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(1) Lambdernt's law and (1) DBeer's law
{1} ambert's .aw I states that
( When a Deam + f nonochromati radiation JHisses throush a ) MO R ENE O Y ¢ 07, =
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Mathematically, the law is expressed as

dl
dx

where 7 « intensity of radiaton after passing through a thickncss v of ¢ ~ medium

9|

df = mlinitesim ,II_~.' sinall decrease in the illit‘ll*.ll)‘ of radiation on pass. through infinstesimally
stall thickness, da ol the medium.

(1 by _
7, ™ Tate of decrease Gf intensity of radiation with thic . € the bsorbing medium
)

A = proportionality constant or absorption coefficient. It value o “ends upon the nature of the
absoriang nediunL

Lol Jy be the wteasity of radiation before enteri 3 Vzalb ~oing medium (x = 0)

Thea 1 the itensity of radiation after passi, un 0y ' an' thickness, say x of the medium can
be calculated as ;
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i Lie Intensity o) the  vtion obsorbed. las 1S Riven by :
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by, B, =l= (]l ~e")
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DoV Lo Dert's 1w cquaton can also be written by changing the ratural loganthm o

the base !
{ = [ 107"
WL d = extin fon coefficient of the absorbing medium
0w L)
(i °
i 2.303
Nole

* For ultraviolet speclrum, the region from 200 mu to 3¢
considered, The molecular absorption i the UV
Uucture of the molecule

;

Vv i (calied quartz reglon) i

VIS region depends mainly on the electron
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R . _ELEMENTARY ORGANIC SPECTROSCOPY

RCIRISE RN 2 5 x ] M solution Of @ substance in a 1 cm length cell at A . 243 mm has
absorbance 1.17, Calcwdate € __ for this transition

T s e (T . S w— — T - e W, e 7 e, O —,

SOLUTION : We know that relation : ¢ —-— {‘_;
.
A=11%¢c=25x10"M1=1cm
Substituting the values, we get

Here

. 1.17 1.17 x 10* x 10’

o - . e
9 25%10" ol M xlcn 25 mol om™ x1 o

| -0.468)(107m2md"

When a UV light is passed through the given solution, the radiant power is
reduced 10 S0%. calculate the absorbance.

2.3 Measurement of Absorption Intensity

It maybcnaedthattheintcnsityofabw-pﬁonisdim;uy;miaﬂnhﬁm

probability. An allowed transition will have €pex Value greater than 10\ while those having low

transition probsbility will have its value less than 1000
clection Rules T The var '

z cxample, n -5 n* !
> Y LULLCY _’ f“'bi(;b_‘
l

s G e L
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lamp hvdrogen-deuterium discharge lamp wi
| | >
im «
} | [
| Oedinan Sp ! 1 :
U } f 185 mu. 11 [N v O
ince oxygen absorbs s | | )
'™ . }:Es length 15 | uated. 1he 1 o i
| [he | wavelength region can be e
. rogen which absorbs below 150 my. Most spectroy
$ The pnmary source of Lght 1s divided nlo two | J
“ g two beams, the incident radiation is dispersed
‘ { a light source a parated wi pri
he rotation of the prism causes a serics of continuousiy
igh the slits for recording purposes. The selected beam s ~ :
* two beams of L'L]UL:] iIiIt'Il‘-rll}'. i Persion gralng 1, .
hromatic beam of light from polychromatic radiation (UV-VIS 1
1 single beam or grating 1s very small, 1t 1s not possibi: (o 1solate or collum . * A
widths. Thus, light from the first dispersion 1s passed twough a slit -
Jispersion. After the second dispersion, light passes through | ,
second dispersion 1s that the band width of the emergent hght 1»77e o
igh the exit slit 1s almost monockromatic: Also most of the aay » 4 & appressex
One of the beams of ¢

selected monochromatic Lo S
light (See Fig. 2.3) 1s HOL‘?‘ﬁt.ng St | "
passed through the sampie G - |

solution and the other - <

heam of equal intensity 15 [\« '-;-r 7 Y ~” -
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reference solvent. The \) | :
sOlvent as well as the L_ig ' ;
ition of the sample may SO0un

he contained 1n cells
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Usually, samples are scanned in dilute solutions. One mg of the compound undes mvesigation
(Molecular weight 100-200) is accurately weighed and dissolved in & suitable solvest o make the
solution upto 100 ml volume. A little of this solution is taken in a silica cell. The tickness of the

solution in the cell should be 1 cm. When the constitution of the absorbing matenal 1 unknown,

the absorpivity may be sometimes expressed as E% . Pure solvent is also taken in an exactly
similar cell (Reference cell). These cells are then exposed to the monochromatic beams of equal
intensity in the spectrometer. After the beams pass through the sample cell as well s the ref “Jence
cdlﬂwmtcnnuesofdnmpcdvemmmimdbamsmﬁmwmhwhhnm
range of the instrument. The spectrometer electronically subtracts the absorption of the solvent in
the reference beam from the absorption of the solution. Hence, the effects due to the absorpion
ol‘lmhtb}ummlvmtmmmned.hmnway.mmahmw

G i

mspondmgwavclengthunummncﬂ!ymddmhmmmu—lyw
as absorbance A (log,, ///) against wavelength A (abcissa). The plot is often represented as €
(Extinction coeflicient ") against wavelength.

\\ﬂlcumeso.mplenbsorbshghl.ltsmmtymhwudThnhMﬂP anx!
P, will receive an intense beam from the reference cell and a weak bean | om the sampile cell. This
results in the generation of pulsating or alternating currents which flo= % the photoclectric cells
to the electrenic amplifier. The amplifier is coupled to 2 small serv v <. which i tum i
WtoammﬂaMitmmW\thMii
anpuitier 1s coupled to a small servomnotor which drives an Jpoc:” wo 70 mto the reference beam

until the photoelectric cell receives light of equal inten: Ses fro - h#-ﬂ-t‘u
refercnoe  beams.

25 Formatlon ‘of Absorptlon Bands

W..expecttb ectrum 10 co {'
of ) peaks and eac_l:_:_mk_ﬁu
SOITOSE uwmd%ﬂ‘g
from oue clectroaic devel 10 anothes
But, actually . are seldom

observed mmm |
bam—l's'—*w}tcuded. It is"due (o >3

A
-

|
¥
1

pacticular clecu-umc state is also
scccimpanied by some vibrational
ana rotational states. The differences
belweenh TWo 5djicént electronic levels
15 more as compared to the adjacent
rotatonal levels while the difference
baetween Whe adjacent vibrational Jevels
has some ntermediate value. The

cieClronxe excitation is superimposed upon rotational and vibrational 1avelk

e ey i e o — T e e e e T I e . T % W i . W il

1t is also called molar sbsorptivity.
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ELEMENTARY ORGANIC SPECTROSCOPY
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Stmlarly, when an »n-electron (non-bonding) is promoted to anlihﬂmhng ® orbital it represents
N - 1% transiion. The energy required for various transitions obey the following order :
T20%"2n 920> -n*>n-»n*

e A ad S e g

}

; T

!

; oe Antibonding

.—.--'-- o mmlmm_‘lﬂ ' . B 'n.r"“- [ ;.# 5

Fig. 2.6. Electronic excitation energies. _i
e AR

Let us now consider the various transitions involved in ultraviu ! Spectroscopy.

(@) O — o* transitions. It is a high energy process since ¢ Lond- ac in general, very strong.
The urganic compounds in which all the valence shell elevimn: 9. involved in the formation of
sigma bonds do not show absorption in the normal ulir.-viols rosfoa, ie., 180400 mu For
saturated hydrocarbons, Iike methane, propane etc. absoijtion oc.urs near 150 mp (high energy).
Coasider ¢ ~: o er;;i;jon in a saturatad hydroca:bon

% \ / g — (1" \ : /
Bt o O i dal QRN
LT R L / \ / \
E-J—n e T °
| ot o® -f_“

' n_’o’
) - e— _

TP A* X —> R

T
C-C ' :
C=C Cm=O
Fig. 2.7. Various transition Involved in Electronic Spectroscopy
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Ju @ lransition requires radiation of very short wavelength (High energy). See kg, 2.7. Toe
st spectroscopic technique cannot be vsed below 200 my, since oxyvgen (present in air) bepios
0 absoch strongly. To study such high cnergy transitions (below 200 mp), the entire path length
wtt be evacuated © Thwus, the region below 200 my is commonly called va=iim ultravictet
vegioa. The excitation of sigma bond electron to o* (antibonding) level occurs with net retesiim

. . L . T e i T — i R

*“ 1“'-_‘_ '“H-.‘-f.'l"- ““. - ——— o - m_,u._ =

Alr st be exciuded fron Qe instrument o as 10 avoid absorpuon due to oxyger. 4¥
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16 . ELEMENTARY ORGANIC SPECTROSCOPY

L

:;..H energy X~ x* oocuning around 290 my and 180 mp respectively. Absorption ocouring of

" Jower wavelength is usually intense. In simple cases, it s Qute easy © el whether de wansition
T g0 - m* or m —» n* since the extinction coefficient for e former is Quste e a8 Compared W
© fhat of the latter. The exact electronic suucture of the molecules in the cacited state (by the
absorrtion of UV or visible light) is not known but the elec® aic wansiion mvolves e sodisribution
of cloctrons within the molecule. In carbonyl compounds, 2 high cuorgy & —+ 0* Suasites 2w
oc “urs and i quite intense. Thus, in saturated carbooyl compounds, ™wo types of wassitioos Gl
piace which can be classed as

(@) High energy transitions P
(i) n - O0* (inlcase) 7'
: (1) n — n* (iniense) - o
i
%
I

lignt. It can be shown that
Extincuon coefficient

where \ transition probability v th .4 ~ yom 0 0 1.
-a_= Target area of the .osw. "1 ¢sv tem, usually called a chromopbore. **

It is found that the values of £, is =*~ut |V «hes he choromophore has a length of the order
of 10 A or 10 em. The chmmopb- < witi: lov. ™= don probability will have.t__ value below
1000. Heace, there is a direct relat  nship ' tveen the arca of the chromophore and the absorption
infeas:ty €, In addition, there are su. . other factors also which govern the tansition peobabilicy.
Depending upon the symeetry and the - Mue of €, the transitions*** can be classed as

(@) Allowed Transition- (6) Forbidden Trussitions

The transitions with ﬂluu'(cmmw:._.mh lﬂ‘nlﬂyal:d
aliowed uansitions. Tray geycrally o 'se due to & —» n* transitions. [a Butadiene 1, 3, e absorpoue
et 217 mp e 21000 ' an esomp’c of allowed transition.

The forbidden i nsitiv
on the heto~aiom 0% Yot
compounds w.h g

- gp— W d— < 4
o -_m-ﬂﬂ—-

basd A

trunsitions observed in this case are :
() 252 my
(i) 325 mp €. 180 (forbidden).
Symmetry restrictions in Electronic transitions. The trassition (allowed or forbidden) s
relatec vith the geometries of the lower and the higher encrgy molocular orbitals 201 also og d:
symmetry of the molecule as, a whol>, Symmetrical molecules have mow restrictions on theic
clectronic transizions than less symmetrical molecules. For example, benzens is 8 highly symmetrical
iclecule. Thus, viany restrictions apply to the electronic transitions of the beazene moleculs and
thus, its electronic absorption spectrum is simple. For & totally unsymmetncal molecule, no sypunct y
é K-bunds (Radikalarip-Gennan, b 107 R o I

B . _ S R -




festnctions apply o the electronic transit that U
modecular orbitals except among Rled orbitals Clearly, 101

(PHOR spectium \ HETH

ity Caviiunistnical and totally Unsavynuneincasd exi larg ¢
ful]l which absoalbs Bablit in the ultra-violet-visibie region. 1o d tile wi
or forbidden 1or such molecul 18 LIl mrnie !

0w OO LTS ()} l’h Ill!‘litllzdl I"”ttl,l} a1 A [

(11) 1O preomnicuey gl the molecular ornl af.é! 111 Al 1 '

L) the onentation ol the electri tlli‘-”{" Of the inc.dent hght L okt 1nd
.. !.;_-;"EH ransiiion will be an allowed transition tf the above LM
lfil;.ilmih' (] fhn'-:r.lnlr
P9 The Chromophore Concept
All those compounds which absorb hight of wavelength between 400-800 my appea

rhed by

the human eve. Exuct colour depends upon the wavelength of hight absos

\ I Inally, & ;1.-|w:|u~|1]lnlr was considered any sSysicin which 18 It‘-.['imwi'. ¢ AU

o the compound. Nitro-compounds are generally yellow in colour. Clearly, nitl * group

chromophore which imparts yellow colour, Sunilarly, aryl conjugated azo giov’ .

101 ]’lli‘l’\']allll]' colour 10 azo ll‘y'(‘?._ NHW, the ternmn tiunqnniiim[:_' 18 UseO ¢ o . £ W
{ It 13 delined isolated alently bonded group that shows ¢ = O “CBlV 44
S delined as any isolaled covalently bonded group that shows o U
t 5 | o . . ‘---' : - - _
the wiiraviolet or the visible region, )
The absorption occurs irrespective™f the fact whether eolour ' | /T not. Son

important chromophores are ethylenic, acctylenic, carbony:s, {40y & e Afilo group

’ | s 1

carbonyl group 18 an important chromophore, although, the 2750 M4 0 of aght Dy an soluied

(@) Chromophores in which the group contas f ele tron - and ’ v undaigo n = 0" rans
Such chromonhores are ethylenes, occiylenes (e,
(1) Chromophores which conta'n both 3 cleciroas anC 2 (Ros-Dondal) ddocuons. S
chromophores undergo two types of transitioas e, ® = 7 wd w K*. &
this type are carbonyls, nitriles. azo compouinls, nillo CrlapLuLis it
‘H‘h. - -.\
Note. In compounds of the typu Qe (o=l - C—H ADSOrpLOn wocus wolnd |
(vacuum ultraviolet region) a¢ result 01 ¢ -~ O ransioon
For compounds containing ~och vioms as 0 ) =, N o OOt
190 mp as a result of + <~ 0% vausition.
There are no set 1ules (o the 1dentfication of a chromophore. The cluuige in position as w
i the mtensity ol absorption depends upon a large nmnber of factors, rullowing points miay
helplug
(1) Spectrum consisting of a band near 00 mp way contain cwo or thuree conjugated w
(1) Absorption bands near 270-350 Nt with very low intensity, ¢ | U= U U
;, | I r LY Lransitions ol I]n‘ 1.il|mt|‘5,| ;'iﬂil;‘? .'**... L l.l.-.'*.t" 1 * 1
"f‘] L) simpie conugated chromonhores such as dienes or o0 B3 = Unsaturated ketoaes have |
b _ |
?’ _ . values, 1. Jrom 1000 o VUL
b { 11 Il 1Y . YaTla
‘. ' ¢ AbJoOrpaon wilh S vilue Letween 1000 o LOLOUY shiows an womatic sysiem
Mthough less Intense, i MOSE charpotenste ol cavol nys group
?

: . APy Ve y " | .
Y Spp— m#;#*ﬂa-ﬁw s pzd-.- R ———

does not produce any colour in the ultraviolet specuoscepy. Thr ¢ 220 1.0 BT L SL CLILOp 0TS |

- e




FLEAMENTARY ORCANIKC SHCTRE WOy

TlagMe L a g L@ ESEE ETCIES SRV | |

e | A Mt par iim |
Chromaphore AL ) s
_— (U bRt S =3 9% ‘I
) =173 |

Koo R (#) 19

el
() 220
C=0 o

" - n* i3S
" = x* 178
n - x* b .y |

Whean aromatic nuclens 18 substituted v sro0rx wh b can extend the chromophore, the
“absorption occurs at still higher values ©7 exting: on ouc Lcionts.

Note. Thie presence of a compoun o 4 Twnonal group can be coufirmed by other

All compounds with the same

the same extunction coefficient ¢

fractional growp will absord at the same wavelength with pearly
die Jisturbing factors such as conjugation, substituents etc. are

arc given in Table Ty

210 Auxochrome

AR Sy v be defined as any growp-which does not itself oct as @ chromophore but
Wbﬂiﬁﬂlg: Sence Enngs SO aﬂ ! AR N Dand Iowanis ine w5t AT

(longcr “ra\ﬁén i ]c a W ‘l \“\ wleiingts u it e " I;'.., ®® i @ o s 4 " ¥
and an auxochrome to give nse to another chromophare. auxochromig

mm e e
rroup is called eolou

%ﬁﬁmmc groups do not show charactenstic shsorplign above 200 mu. Sou
Al 1C groups are -QOH, —OR, —NH . ~=NHR, —-NR_.. —3H etc. The effect of
the auxochrome is due to its ability 1o extend the conjugation of a chromaphore
non-bonding electrons. Thus, a new chromophore results which has a
maximum as well as the extinction coefficient. Ror exampie,

at 255 myp [g, - 203] whereas aniline absorbs at 280 my (& 1430]). Hence, amino (—-NH,) group
1S an auxochrome. :

5
]



."i... | ' I l is 0}
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| Ji.i
F | F l
‘H‘"‘-..‘L . \ I-l I
—_— 7 {
W | ) |
\\‘“-—" J | |
: | ML ()
11 AZobenze | | 1 j
may - <=V R o B :1000) s ™S00 B LA .

A LG INOSCOCE of ——--{'){*ﬁ}"].-ﬁ STOUp (an auxochrome) LI

17 HT R r 4 ‘ 1 L
Mechanism : All auxochromic groups contain non-bondins ¢l o | 3
cxicns:on of conjugaton of the chromophore by *h.mm ) b ad
f iy )
cH ~=CHY-N—(CH,), +—+ €H.©1ieN 1
2.11. Absorption and Intensity Shils | | 1 A P
|
@) Bathochromic effect. It is an effect b, :
virtue of which the a’worption meaximo n 1s'shified © ”m:.’i‘"'"'”'h ot B -4
loward ,QI.ECT \'-ﬂ'nCIt.’.‘I'l”lh uUL 1D t}IL o CCHCC ol ; - | il
37) u;xc'»;*‘ﬁ;- me or by the change ol sulven: (See : !
Fig. 2.8.). Such an absorption shift tow. s low. ¢ e
wavelength 1s called Red shifi oc bad ) ~chron i shil
{he n — =* transition.for cubonv) ‘ompounds |
expenences bathochrei o “hi® wh,  the polarity o :
Uw solvent 1s JCL'I'L‘;L::,CLJ. |
() Hypsochramic shi or effect. It is an > Wavalesah |
cliect by vites of which the aosorption maximum Ty W - | j "
s shifted towa J shorter wavelength. The absorption it . ol s,
shifled towards shorter wavelength 15 called Blue shif* o nypsochromic shifl
it m oy De caused h_‘jr‘ the removal ol conjegation and also by ¢ A DOLMILY of |
pivent. In the case of aniline, ab: QIPUON mMaxunum occurs at 250 n 1 DeCau LA P OF ¢
Wil Tirogen atom 1s 1 conjugation with the 1t bond vslem ol lllz-.‘ | ne nng. In 31
"ﬂ-lu"i;ii:. a blue shift 1S cau ed and ..ihuuilml]““ OCCUrs a! shorter wavelen I 1} 3 | 1)
! Q""'* NI, on formead in acidic solution the electron nai 0| ' D |
- y \J LGOI DA IS 1O 10o0no¢r present and hen
Lajagauon 1s removed
¢) Hjuverchromic eifect. 7 5 dn ellect due 10 waich the intensity of abs HPUOTE TG T
wACASCS L .. LACE *as+¢ Rar oya |

. "I - | ' ) 8 :
e 13 and {or |?_}IH1111‘ Bl 2Ji it € 2700 18 shiltg '
. ey |
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} { A ‘tu); - |

Akﬂl.l‘kh}’x - |
Acrolein |

15
~12
14
50

Acetophenone
Methyl Vinyl
Keione n— xw* | 320 ~14
Crotonaldehyde | n - %° g 322 ~14

(¢) B-band. Such type of bands anise due 10 & — %* transition in aromatic or heterg-aramagic
molecules Benzene shows absorption peaks between 230-270my. Whea a chromophoric group 1s

- P e g, R o -
N T A . Sy Ty e TS g W W S g Bl o A i S, g B

i . T el we m.m'm;—"“" ol e Th F Py L "l-'-l.'l"."-" = e -"1.- B |ﬂ-

: Koujugiene-Oennan

* K-band or n -~ ®* wansiton is most charcteristic for a carbonyl group of aldehyde or ketone. For
aldchydss, ot usually appears at higher wavelengths compared 10 @ .=tone but at lower value of -




Acetophenone it - n* 71
Benzaldehyde T - n* ' H()
liClLLfHL' acid I e E 71
Nitro-benzene T - n* k() ")
. Naphthalene X~ Y 1w |
{ ~ Quinoline T - ¥ } |
- P —— .
(.d) E-bands. Such bands tlli].;ill.’l!t.‘ due (g the ¢’ o 13110 Wi | " F e | svsten
of three ethylenic bonds which are in closed ¢, ' onjummaon Th i (i

£, and Iz'z-bu.uds. El and H: bands of benzene no o

wiuch appears at lower wave-length is usually more b ase than the o b and for the caeme re NOUnG
PO O RN g * | | — | iy
which appears at longer wavelength
mw : h-‘llll’ lﬂl\':“lun}

——— *
F i l b, land -band
| Compounds N | el
) |
é o 4"“44 t'ﬂ‘lﬂ : i' ']"H: d i f
! LI ) I LI )
. Jenzenc | 54 50,000 | ()4 10 (%)
i. |
' Naphthalene 221 1 33,000 3.0

. .'-' l_r‘i ' }
| Anthracene 256 | KO OO {
1 . ' | " J URA
! oy . | I
i ]}ll‘]l{ ,] ‘i'l "}.:IJ') | i |
| Fhiophene 270) : 6. 400 | )4 | <N
: Ullilit'ﬁllln' 4.4 f | | H
2L i o 0 3 -j Itl'(H“} ' I-Jr'i-:j l!a i
12.13' Solvent Effects

A most suitable solv -
: | d I il 4 h 13715 ¥ | |
\ dil ' CHL IS ONne Wil 1 Ao WINIET E,ih|i15”|, i e remon e ' | gy ‘
A duute soluton of the sample 18 alwas 1)) bid L —
| | ' A Yl y il Mig 1 I ; 1 340% : | L 4 : | i

wavent 1s Y5% Ythanol P l | & spectral unalysis. Most cormm nly used

ULTRA-VIOLET AND VISIBLE SPECTROSC L 24

altached to the benzene nng, the H-Daids aie ohaeeys

INcnNsSe ]\ bands. 'Ol l'hlinli]k T UL TR |
50 Ut ol }‘“n M oand K-bands which dppal 1 4 i daviiN 1 | 7 - L

appears at a longer wave-length, Por exmnpls, i woetophe s () - #* |
' "i!l \*.'I”I ’ llli*l l‘ l-ll;rl 1 7] | A ) b }

spoctrum of B-band n case ol

appears at 319 my €

&

(1) substbiuted aromati nrllilnnllill% T
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Compound fTransition A (my) r
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~ Commerclul ethanol should not be used as it containge benzens which absorbs strongly in the

ELEMENTARY QORGANIC SPECTROSCOPY

ultraviolet rcgion. Some other solvents which are transparent above 210 my are n:hum. wyl
alcohol, cyclohexane, acetonitrile, diethyl ether ete. Some solvents with thelr upper wavelength
limit of absorption are given in Table T,-6.

Solvents used In UV spectroscopy

L L TR ———
iAo, Upper waveldngth Uniis
210
210
210
Cyclohexane , ; 210
Diethyl ether 210
Water 205
Benzene IR0
Chloroform 44
THF (Tetrahydrofuran) ()
Carbon tetrachloride S

F““"-‘ d H:‘- alk ';.- . 4 V== -'.I‘H.h o 8 A "d'l:'l."-r h-l#.h—

Hexane and other hydrocarbons can be used as these arc ieo. ool 7ud have least interactions
with the molecule under investigation. For ultra-violet specti oscopy, « thanol, water and cyclobexane
serve the purpose best.

The posiuon and the intensity of absorption maxuniin is Lufted for a particular chromophore
by changing the polarity of the solvent.-By increasing the polarity of the solvent, compounds like
dicnes and conjugated hydrocarbons do not expericuce nuy appreciable shift. Thus, in general, the
absorption maximun: for' the non-polar compounds is the same in alcohol (polar) as well as in
hexane (non-polar). The absorption miaximumn {01 the polar compounds is usually shifted with the
change in polarity of the solvents. ¢, 3~ unsaturated carbonyl compounds show two different shifts.

(fi n — w* transition (iess intense). In such a case, the absorption band moves to shorter
wave-length by increasing the polarity of the solvent. In n —» nt* transition, the ground state 1s more
polar as compared to the excited state. The hydrogen bonding with solvent melecules takes place
10 lesser extent with the carbony! group in the excited state. For example, absorption maximum of
acelone 1s at 279 my in hexane as cowpared to 264 my in water.

(ii) m® — 7™ transitfon (intense). For such a case. the absorption band moves to longer
wavelength by increasing (he polarity of the solvent. The dipole interactions with the solvent
molecules lower thc energy of the excited state more than that of the ground state. Thus, the value
of absorption maximu. in ethanol will be greater than that observed in hexane.

l 1 4 -

-
\
ke Y
AEy
n - LB
AEy > AR
MODPOIE - e i e 2 & '
C A R e,
Polar Solvent N 'Pol C
T Polar Solvent
Fig. 2.9. Absorption shift with change in polarity of the solyent,
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Tlns.wbentheabsorpuonofhght r—'-—

occurs at a loweT W&miperature, smaller |
Wﬁl"&?ﬂ:d states result. It

-196°C
(Finer stiuctie)

%Emﬂ -195 °C.

lvem used alxo effects thc.

300 350 400
Mrmax (NM)
Fig. 2.10(A) Fineness of absorption band

450

- Conjugated Dienes

‘¢ wavelength of absorption is shifted to higher values (Bathochroniue -hift), if two or more
womophonc groups are present in conjugation in a molecule. Mor cx:aple, ethylene (one double
bond) absorbs at 170 my (m — =* transition) while butadienc (two doublc bonds in conjugation)
absorbs at 217 my. The bathochromiic shift is more pronounced if the double bonds are in conjugation
| as compared to the 1solated double bonds in which there 1s a little interaction between them. The
}\ abscrpiion maximum is usually shifted 1545 mp towards Tugher wavelength in conjugated system

(compared to uncomjugated) as the electron density 1s spread over at least four atomic centres. The
value of exunclon coefficient also increases. In conjugated dienes, 1t — 7* transition results in the
formation of a band, called K-band.

%— 71 transition (K-band) :

Butadiene 1, 3
2,3 dimethy! butadicns
| 135, Hexatriene -~

k |-
. Ve
‘ |
‘ ne e
' - V3
E n* + %
<
C
J
W
T Vs _J.L__
R !

y _]L shassr AN - b lL
. Ethylene Unit Ethylene Urit
(G. State) v, ,“ (G. Stale)

n+ N
Fig. 2.11. Electronic excitations in conjugated dienes,
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