the case of anilin¢, absorption maximum occurs
on nitrogen atom is in conjugation with the 7 bond system of the benze
solutions, a blue shift is caused and absorption occurs at shorter wavelength (

+ . .
! @NHl ion formed in acidic solution, the clectron pair is no longer present and hence

conjugation is removed.
{0 which the intensity of absorption maximum
(257 mpe,, 275018 shifted

max

arity of the

It is an effect duc
INCreases 7.e., €,y 1NCreases. For example, the B-band for pyridine a
cHr Tmax
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to 2 S .
02 MU €4, 3560 for 2-methyl pyridine (.- e 21 o attac
N auxochrome usually increases intensity of absorptiof: which the intensity of ahg

Orpy i
ffect due t0 : ) Orpjinter

¥ect. Tt i as an etiec troduction of groy

sct. It is defined decreases: The 1n g £

- S fent. £ ; xample, biphen R
Z)e:lzc:s, 1(.;.1 ;xunclt:;:lgO;TS(; hyp(',"gflromlc effect. Foree 1(5’250 e dyelcabSQrR b‘u
& 190%,0 whe:eI;OZ-methyl biphenyl absorbs at 23et7h;ri“l;ip“ﬁ?ny1, max reasigz
the distortion caused by the methyl group in 2-m

e value of €pax

maximum déc
distorts the ge
at 250 my, ¢
It is due to

Types of Absorption Bands.

: itions in a com
Following types of bands originate as a result of the possible trans poung

- K-bands originate due to T — n* tranSitiO.n frqm : Con(:foel;ne(i Comaining
conjugated system. Such type of bands arise in compoum_js like: dienes, );1 ,T;nqnes %
K-bands also appear in an aromatic compound which is substituted by a .chromOI? ore; X jmensi\
of K-band, is usually more than 10*. The K-band absorption due to conjugated ‘enes’ and €nong
are effected differently by changing the polarity of the solvent.

:

SN iR T

Butadiene 1,3 - 7* 217 21,000 \\
Acrolein m- 210 11,500 |
Styrene T — m* 214 12,000 |
Acetophenone T — T* 240 13,000 \
2.3 dimethyl '

. Butadiene T — m* 226 21,400 |

! Pentadiene 1, 3 T — ¥ 223 22,600 J ¢

L 1
transition of a single chromophor .

tero atom. R-bands are also calle
a Value below 100,

1111 Such type of bands originate due to n — 7*
group and having at least one lone pair of electrons on the he
forbidden bands. These are less intense with &,

R S e ~»~7 S
1 -
| T R
Acetone ‘ n — m* 270
: Acetaldehyde 1 n — ¥ 203 15
| . | &7 N 5
* Acrolein \ n —» ¥ 315 12
Acetophenone ] n— m* 319 14 ‘z
. |
Methy! Vinyl ‘ 50 l
| |
Ketone n — m* 3909 !
| Crotonaldchyde g n— mn* 55 14 1
o ‘ of j — 14
Such type of bands arise due 1 1 Y T¥ tranc: ' l
e 7 - ANSIION 11 oy ]
molecules. Benzene shows absorption peaks between 23 27() 1IN aromatic or hetero-aromat®
@ chromophoric group'!
Konjugjenc—(jcrman
R-band or 7 — U* transition 1s most characteristjc for g
- a C

arbony| o, ) |
ared y Eroup of aldehyde or ketone. 1
’ @ ketope but l

appears at higher w aveleng

aldehydes. it usually ths comp

at lower value of €,
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attached to the benzene ring, the B-bands are observed at longer wave-lengths than the more
intense K-bands. For example, K-band appears at 244 my, €, 12000 and B-band at 282 my,
€ 450. Out of K, B and R-bands which appear in the spectrum of an aromatic compound,
R-band appears at a longer wave-length. For example, in acetophenone R-band (n — 7*, forbidden)

appears at 319 mp e 50 while K and B-bands appear at 240 and 278 my respectively. The fine
spectrum of B-band in case of

(i) substituted aromatic compounds and
(if) by the use of polar solvents

may be missing.
Table Tz—'4 B-band Transition

Benzene mn— ¥ 255 215
Styrene T —m* 282 450
Toluene T — 1* 262 174
Phenol T —m* 270 1450
Acetophenone T — t* 278 1110
Benzaldehyde T — m* 280 1500
Benzoic acid n— ¥ 270 800
Nitro-benzene T — ¥ 280 1000
Naphthalene T — 1t 312 289
Quinoline mn— ¥ 315 2500

I bands. Such bands originate due to the electronic transitions in the benzenoid system
of three ethylenic bonds which are in closed cyclic conjugation. These are further characterised as
E, and E,-bands. E, and E, bands of benzene appear at 184 and 204 mp respectively. £, band
which appears at lower wave-length is usually more intense than the E,-band for the same compound
which appears at longer wavelength.

| | |
| ! . |
| | |
?}R—‘"'WL“”}EE{T“‘ -

| Benzene 184 50,000 204 79,00 \
| Naphthalene 221 133,000 286 9,300 |
1 Anthracene 256 180,000 375 9,000 ‘
i Pyrrole 234 10,800 288 760 ‘
! Thiophene ~270 6,300 ~294 600 '
L Quinoline 288 I 40,000 270 3.162 \

Solvent Effects

A most suitsble solvent is one which does not itself absorb in the region under investigation.
A dilute solution of the sample is always prepared for the spectral analysis. Most commonly used
solvent is 95% Ethanol. Ethanol is a best solvent as it is cheap and is transparent down to 210 my.
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. benzen€ re n-hexane ?
al ethanol should no ) nspa i € avelg,
hich are transp e solvents wit Ynd

ultraviolet region. Some other solvents W

her etc. Som

alcohol, cyclohexane, acetonitrile, diethy! €t will
limit of absorption are given in Table T,~0.
forn
of n
Ethanol ;: (O)
Hexane 210
Methanol 210
Cyclohexane 210
Diethyl ether
Water 205
Benzene 280
Chloroform 245
THF (Tetrahydrofuran) 220
Carbon tetrachloride 265 J

Hexane and other hydrocarbons can be used as these are less polar and have least interactio;
v th the molecule under investigation. For ultra-violet spectroscopy, ethanol, water and cyclohexa
zerve the purpose best. o

The position and the intensity of absorption maximum is shifted for a particular chromopho:
oy changing the polarity of the solvent. By increasing the polarity of the solvent, compounds lik [n
dienes and conjugated hydrocarbons do not experience any appreciable shift. Thus, in general, th
absorption maximum for the non-polar compounds is the same in alcohol (polar) as well ast j,
hexane (non-polar). The absorption maximum for the polar compounds is usually shifted with th
change in polarity of the solvents. o, B- unsaturated carbonyl compounds show two different shift

. itig . ‘ In such a case, the absorption band moves to shortt W

wave-length by increasing the polarity of the solvent. In 5 — r* transition, the ground state is mor e

polar as compared to the excited state. The hydrogen bonding with solvent molecules takes plac _
to lesser extent with the carbonyl group in the excited state For 4 ; |
. . . ¢xample, abso im0

acetone 1s at 279 mp in hexane as compared to 264 mu in water ¢ ption maximy "

| ... For such a case, the
wavelength by increasing the polarity of the solvent. Tt
molecules lower the energy of the excited state more than
of absorption maximum in ethanol will be greater than t}

'absor.ption band moves to long
t]l(; d'Pf)le Interactions with the solven
at of the groung state. Thus, the valu d

1at observeq |
e n hexane
5 hexane. 0
T ;
D o & ;
AE; D |
AEp §
n
Non-Polar n AE; >
C E1> AR
Polar Solvent A
NOWF’()Idr
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In short, 7* orbitals are more stabilised by hydrogen bonding with polar solvents like water
and alcohol. It is due to greater polarity of m* orbital compared to T orbital. Thus, small energy
will be required for such a transition and absorption shows a red shift.

n — o* transitions are also very sensitive to hydrogen bonding. Alcohols as well as amines
form hydrogen bonding with the solvent molecules. Such associations occur due to the presence
of nonbonding electrons on the hetero atom and thus, transition requires greater energy.

Acetonitrile
Chloroform
Cyclohexane |
1,4-Dioxane
95% Ethanol |
n-Hexane
Methanol |
Iso-octane |

Water

Trimethyl |
phosphate
200 220 240 260 280 300 320 340 360

Nanometers (nm)

Transparency ranges of useful solvents.

In general, we say that

(a) If the group (carbonyl) is more polar in the ground state than in the excited state, then
increasing polarity of the solvent stabilises the non-bonding electron in the ground state due to
hydrogen bonding. Thus, absorption is shifted to lower wavelength.

(b) If the group is more polar in the excited state, then absorption is shifted to longer wavelength
with increase in polarity of the solvent which helps in stabilising the non-bonding electrons in the
excited state.

At has been found that increase in polarity of the soivent generally shifts n — n* and
_n = o* bands to shorter wavelengths and © — 7* bands to longer wavelengths.

Following points may also be noted in connection with the effect of solvent polarity on the
various types of bands.

The K-band absorption due to conjugated‘enes’ and ‘enones’ are effected
differently by changing the polarity of the solvent. Usually, K-bands due to conjugated dienes are
not effected by changing the polarity of the solvent while these bands due to ‘enones’ show a red
shift by increasing the polarity of the solvent.

The absorption shifts to shorter wavelength (blue shift) with the increase in
polarity of the solvent.

The position as well as the intensity of the B-band is not shifted by increasing
the polarity of the solvent. But in heterocyclic aromatic compounds, a marked hyperchromic shift
(increase in €, ) is observed by increasing the polarity of the solvent.

o P - A Cahriant ¢ Py Z o > £ Ablcarmnt:m 0n-
Effect of Temperature and Solvent on the Fineness of Absorption Band

It is known that the vibrational and the rotational states depend on temperature. As the
temperature is decreased, vibrational and the rotational energy state of the molecules are also
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lowered. Thus, when the absorption of light . spre
occurs at a lower temperature, smaller . go

distribution of excited states result. It
produces finer structure in the absorption
band than what is noticed at higher T
‘“mperature. Consider the UV spectrum of ~ E

Hodecapentaenoic acid in ether-alcohol -195 C'
solvent at 20 °C and 195 °C. ' (Finer sty
f
The solvent used also effects the 360 BéO 400 450
fineness of absorption band in UV spectrum. A (M)
If the dielectric constant of the solvent is Finess of absorption band.

high, there will be stronger solute-solvent Fig. 2.10(A)
interactions. Due to this, vibrational and

of the absorption bang
rotational energy states of molecules increase and thus, t

he fineness

Conjugated Dienes

The wavelength of absorption is shifted to higher values (_BathOChromllC Slt]}llﬁié;i t(‘:l)geo(rinh
~"zomophoric groups are present in conjugation in a molecule: For example, € 3’ : € oy
bond) absorbs at 170 my (m — m* transition) while butadiene (two double bonds In conjuga
2"sorbs at 217 my. The bathochromic shift is more pronounced if the double bonds are in conjuga

+ compared to the isolated double bonds in which there is a little interaction between them.!
« ’sorption maximum is usually shifted 15-45 mp towards higher wavelength in conjugated sys:
(compared to unconjugated) as the electron density is spread over at least four atomic centres. |

value of extinction coefficient also increases. In conjugated dienes, T — m* transition results in:
formation of a band, called K-band.

| Buadiene 1,3 27 | 2000
| 2,3 dimethyl butadiene 226 21.400
| 1,3,5, Hexatriene 254 VoL i
—_ | S 21,400 "
Vg —
—_— TOk —
T gk
= V3 —
o TOK - rk
2
=
W
T n
I Et(hGylene Unit "
- State) Ethylene
Yy (é S(atlej) it
T+ 7

nes
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__CH, diradical. The electron cloud is
urs at 170 my.
__CH=CH,). It consists of two

When ethylene molecule gets excited, it gives CH,
spread on two carbon atoms and the absorption maximum occur

Consider the absorption maximum of butadiene 1,3 (CH,=CH
ethylene units. The various excitations are shown in Fig. 2.11.

The two 7 bonding orbitals, one from each ethylene unit interact or mix up to give rise to two
new bonding orbitals.

(/) m+ m=m, or y,~having smaller energy.

(iily m— m = m, or y,-having higher energy.

P . P ~

n-bonding orbitals. Fig. 2.13. m* antibonding orbitals

The energy of y, is less than any one of the two combining atomic orbitals.

Also two 7* orbitals (antibonding) are formed from two ethylene units which are

(i) m* + m* = n* = y, having smaller energy.

(i) m* — n* = my* =y, having higher energy.

The energies of y, and y, are compared with any one of the two (m*) antibonding orbitals.

Thus, W, can be represented as shown in the Fig. 2.14.
In this case, all the four singly filled atomic orbitals have the same spin of electrons.

L + > @

Low energy atomic orbital ().

Thus mixing is complete and there is no nodal plane.

m-m=m, =\, can be represented as shown in Figure 2.15.

- +

+ +
High energy bonding orbital (y )

In this case, we see one nodal plane.*
Clearly there are double bonds between ¢, €, and €, € and there is a single bond between
., and Cs.

It is defined as an imaginary plane drawn perpendicular to the plane of propagation ot the wave where
the probability of finding the electron is
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n* + gt y, can be represem < L ’CL;
— + | -l 4
+ B or J/C; Cs
AV
" & 2 rpitals (V3 i
= Low enersy ant'bondmgble pond petween ¢, a 3
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wn in F18 2.17:

In this case, there are two no :
T* — m* = m,* = Y, can be represented as

ngh energy anti- bondm

This structure corresponds to high energy stat

Thus, in butadiene, four orbitals are involved. On

m, to m;*. Since the energy difference between T,
length. This type of transition is called

1 — m* transition. The net result is that
when two double bonds are in J
conjugation, the energy level of higher
occupied molecular orbital (HOMO) is
raised and that of the lowest unoccupied
molecular (antibonding) orbital (LUMO)
is lowered. (See figure 2.17).

Now this absorption corresponds to the
transition y (low energy or higher
wavelength). Similarly, when dissimilar
chromophores are in conjugation,
absorption occurs at longer wavelength as
compared to the isolated chromophores. In
general longer the conjugated system,
smaller will be the energy needed to cause
m — n* transition and therefore, absorption

Energy

occurs at still longer wavelength. In a long conjug:

the visible region (higher wavelength region).

The values of absorption maximum () as wel] , as ext
ax d X “]L(l
unconjugated alkenes can be compared from their spectrq : on coefficje
4 Shown in Fj
l(r ’) l‘)

The values of A, and ¢, are more for "

unconjugated alkene. A bathochromic as wel| g hyperchr.
of conjugated triene is compared to that of conjuga 10[;m eflect are
a4Cd diene

g orbital (Wy)-

e nodal planes.
lectron jumps fro
urs at higher way;

e since it involves thre
absorption of €nerey> e
% is less, absorption 0CC

to T,
* Tr* - T[*
, T4
| ¥ . LUMO
« n* + m*
- u’f[ T
2 "HOMO
| T
T
1 N T+ T

Transition 1, — 11

f—C=c=c=c

E}ectronic transition in
conjugated diene.

ated system |j
NAYA 1 Fa
y like carotene, absorption occurs if

nt for conjugated and

onjugated diene g
a8 compareg to those for an
e

obserye
‘Ived when the spectrum
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7
Unconjugated
o] Alkene
=
(4]
£
o
w
< Conjugated
Diene Conjggated
é ¢ - Triene
w
! 1 1 = e
200 250 300 350

] xmax

Absorption in conjugated and un-conjugated systems.

It is important to note that greater the number of conjugated double bonds, greater is the
bathochromic shift. With continuous increase in conjugation, the absorption may even shift to the
visible region. As the conjugation increases, the energy gap between HOMO and LUMO decreases,
(See Fig. 2.18). In case of PB-carotene which contain eleven double bonds, the absorption bands
appear at (i) A, 478 nm (g, 139000) and (ii) A, 452 nm (g, 122000).

Woodward-fieser Rules for Calculating Absorption Maximum in Dienes

Longer the conjugated system, greater is the wave-length of absorption maximum. The intensity
of absorption [g_. ] also increases with the increase in the length of the chromophore (see Fig.
2.19). The conjugated polyene system appears coloured to the naked eye if there are more than
five double bonds in conjugation and absorption occurs around or above 400 mp (visible region).
The presence of alkyl group on the double bond also causes bathochromic shift. Various types of

double bonds in conjugation are described below :
(a) Alicyclic dienes or dienes contained in an open chain system, i.e., where basic unit 1s

butadiene system.
(b) Homo-annular conjugated double bonds are the conjugated double bonds present in the
same ring. It is also called Homodiene. Some examples of this type are :

J (CXT

™~ l\\\v// 4 \\“"'\{// N »
(¢c) Hetero-annular conjugated double bonds are the conjugated double bonds which are
not present in the same ring. Some examples of this type are :

NG N A
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. d by .
double bong, part of the conjugated system- Lo ide the ring

. . t insl
outside the ring. Endocyclic double bond is presen
In the following examples : =

A B
xocyclic,

Contain twO €
(Exo) (Endo) (Exocylic double bond ( double bonds)

to ring A) in case of dienes, 7
ing the A ! AL
es for calculating mar oh type of diene )

these rules, '
Oimu m (A depends upon :

double bond.

Woodward formulated certain empirical rul .
rules were later modified by Fieser in 1948. ACC(?rdmg t
certain fixed basic value and the value of absorption .maX h

(7) The number of alkyl substituents or ring residues on.t © d

(if) The number of double bonds which extend conjugation an SR etc

(i) The presence of polar group such as —Cl, —Br, — O = tt hed 5 @i

Ring residue is a C—C bond, not a part of the conjugated system but attac Y one
the carbon atoms of the conjugated polyene system. . .

The various rules for calculating the absorption maximum in case of dienes and trienes;
summarised in the Table T,-8.

LELIERP Conjugated dienes and Trien

Parent value for Butadiene system or a cyclic conjugated diene 217 mp
Acyclic Triene 245 mp
Homoannular conjugated diene 253 my
Heteroannular conjugated diene 215 mp
Increment for each substituent
Alkyl substituent or ring residue
Exocyclic double bond > my
Double bond extending conjugation 3 mp
Auxochrome 30 my
—OR
—SR + 6 mp
—CI*, —Br* + 30 mp
—NR,; + 5 mp
OCOCH, + 60 mp
Ay 0 mp

Some examples illustrating the aboye rules arc‘as loll ve o .
N OWS : —

Calculate the absorption maximyy, A
n the

2, 4- Hexadiene. ultrq.,

iolet spectrum 0

Wavelength of absorption maximum,
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The basic unit in 2, 4. hexadiene is butadiene. Ther
(one on each double bond) on it. Thus,
(CH;—CH=CH—CH=CH—CH,)
Basic value = 217 mp
2-alkyl substituents (2 X 5) 10 mp
Calculated value 227 mp
The observed value  is also found to be 227 my.

Calculate the absorption maximum in the UV spectrum of

e are two alkyl substituents

Il

Il

= i — CH=CH—- CH,
CH,
It is a butadiene system. There are two alkyl substituents and two ring residues
on the double bonds. Moreover, there is an exo-cyclic double bond.
The value of absorption maximum is calculated as follows :

Basic value = 217 mp
2-alkyl substituents (2 X 5) = 10 mp
2-Ring residues (2 X 5) = 10 mp
1-Exocyclic double bond =  Smu
Calculated value = 242 mp

The observed value is also found to be 242 mp.

TR cutdaehe ()L )

It is an example of heteroannular diene and there are four ring residues on the

double bonds. Thus,

Basic value = 215 mp
Four Ring residues (4 X 5) = 20 mp
Calculated value = 235 mp

The observed value is also found to be 234 my,.
Calculate the absorption maximum for the compound

|
| \

/,
P

b

P

‘ ,.
4 1 .
f | in ethanol

)

It is an example of homoannular conjugated diene and there are three nng

residues on it. Moreover, it contains an exocyche double bond it Thus,

Basic value 253 my
3-Ring residues (3 # 5) 1S mp
I-exocyclic double bond 5 mp
Calculated value 273 mp
Observed value 274 mp
The calculated value and the observed value of absorption for a particular compound can differ by 5 my
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Calculate the absorption M&
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- in ethanol.

 a
ular diené and there

d in it. Thus

are three ring residueg i

. [t is an example of heteroann
Or€over, it contains one exocyclic double bon

Basic value = 215 myu
3-Ring residues = |5 mu
I-exocyclic double bond =_ Smp

Calculated value 235 mp
The observed value of absorption maximum in the ultra-
also found to be 235 miL.
: In case, both homoannular and heter
present in the same compound, then calculations are based on
homoannular conjugated diene system (253 mp).

Il

violet spectrum of this compoyy

oannular conjugated diene systemg,
longer wave-length, ie_ i

U.V. spectrum of
Heteroannular Conjugated

| diene
2x10*
| ol in ethanol.
\/
200 I
250 300
—
Wavelength (mp)
UV spectrum of heteroannul

ar conjugated diene

Calculate the valye v
te the value of u/).\'r),-/,”“” maxi
mum f;

W the
COMpoun

= _

[t is a homodiene system. There are fj
exocyclic bond and also two double bons Which ex, Ve ring residyeg
Xle oy -8 01 .
end Um“'f\’”li(m 1 the dUUhlc bisidls. @
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Basic value = 253 mp
2-double bonds extending conjugation 2x30= 60 mp
5-Ring residues Sx 5= 25 mp
1-Exocyclic double bond 1 x5= 5 mp
Calculated value = 343 mp
Observed value = 345 mp

Calculate ), _ for the compound.

max

It is a homoannular conjugated diene system. It contains four ring residues; two
exocyclic double bonds and one double bond which extend conjugation. Thus, A, for this compound
is calculated as:

Basic value = 253 mp
4-Ring residues 4x5)= 20 mp
2-exocyclic double bonds 2x5)= 10 mp
1-double bond extending conjugation = 30 mp
Calculated value = 313 mp
Observed value = 312 mp

If a diene system is present in a bicyclic compound, then due to the strain in the bicyclic
compound, 15 my is added as the ring strain correction in the calculated value of absorption

maximum.
Calculate the absorption maximum in the ultraviolet spectrum of 2, 3 dimethylene

bicyclo [2, 2, 1] heptane.

The value of absorption maximum for this compound is calculated as :

Basic value = 217 mp
2-Ring residues (2x5)= 10 mp
2-Exocyclic double bonds : 10 mpt
I-bicyclic system (strain correction) I‘S mp
Calculated value 252 mp
254 mp

Observed value
Distortion of the Chromophore

Distortion of the chromophore may lead to red or blue shift depending upon the
nature of distortion. The following compound whose structure 1s given is expected
to show absorption maximum at 237 myt but distortion of chromophore causcs it to
" absorb at 220 mp. The blue shift is due to the loss of conjugation as the structure
IS no longer coplanar (double bonds do not remain coplanar).
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= s oy " simpi€ ;
Ihe change of ring size in case of §! WS Jated aS
from the predicted value of 263 mj as follO' um can pe calcd b
For cyclohexadiene, the absorption maxim Homoan;l(;i?:ne]
. Value = 253 MM [corlJugalte
Basic Va
= m
@ 2-Ring residues  ~ %
Calculated value = 26
But, the absorption maximum for 3400

(i) Cyclopentadiene occurs at 238.5 Mi; Epar 00

(7i) Cycloheptadiene occurs at 248 Mt €, 100" hori

The cause for the blue shift is distortion in chromop
coplanar,

¢ system which no longer tey,

POLY-enes and POLY-ynes

_ jugation, the values of abg,
With the increase in the number of double bonds in corUtiuognamaximum as well as extincE
maximum as wel] as intensity increase. Note the values Of.absorg low : |
coefficients in case of —(CH=CH),-where n 2 3 are given b¢ ‘

)\/ gmax
(i) when n=i3 275 mp 30,000
(ii) n=4 310 mp 76,500 e
(i) i § 342 my 122,000 etc. o

Thus, as the number of double bonds in conjugation increases, the value of absorption maxin.
also increases but does not increase proportionally as expected. It is probably due to the variz

in bond length between double and single bonds. Let us consider the cyanine dye analogie. wh
+ . . +
Me, N = CH—(CH = CH),— N Me, < Me, N~(CH=CH),1~CH=NMe2
In this case, resonance leads to uniform bond length and bond order along the polyene cha
As there is no change in bond length in the polyene chain
close to observed ones.

max

(/) When n=3 (i) 207 - .
(i) 306 P 135,000
(if) n=4 (i) 234 my N 120
| | (ii) 354 my 281,000
The ultraviolet spectrum of penta-yne jg shown the Fj 105
In Penta-yne, the absorption Occurs at 26 my 12. 221,

120 which need a mention, Einax 352,000

€

max

. s . and also g band at 394 ™
The absorption spectrum of a typical p()ly—ync and

. o ol atypies
I d absorption maximy Ypical . : 9
The intensity an . Elucida[i o m @, Valueg e D()ly-any|1e is shown in Fig. 2~
substitution. It helps in ne the strucgype of Some T:L . incma*ing conjugation 4"
h Y un n()w < 5 J Ié(

N Cloea <
losely related compounds
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10% =

T Ultraviolet spectrum
of Pentapoly-yne

€5 ~fi

[ I L | |
200 250 300 350 400

—> Az (mp)

UV Spectrum of pentapoly-yne.

If a conjugated polyene contains more than four double bonds, then F ieser-Kuhn rules
are used. According to this approach, both Ay @nd €, A€ related to the number of conjugated

double bonds as well as other structural units by the following equations.
A ~114x5M +n (48.0 - 1.7n) = 165 R, 4, — 10R,,

max
e, =(1.74x10%n
where n = no. of conjugated double bonds.
M = no. of alkyl or alkyl like substituents on the conjugated system.
— no. of rings with endocyclic double bonds in the conjugated system.

R, =no.of rings with exocyclic double bonds.

loge — 6

&\ typical pentatriyne

T 5

typical Polyenetriyne

Ve
\[W)

T 4

= 8

- 2

| | | | I
200 250 300 350 400 nm

Electronic absorption spectra typical of Poly-yne and Polyeneyne Chromophores.
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10‘)
T Ultraviolet spectrum
) of Pentapoly-yne
€5 ~fi -1
I | l | |
200 250 300 350 400

— by (MR)
UV Spectrum of pentapoly-yne.

. If a conjugated polyene contains more than four double bonds, then Fieser-Kuhn rules
are used. According to this approach, both A, and €,,, are related to the number of conjugated
double bonds as well as other structural units by the following equations.

A =114XxX5MA+n (48.0 — 1.7n) — 16.5 R4, = 10R,,,
e, =(1.74x 10
where n = no. of conjugated double bonds.

M = no. of alkyl or alkyl like substituents on the conjugated system.
R0 = DO of rings with endocyclic double bonds in the conjugated system.

R,, =mo. of rings with exocyclic double bonds.

loge — 6

N\ typical pentatriyne

g
// typical Polyenetriyne
- 4
-+ 3
- 2
I | | | |
200 250 300 350 400 a/nm

Electronic absorption spectra typical of Poly-yne and Polyeneyne Chromophores.
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nds are 1" ues)- ~ . stem.

In this compound, only eleven double :Sps an i this conjugated 24 )\max
this, there are eight substituents (methyl &r ic double bonds
ring system, there are neither exo nor endocyC 7001 ~ 0 — 0 =476 nm
be calculated as under : 58 + |1 [48.0 - I.

}\' = 114 +

max

. 476 nm
The observed value of A, is found t0 be

€, (calculated) = 19.1 x 10~
can be calculated for B-carotenc: HC

i

Similarly, A

max

4
19.1 x 10"
The calculated value of A, is found to be 453.3 nm and €

mpounds
Ultra-violet Absorption in O, B-unsaturated carbonyl Comp

For a carbonyl group, two types of transitions occur.

i e - 0
(7 /C 0o: — /C
N n— n* N
; — _— =0
(if) /C O /C

The first transition involves the promotion of one of the 1 electrons to an antibondi
n* orbital (m — ©*). It is very intense and corresponds to shorter wavelength. The second transitic

Ty
™ =
LUMO n—n‘;
o 280
320 nm 5
—“___»—n —
n-m* T
T[_ *
175 nm 230 nm 190 i
i
HOMO)
A !
\.\ . ‘/ “
/( ( : \‘(‘"()
n, '
N N
X //( ( S0
a, I-UNSATI

IR/\’l'l{l)('/\RH()NYl
UV transitions in (, [

uns; C
d d Ca b() Wy’ Cco n 1
it I l(“ pOl nd )
1S
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(n — m*) involves the promotion of one of the non-bonding paired electron to % orbital. It is less
intense and corresponds to longer wave-length. It is called R-band. (See Fig. 2.23).

In o, P-unsaturated carbonyl compounds, the double bond and the carbonyl group are in
conjugation. The spectra for such compounds are simple summation of ethylene and carbonyl
chromophores. A bathochromic shift is observed if two chromophoric groups are conjugated as
n electron cloud is spread over at least four carbon atoms. There is a T — m* transition due to
ethylene unit which is in conjugation with carbonyl group.

In o, B-unsaturated carbonyl compounds where ethylene and carbonyl groups are conjugated,
both T — 7* and n — 7* transitions show bathochromic shifts. The various transitions involved
are shown above in Fig. 2.23. From the energy level diagram, it is clear that 7, (HOMO)
energy level is higher than either of the © levels of C=C and C=O0. The m,* (LUMO) energy
level is lower than that of m* level of C = C and C = O chromophores. Since the energy difference
between (HOMO) and (LUMO) is less, the m — m,* transition shows bathochromic effect. Similarly,
n — m* transition (R-band) also shows bathochromic shift.

n — * transition in aldehydes and ketones. Aldehydes and ketones show a weak forbidden
band in the range 275 to 300 mp due to the excitation of an oxygen lone electron to n* orbital.
Aldehydes and highly substituted ketones absorb at upper end of the range. Polar substituents on
o-carbon atom in axial or equitorial position raise or lower the extremes of this range respectively.
When the carbonyl group is substituted by an auxochrome as in an ester, amide etc. the * orbital
‘s raised while n level of lone pair is hardly altered. Due to this, the n — 7* transition in these
compounds is shifted to lower wave-length range (200—215 my). Clearly, a weak band at 275 to
300 my [g,,, 10-100] is a positive identification of aldehydic or ketonic carbonyl group.

o, B--unsaturated carbonyl compounds show slightly stronger 7 — 7* band or series of bands
in the 300-350 mp range. The positions as well as the intensity of » — m* bands are influenced
by the transannular* interactions and also by the solvent.

16000 -
15000 -
14000 -

130007 ultraviolet spectrum of
12000 7 acetone
11000 = (i) in Iso-octane
10000 - (ii) in Ethanol
9000 -
8000 -
7000 =
6000 -
5000 -
4000 -~
3000 -
2000 -
1000 -~ )
100 - e (i)
75 = 0
50 - ‘\
25~
| [ | | [ [ [ | |
200 220 240 260 280 300 320 340 360

Emax —»

UV spectrum of acetone in (i) Iso-octane (i) Ethanol.
Axially substituted isomers absorb at longer wavelength than equitorially substituted isomers.

o, P-unsaturated acids, esters show bathochromic shift but absorb at comparatively shorter

Trans-annular interaction arises due to the presence of apparently non-conjugated C=0 and C=C groups
in a compound.



IREE
ELEMENTARY b
42 to abso! egion. It 1s ir
en Showﬂ. (—;sSiblc ree . np('”;-
be in the maccrbonyl compounds vary Wi
. ca b

at Jower values th

wavelengths. o, B-unsaturated amides hav® sua
corresponding acids. The absorption occurs U * transi
note that the positions of m — T* and n =T
nature of the solvent used. (See Fig. 2.24)
: . . [vent, ’
By increasing the polarity of the SO The changing poin

" — T* transition undergoes a blue shift.

ion €X eriences a req shif |
% transith £ the solvent brings 5
the transitions. The shift jg dL‘
ic states- The absorption h

change in the energy differ betwee : ‘
gy difference betw cite ‘no between the cqy

the change in the stability of the ground of thedexree 0 roger! Ondm(;gther words thcarb('
” — T* transition experiences a blue shift as the egl rity of the solvent. I i o
group and the solvent increases by increasing the po'ar and thus, greatet energy 15 requirg
of n electrons is strongly lowered by hydrogen bonding
promoting n electrons of * level. .

A comparison in the ultra-violet spectra of un-conjuga1 oup €X
reveals that the value of absorption maximum for carbony! & d as co
well as hyperchromic effects in conjugated carbonyl compoun

involve
n the levels electron

ted carbonyl compounds (see Fig ;
periences a bathochron;,

mpared to an un-conjuga

carbonyl compound.

‘ 0
[l
2 / C\/
g (Conjugated)
§ Unconjugated
< Carbonyl
/ group
200 — ' |
300 350
> Wavelength (mm)

V I i n f .

Woodward-fieser Rules for ¢
alculati ;
&, B-unsaturated Carbonyl Compogns. ng Absorption Maximum it

Woodward and Fieser fram : :
for o, B-unsaturated carbonyl (-:d cemain empirical rules for estimat
, Yl .compounds. The ryleg Ing the absorptio imun
follows : 5 were later Mmodified brp P
y : NC ‘ a
(a) The basic value of ¢ [-unsa Yy Scott and are !
. , s saturated ketone i«
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The structural increments for estimating Apas for a given o, B-unsaturated Carbon
compound are as follows :
(1) For each exocyclic double bond + 5 mp
(11) For each double bond endocyclic in
five or seven membered ring except

cyclo-pent-2 enone + 5 mp

(iii) For each alkyl substituent or ring residue at the
O-position + 10 mp
B-position + 12 mp
Y- or 8- or higher position + 18 mp
(iv) For each double bond extending conjugation + 30 mp
(v) For a homoannular conjugated diene. + 39 mu

(vi) Increments for various auxochromes in the various o, B-, y- etc. positions are given
the following Table T,-S.

Table T,-9 e increments ir

o | + 35 + 30 — + 50
—OAc + 6 +6 +6 + 6
—Cl + 15 + 12 —_ —
—Br + 25 + 35 — —
—OR + 35 + 30 17 31
—SR — -+ 8BS — —
—NR, — + G5 —- —

Making use of the above rules, the absorption maximum for the various o, B-unsaturate
compounds can be estimated.
Calculate A, (Ethanol) for the given structure :
CH "
N |
cH,”
JUTION. The basic value for acyclic o, -unsaturated ketone is 215 mp. In this structur
we see two f-alkyl substituents. The value of absorption maximum is thus calculated as -

C=CH—C—CH,

Basic value 215 mp
2P-alkyl substituents (2 x 12) 24 mp
Calculated value 239 mp

The observed value is found to be 237mp e 12,500,

max

Calculate 4, for the given structure.

/T \ .

o ‘5”/ h //
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Basic value =
2B-ring residues (2 x 12) B 224 mp
I exocyclic double bond
Calculated value
The observed value is found to be 241 .mp'structu”e'
Calculate A, for the giver _ 215 mi
" Basic value =
OH substitution at . _ 35 my
- posmon -
2B-substituents (one alkyl _ _ 24 mp in
and one ring residue) ~ m;‘
Calculated value = o1
= 275 my st

Observed value 0
Calculate A, for the following SHUCHATE:

LUT /NIt is an o, B-unsaturated cyclopentenone gysteri- .
Basic value = 202 mp
| B-alkyl substitution = 12 my
1 exocyclic double bond = 5 mp
I double bond extending conjugation = 30 mp
| y-ring residue = 18 mp
| &-ring residue = 18 mu
Calculated value = 285 mp
Observed value = 287 mp
AM Calculate A JOV the given structure
SOLUTION. Basic value = 215 mp
o-ring residue = 10 mp
d-ring residue = 18 mu
I exocyclic double bond = 5 mu 0
Homoannular conjugated diene 39 my
I double bond extending conjugation 30 my
Calculated value - m
(y)bs::rved value = 319 reg
EXA Calculate A, for the given structyye
. Basic value 215 muy
1 B-ring residue S m'l
1 (& + 1) ring residue 8 ml
2 (6 + 2) ring residues % 1 H
(2 x 18) -0 M
2 double bonds extending conjugation (2 % 30)- 60
2 exocyclic double bonds (2 x 5) mp
Calculated value \‘I\.(_)ﬂ_]}l\
Observed value ST my,

354 my
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It may be noted that the value of absorption maximum is shifted due to the change in the

polarity of the solvent, i.c., absorption maximum is solvent dependent. More polar solvents will
experience hydrogen bonding with the carbonyl group and n — 7* transition will experience blue
shift. Sovent corrections may be noted as follows :

Hexane = + 11 mp
Dioxane = + 7 mu
Methanol = 0 mp
Water = —~ 8 mu
Chloroform = -1 mp

After making the necessary solvent corrections, the value of absorption maximum is obtained
in ethanol.

In case there is a cross conjugation in a compound, i.e., the carbonyl group has o, B-unsaturation
on either side; then the value of absorption maximum is estimated by considering the most highly
substituted conjugated system. Consider the following example.

lﬁ ring B, the carbonyl group is conjugated on either side but conjugated system is highly
substituted towards ring C. Thus, the value of absorption maximum is calculated as follows :

Basic value 215 mp
‘1 o-ring residue = 10 mp
1 B-ring residue = 12 mp 0
1 &-ring residue = 18 mp
1 double bond °©
AcO 0

extending conjugation = 30 mp
Homoannular conjugation diene = 39 mp
Calculated value = _54_11—;

Observed value = 327 mp

For such compounds, the value of the extinction coefficient is usually high.
In quinones, weak n — T* transitions are responsible for imparting colour to some
simple quinones. The absorption values in m-quinone are :

(i) 242 mp € 24,000
(if) 281 mp € 400
20

(i) 434 mp B
: 5. Acyclic o-diketones such as biacetyl, exist in the S-trans
80°). The spectrum of biacetyl shows the normal weak

conformation (with a dihedral angle, 1
and (at 450 nm) is formed as a result

R-band at 275 nm and weak band near 450 nm. The second b
of interaction between the carbonyl groups.
O
CH,

C .
A~ 450 nn
Cf'lz/ \ C / ma I(l)" 1

Il ("lllill
@)
¢ length band of a-diketones incapable of enolisation reflects the

The position of the long wav
d thus depends upon the dihedral angle between the carbonyl

effect of coplanarity upon resonance an
groups.
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Compounds With N To O Bonds

Four groups, viz., nitro, nitroso, nitrates and nitrites contain multiple nitrogen to oxygen
linkages. These structures show weak absorption in the near ultraviolet region resulting from n—m*
transition. The sulphur atom in sulphones has no lone pair electrons and the lone pairs of electrons
associated with the oxygen atom appear to be tightly bound. Saturated sulphoxides absorb near
220 nm with intensities of the order of 1500.

Table T,-10 i g\

)\'max € ax
Nitromethane 275 nm m15 Heptane
2-Methyl-2 nitropropane 280.5 23 Heptane
Nitrosobutane 300 100 Ether
665 20
Octyl nitrate 270 15 Pentane
n-Butyl nitrite 218 1050 Ethanol
F¥7] Benzene and Its Derivatives

The B-band at 254 my in ultraviolet spectrum of benzene shows a great deal of fine structure

in the vapour phase. The fineness of the structure diminishes if we scan it in hexane solution and
is almost completely destroyed in ethanol solution (See Fig. 2.26). In hexane solution, benzene

shows absorptions at 184 mp. €, 60,000; 204 my €, 7400 and 254 mp €, 204. The band at

254 my is the result of forbidden transitions in highly symmetrical benzene molecule. Benzene

shows a series of low intensity bands between 230 and 270 mp.

i log €
W\ M/ | o
(@) AV TAWIRTY N
-4 WA ‘
=fs
~5
log €
b)
- 4
~3
— 2
200 250 300 350 a00 Mnm
olynuclear

Electronic absorption spectra of typical p
L romatic hydrocarbons (in hexane).
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It has been noted that absorption maximuim

avelength, Comparing the ultra-violet 8
¢ of absorption maximum as well as €
compared to those of benzene. Naphthalene 2
absorbs a still higher value. Pentacene absorbs at

Rules for Calculating Absorption Ma

Benzenes .

r calculating the a[.)S.OI'ptIOn May;
timating the position of absg,
ketones, aldehydes, acids apq esl“

Like Woodward Fieser rules, Scott devised a set of rulf?S fo
for the derivatives of acyl benzenes. These rules help 1n €
Maximum in ethano] in a number of monosubstituted aromatic

I
For a compound of the type @fIC—X

(i) the basic value is 246 my if X is an alkyl group or alicyclic residue.
(i) If X is hydrogen atom, the basic value becomes 250 my and fc‘

(1) the basic value is 230 my if X is OH or OR. The structural increments in my for fyy
substitution on the aromatic ring in the ortho, meta and para positions are given in th

Table T, -11.
T iy c
. e )
[ R
L\—\\ u
—
Alkyl +3 e -
OH. OR +10 .
: . o + 25 k
Cl 0
0
Br + 10
+2 e
NH, + 13 i +15 t
NHAc + 20 . + 58
© I +un | + 85
Note. Itis important to note that the effect of lhc\‘ + 75
\w

Para sypgt; .
bstltuent 1S more pronounced for

m iII >3 h
X is an alk Cthano §;
yl group | Jor p_.
Basic value BTOUP and the basicpv;rzlor.oacetophenone.
Cl-substitution at para position 246 my ue 1s 246 m.

Calculated value 10 my

. N f) o ——
The observed value is found to be 254 - ~\56% C—
Cl/©/

0]
|
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Calculate the absorption maximum for the following compound.

Basic value = 246 mu (ﬁ

OH substitution at meta = 7 mu C—CH,

OH substitution at para - 25 mp

Calculated value = 278 mp HO

Observed value = 281 mu OH

Calculate the absorption maximum for the following compound.

Basic value = 230 mp COOH

Br substitution at para = 15 mp

Calculated value = 245 mp

Observed value = 245 my

isubst Br
(a) When electronically complementary groups such as —NH, and —NO, are substituted
para to each other, there is a pronounced bathochromic shift in the main absorption band compared
to the effect of either substituent considered separately. For example,
p-nitroaniline absorbs at 375 mp g, 16000. It s due to the extension of the chromophore from

max

the electron donating group to the electron withdrawing group through the benzene ring.

(b) When the two groups in the para positions are not complimentary or are ortho or meta
to each other, then the absorption spectrum is close to that of the separate non-interacting
chromophores. For example, m-dinitrobenzene absorbs at 200 mp €,,,. 13000.

Absorption Spectra of Condensed Ring Systems
The range of absorption maximum for polycyclic hydrocarbons is very great and spectra are
usually complicated (See Fig. 2.26, page 47). Such spectra are useful as finger prints. Moreover,
the relatively non-polar substituents have a very small effect on the shape and position of the
absorption peak of parent hydrocarbon. Identification of polycyclic hydrocarbon is usually done

by comparison.

The condensed systems are classified into

In cata-condensed system, no carbon atom belongs to more than

two rings. Benzene, naphthalene etc. are the examples.

(i) Linear cata-condensed compounds. These are Naphthalene, Anthracene etc.

(i) Bent cata-condensed compounds. These include phenanthrene type molecules.

The spectra of cata-condensed hydrocarbons resemble benzene. Bathochromic shift is observed
with the increase in the number of rings in the structure. For example, benzene absorbs at 254 mu
g, 204. Naphthalene absorbs at 312 mp g, 289, while pentacene absorbs

~max a4 .
in the visible region. [/W

In peri-condensed systems, a carbonatom A A
belongs to more than two rings. An example is coronene. [

‘T T

Peri-condensed rings show absorptions at longer wave-lengths as LW LN L\

compared to cata-condensed structures. { ” 1
Coronene shows absorptions at 305 mp, 342 mpand 428 my. XN\ F

Coronene

X

Heterocyclic Compounds

The ultra-violet spectrum of five-membered heterocyclic aromatic compounds can be compared
with cyclopentadiene. It has been observed that in these compounds, a forbidden band (R-band)
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other by this technique. For example, 2-hydroxy pyridine and Pyridone-2 exist in tautomeric

cquilibrium.
)
—
——

OH
H

2 Hydroxy Pyridine Pyridone-z
The spectra of these compounds were shown to favour pyridone-2 which is an ., -unsaturated
ketone. Clearly, the equilibrium is shifted towards right.

Steric Hindrance and Coplanarity

Woodward rules give reliable results only for those compounds in which there is no strain
around the chromophore. We know that in the case of extended conjugation, the position of
absorption depends upon the length of the conjugated system. Longer the conjugated system,
higher will be the absorption maximum and larger will be the value of the extinction coefficient.
If, in a structure, the 7 electron system is prevented from achieving coplanarity, there is a marked
shift in the absorption maximum and extinction coefficient. The departure in the value of absorption
maximum calculated from the empirical rules is due to steric crowding which distorts the geometry
of the chromophore. Thus, the conjugation is reduced by reduction in the 7 orbital overlap.
Consider the cases of biphenyl and substituted biphenyl. The m — m* transition for diphenyl which
readily achieves coplanarity absorbs at 250 mp €, 19,000 but in 2-methyl diphenyl, 7 — 7*
transition undergoes blue shift and diminished intensity as the two rings remain no longer coplanar.
The absorption maximum for 2-methyl diphenyl is 237 mp €, , 10250. Also nitro benzene absorbs
at 252 mp €, 8620 while orthonitro-toluene absorbs at 250 mp €, . 5950 due to reduction in
coplanarity.

If the compound containing alkene chromophore is capable of existing as geometrical isomers,
the trans-isomer is found to absorb at longer wave-length with higher value of extinction coefficient
as compared to cis-isomer. It is due to more effective 7 orbital overlap possible in the trans-isomer
which, thus, achieves coplanarity of 7 electron system more readily. Consider the case of cinnamic
acid. It exists in two isomers :

HsCo\ / = HsCex / H
C C
| ]
C &
Hooc” NH 1’ \ coon
(Cis) (Trans)

Due to greater crowding in cis-form (both bulky groups are on the same side), the geometry
of the alkene chromophore is distorted and departure from coplanarity results. Thus, m — m*
transition in cis-cinnamic acid takes place at lower wave-length with lower extinction coefticient.

(i) Trans-cinnamic acid absorbs at 272 mp ¢, 15900,

(ii) Cis-cinnamic acid absorbs at 268 mp ¢ 10700.

Slight steric hindrance to coplanarity about a single bond has a very little effect on the position
and intensity of the absorption maximum. If the steric hindrance to coplanarity about a single bond
is more, then, there is a marked decrease in intensity and may accompany a red or blue shift. The
absorption maximum of 2, 5 dimethyl-p-nitro aniline occurs at 385 mp ¢, 4840 showing a red
shift and marked decrease in intensity as compared to p-nitroaniline which absorbs at 375 mp
€, 16000. A blue shift is observed in case of 2, 4, 6 trimethyl acetophenone which absorbs at
242 mp g, 3200 as compared to p-methyl acetophenone at 252 mp ¢, 15000. Out of cis-and
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