‘ . - e |
s81B101 18U} 19NNy & Aq paddoyo s| uonelpes ayL *510}oNpUODIWLBS aAljisuss-uoneipel ay) g m‘_o«owgwu; ,

UOWIWOD “WNoedS Sy} Jo pi0das seyndwiod B JO Japiodd) Heyd e U0 8081 B I8Uls Bupnpgy sy
azAleue ay) yim Asnouoiyouks Buiesedo sommep Bulpiooal e 0} U0 pessed st 1eu) _Mcm_m,_moEom_m ue oﬂcﬂ_.
uonelpel |enoads sy} SHBAUOD jey) SoIASp B ‘10}03}ep dU} S! s10}0UI0j03dS J0 JUBUOAWIOD Py 5y .
._ouownaw,oh
‘PasN Ajspim aloy
Bunesd uonoeiyip e Jnq wsud zpenb Jo sselb e s) UBWSIB Buisiedsip umm_acm_m mr_m._. SUONIRIP Yuasgyy, u
|2AB] JeY) sAel OJul sapuanbaly jusiaylp sejeledas YIIUM JUSWSIS m:_m‘_w SIP € 30 sUBallfq UoReipg,
[exjoads ayy BuizAjeue Aq ‘Ajleuomipes ‘peujunaiep st Aouenbay yiim UOKAIOSQE Jo LojeLeA ay) - -
19sAjeuy 10 sjuswsa|g m:_w._&w_a

‘311 JO [100 B Ul SE|IIsO 0} Juslno oljoee ue Buisned Aq pajeseusb si uonerpe; fougy 4

-OlpBl U] "SeABMOIOIW Sjessusb 0} pasn S| ‘8polp uung paj|ed 8dIASp houo:vcou_Ewm e .>_co=_58
2I0W 1O (SUSAO SABMOIOIW PUE SUONE|E}SUl Jepel Ul pasn OS[e S yoiym) uonsAiy v aEm_‘wm_mﬁm_b
uaBoupAy e S| 821n0s ayy uoiBal JojoIAIN 28U} 10} : JYBI| BlIYM 8SuSIINO sanIB yolym Jusweiy USisbuny
s| wnuoads ay) Jo uolbal 9|qISIA ay) Joj 821n0s 3yl -uoifas paJesul 8y} Joj (Juaweyy 1o 191113 Jsg,
E) SOpIX0 UYUES-3lel U)IM Pajecd juswell dlwelsd psjesy e s Jajowounoads uondiosge ue Ut dinog
UOQBIPEI 8y "UOHEIPE] O[JeWolyoouow € Jsowe si )i ‘(siese| se yons) sased Md} B Ul Ing ..mw_ucgag
jo obues e Buuueds uoneipel saonpoid Jejewoljoads B Ul 80IN0S eyl "wnuoads ozmcmmfcﬁ%‘
8y} Jo suoibal Jo[OIABIN PUB palenul ul SINd20 uondiosge usym pasn S| l_mquo‘;umaw Wlsct

; .82inog

‘Adoosoujoadg uondiosqy 1o} snjeleddy : B4

_ 1asfjeuy _ —_— _ JojoeieQ _ —_— E
g.w_”voE +— ojdweg | +— %

‘B14 ur uenlB si Adoososoads uondiosge Joj snjesedde ay jo weibelp onewayos ayy -
s19jawoujoadg jJualayyiq Jo sainjead diseq.
‘wnJjoads uoISSIWa Ay} Pajied S| paulBigl
wnJoads ay) ‘Ay ABJaua Jo uojoyd e Jo UOISSIWD dY) Yiim 9)els punoib ay) 0} ajels payioxe syl Wok it
snosjow ayj | ‘wnJpdads uopdiosqe ay) pajied s paulelqo ‘snuy wnJpads ey Ay Abisus jo uojoud
e jo uondiosge ay) yim [aae] ABiaua saybiy ay) o) |aas] AB1aus JOMO| BY} WOy uolisue)) e soobuaput
snosjows a4} uay) 's|ana| ABlaua Jeinoajow om) ey) usamieq (‘g — g =) gv eousiayp AB1oud & o
[enba Apoexa s Ay ABJaua s)i pue ajels punolb ey) ul eNosjowl e Uo s||ey A Aouanbaly Jo uojoyd 8 Ji
‘sjone] ABJous JeindsjolN uvemieq suopsuel) Adoosooods 1 *Bid

wnoeds uojssiw3 (q) wnypeds uopdiosqy (@)
“3 ]

) AY

R
“E

.. y ¥ o ) e "
3 pue g sjno) ABious Jenoojow omy opjsuon) WOSIL WNo0ds B MOL Jopjsuod §N Wl

‘BHINI UONOBIOY [EO|UBYOOLL uinuunt >: pou

+ 1 nondd
. [LLOJOP SUORBIPW OjQUING J© uopd
sons) ABisuo g usomioy soobiog

U OINOBIOWE 1 ULy suofBULL oL M SUEP Ec%c%%m :
5 "
108§
AdOOSONLOHdS ¥V NI

(18 I1G 05060073 (8123088 £ 08 AN 1 47%n 05 425t 8 oatrn o

R WA

e

17 O AN

oy 0 W

%e_g it

Scanned by CamScanner



; — ~tyy,
in the beam so that an alternating signal is obtained from the derttetc:or {an cl>SC|Ilat|ng Signalis\ |
amplify than a steady signal). A modulator is introduced to convert the signal to an alternagip aSigy t

The procedure enables more AC electronics to be employed in the recording stages; |, the micaractef.
region the source frequency is varied and the analyser is not necessary. Wy,

Sample .
The highest resolution is obtained when the sample is gaseous and at such Iy

collisions between molecules are infrequent. Gaseous samples are essential for microwave (p
spectroscopy for molecules can freely rotate only in the gaseous state.
In order to achieve sufficient absorption, the path lengths of gaseous sample must be very |y

of the order of metres. Long path lengths are achieved by multiple passage of the beam between ;9
parallel mirrors at each end of the sample cavity. For infrared spectroscopy, the sample is typiCa”ylo
liquid held between windows of sodium chloride (which is transparent down to 700 cm-') or pOtaSsiu;
bromide (down to 400 cm-'). Other ways of preparing the sample include grinding it into g Paste v,
‘Nujol', a hydrocarbon oil, or passing it into a solid disk, with powdered potassium bromide.

Fourier Transform Technique

Now-a-days, it is a common practice to use Fourier transform technique in Spectroscopy,
particularly with infrared (IR) and nuclear magnetic resonance (NMR) spectroscopies. In Fourier-transform
infrared (FTIR) spectroscopy, a Michelson-type interferometer is used to analyse the spectrum. It functions
by producing an interferogram which is the superposition of a series of waves, each of which represents
a component in the spectrum in terms of intensity and wave number. A Fourier transformation of the
interferogram then produces a well-resolved absorption spectrum of the species, with a good signal-to-
noise (S/N) ratio, also abbreviated as SNR.

Selection Rules

The molecular spectra are governed by the so-called selection rules which specify the changes
in the quantum numbers accompanying a particular transition. The chemist is lucky that selection rules
exist which determine a spectrum. It there were no selection rules. The resulting spectrum would by very
chaotic, indeed ! The selection rules are, in fact, the 'backbone' of spectroscopy and are obtained from
the quantum theory of interaction of radiation with matter. Let us enumerate a few examples which would
later be elucidated. For a diatomic molecule, such as H,, NO, CO, etc., the selection rule for a pure
rotational transition is AJ = + 1, where, J is the rotational quantum number. The selection rule for a puré
vibrational transition is AV = + 1, where, V is the vibrational quantum number.

The selection rules, however, are not always obeyed strictly. This is because certain approxima?t?ons
which have been used in the derivation of the selection rules are not valid strictly. The spectral transitions
which obey a given selection rule are called allowed transitions whereas those which violate a selecto”
rule are called forbidden transitions. In general, the allowed transitions are more intense (strongef
than the forbidden transitions which are weak.

The natural line width (or line-time broadening) of a spectral line is determi
Heisenberg uncertainty principle, AEAt > h / 4%, where, AE is the uncertainty in the energy a
uncertainty in the life-time of the energy level. Since, for a photon E = hv so that AE = hAV, henc
natural line width, Av, is given by (1)

Av 2 (47nAt)
Width and Intensity of Spectral Lines

When we analyse the spectrum of a molecule, the first thing we wish to know i
how intense (strong) is the spectral line. These two quantities are common to all branches 0f SP‘ZE at half-
fig. shows sharp spectral line having no width while fig. shows a spectral line having a width and very
height. The chemist would, indeed, be a happy person if the spectral lines were all very sha

intense. In practice, this is not so.

Pressure
ure rotationa,)

ned by the

nd At is the
e the
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Fig. : (@) Sharp Spectral Line, (b) Spectral Line having a Width.

© qwo factors contribute to broadening of a spectral line : (i) The collision broadening and (ii) the
ooppler proadening. Tt?e colhs!on broadening is _lgrgely responsible for the width of spectral lines in the
u?tré\!io‘et (UV) and visible regions. The§e transitions mostly take place between electrons in the outer
:ﬁeﬂs ina molecule. When molecules in the gaseous or liquid phase collide with one another, they
gefoml the charge clouds of the ou_tgr electrons thereby slightly perturbing the energy levels of these
eaactrons- Hence, the spectral transitions between these perturbed energy levels are broadened.

~ The Dpppler broadening arises when the molecule under investigation has a velocity relative
1 the observer of observing instrument. This is generally, the case with gaseous samples where the
nolecules are undergoing random motion according to the postulates of the kinetic theory of gases. If
the molecule is moving towards the measuring instrument with velocity u, then the frequency V' of
cdiation 'seen' by the molecule is given by

v = v(1 + ulc) ...(2a)

' - where, v is the radiation frequency and ¢ is the velocity of light. If, on the other hand, the molecule
ismoving away from the measuring instrument, the frequency of radiation 'seen’ by the molecule is given by

o v = V(- u/c) ...(2b)
~ Rearrange Eq. (2a), we obtain
o (v=V)V=Aviv=-—ulc ...(3a)
1,S.imilarly, rearranging Eq. (2b), we obtain ‘
L v= V) = Aviv = ule ..(3b)

o ‘ ﬁevquéntity Av is the Doppler broadening. From the kinetic theory of gases, it can be shown that
‘hé. DGF{D\E;r broadening of the spectral line of a molecule of mass m is given by
. AVIv = (2/c) (2KT In 2/m)™ -.(4)
- Since, Av/v is directly proportional to T2, Doppler broadening can be reduced (and spectral lines
‘ ?f,maXimum sharpness can be obtained) by working with cold gaseous samples.
- Mensity of Spectral Lines

and ,hé intensity of a spectral line is determined by (i) the Boltzmann population of the energy levels
> (i) the transition probability between the energy levels.

| thé;,’ 'u']'{:ccording to Boltzmann, if, at tempergture T, No.is the number of molecules in the ground state,
U number of molecules, N, in the excited state is given by
i3 o N = Noe—AEIkT . (5)
C(')'ns,tsr‘]’:hirg. AE is the energy differenc'e.bgiwe@ the grot_Jnd and excited states and k is thg Boltzmann
9t The relative population at equilibrium is, thus, given by
S ’- NINO = e_AEIkT (6)
than :tvi‘:i!:tly, if AE is large, N/N, is small, i.e., the number of molecules in the excited state is less
ence € ground state. In fact, at room teTperature, most of the molecules are in the ground state.
: geté-v;m;ip:ctral li.nes originating from Frgnsnjuons from the_ground state to a higher, say, third excited
5 eritéd State. mqre intense than those originating from transitions from the first excited state to the third

[ omasiiatmeaie, £ st s e tne aalREAE i
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7. PURE ROTATION (MICROWAVE) SPECTRA Ty .

It is also called rotational spectroscopy.
"Developed by Cleeton and Williams (1934) :
| Region of microwave spectroscopy = 3 x 10° - 3 x 108 Hz |
For light molecules the rotational spectra occur in the Far IR Region and for heayjg
- polyatomic molecules spectra arise in microwave reglqn. ; :
In microwave spectroscopy we deal's with the rotational energy of the molecules rotationg| ener
of the molecules is always quantised. > :
e  Such type of Gaseous molecules which contain permanent dipole moment jg

r diatomic ang

Micrg
active: molecule i.e., (rotational active molecule) e.g., CH,CI, H,0(Vapour) ocg "\S/age
~ CHCI,, HCI etc. . ’
®  Molecule which contain zero dipole moment not show rotational spectra (Rotationg| inactive
molecule) e.g., CCl,, SF,, CO,, H,, N,, Cl,, SO, etc.
. When a molecule having permanent dipole moment and show rotation then Fluctuation of

dipole moment takes place when it rotates.

- Howevers if a molecules does not possess a permanent dipole moment, there is no fluctuating
_dipole on rotation. Thus the molecules which have permanent dipole moment. can absorb or emit

radiation by making transition between different rotation states the. Dipole moment fluctuate in a wave
form just like electric field of electromegnetic radiation. R :

e.q.; R R
m Rotation £ I H &+ Rotation \ﬁ | Rbtétioh i IC' 0~ Rotation "H" Cf
S e v Cl5- 8t f Gt L H G 5 5
by Rotation, | i | ’
Oo——-oO0 on, ROtam& o——oO (No fluctuation)
diﬁole =0
it . .
Lol die) :
‘ Cl : SR
7 ' Cl—H /
H—CI - -
Ao '
i
b

e ; Fig. : Fluctuatipn of Dipole Mome'nt‘ with Rotation ih each
 Fluctuation of dipole moment and electric fisld of ‘electromagnetic radiation interact Wi
other and result a rotational Spactralt i L 0k g
- Types of Molecules ) _ .y
~“In microwave spectroscopy rotation of molecules take on the basis of their moment of I"
--along with three perpendicular axis, ! B T AT g

S W e o A and lc
~ Thus a body has three Principle moment of inertia, one about each axis usually called lx lg -

Scanned by CamScanner
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Ui .
5Ed _l i can be divided into following categories.
7 ol M

\ [ecules : In linear molecules all th
. »ar MO e atoms are : . .
4 l;;z;s 180. Here three types of rotation take place : arranged in a siraight line. Bond
.l X - . )
o152 . with principal axis or m : L
p lf o | : Along olecular axis or principle rotational axis.

A perpendicular to the principal axis or en S
b . . | to the principal axis or end over end ‘ OV.er end rotation in the plane of paper.
o Icg-; ~ rotation L to the plane of paper.
' e.d.

’
rs .
]

For linear molecule |, = 0
L=l
e.g., HCI, CO, OCS, HCN, N,O, CH,, HCCCL.

2. Symmetry Top Molecules : Symmetry top molecules have equal moment of inertia about two

axes of rotation while the moment of inertia about the remaining axis is not equal to either of the other
o moment of inertia. ‘

: 8075 o= I, =1
- symmetry top molecules further divided in two categories.
(i) Prolate : (Rolling Pin Shaped)
e, ,
. eg. . CHCI, CHF, CHCI, CHy
(i) Oblate : (Disc or Knob Shaped)
: =1, <1,

g BF, CH, etc.

i'_,é_: 3: Sbhé:r'ical Top Molecule : Spherical top molecules have all the three moment of inertia equal

?pherjca| top molecules has zero dipole moment.
|.e_ la = ‘b - lc {
Au ’egm'a_r-tetrahedral and octahedral molecules are spherical top molecules

e ' CH, ccl, 08O, SF, etc.
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4. Asymmetric Top Molecules : The molecules for which all moment of inertia is different from

each other is called asymmetric top molecules;

e LEl =~

: z &
eg.  H,0, SO, HCHO, CH,CHO, CH/F, @ CH, = CH - CI

o
i
............... C ':::-..-.......> lb
.;'H/ \ H

Rigid Rotor
We consider a hetero diatomic molecule having two atom of mass m, and m, the inter nuclee’

resent the centre of Gravity around which rotations take

the. dlstance of m partlcle from Gis r,
the distance of m, partlcle from G isr,
- From above dlagram we can | say that S e ot
My =1+, R A S s A O A
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AN i L ALY Al )
e moleCU‘e is rotating around centre of gravity G
No wmcment of mema of rotating molecule is given by
T.l*mn+m“ ()
| = m1r‘r, + My,
| = myrr t man,
; 1=, (m + m,) ..(4)
 Now we determine the value of r, and r, from eq. (1) and (2)
From eq. (1)
=T+
LElh—T,
myr, = mjf, = m (r - r1) = myr, = myf,
m,ry, = M, — Myl
mir1 \ m2r1 = erO
r1(m1 A mZ) = m2r0
r 5 Mllo (A
S o (my+my)
.- Such like that
LU (B)
~(my+m,;)
Now we put the value of (A) and (B) in €q. (4)
g Mo - Mo (m, +m,)
“(m,+m,) (m,+m;)
- mimzrg
‘ (m1 + mz)
—_MM2_ _reduced mass
~ o my+m,
> ..(8)
et ; o jonal ener
- as we know For angular kinetic energy (Rotationa ay)
' PR (6)
= Elc)z |
1 L = angular momentum
E= El.m ®
=] o = angular velocity
E= 2L.m 2‘
et et AL
B 2]
=L 3 (8)
— ‘ 2‘ RN e ey v Y
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But According to quantum mechanics it IS provide that anguiar momentum g quanﬁs\'w"“;
&d g
q

Qive,

l

by the equation
h
L= J(J + 1) 'é;;

Now put the value of eq. (9) in €q. (8)
2
w2 h

2 2
I CL) B T T )

E 2l 4n* 8l
E=BJJ + 1)
h2
B = -éEJoule
We know that
= »
8nlc L
h2

From eq.(10) it is clear that rotational energy is quantised and it depends upon rotational quant
no.
From eq.(10) we can say that
h2
E, =—-J(J+1) Joule.
0 =ga

L L)
hc 874 hc

_Erat _

JJ+1)em™

e-_h
8nlc
E = B(JJ + 1)cm™ J =(0, 1, 2, ...) rotational ovantum no.
Energy Level Diagram of Rigid Rotator
We know that

E =B + 1)cm

J=4 20B
8B
J=3 12B
6B
J=2 6B
7 4B
md=1 28

2B _,m"’ﬂ

J =0— : no " W
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- qum of Rigid Rotator
39

L

b N

2B ) 2B B >

0B 2B 4B BB 8B 10B 128
Equally spaced line = 2B
but energy gap is not equal.
For Rigid rotor, the rotational spectra arise in such a way that all spectral lines are equally spaced
e diference between two lines are 2B.

Now we can determine rotational constant by the help of rotational spectra.

When we solve schrodinger equation of rigid rotator, then it also provide information about selection
nles.

Quantum mechanics say that selection rule for rigid rotor

+1 Absorption
AJ = :t1<

-1 Emission

Now we consider energy difference of rotational transition when molecules goes from rotational
level Jto J + 1

AE =E,, —E, =BJ(J"+ 1)~ BJ(J + 1)
AE = B[J'(J! + 1) = J(J + 1)]

AE = B[J2 + J' = J?2 = J]
AE=B[(J+1)2+(J+1)—J?-J]

AE = BLF +1+2d+ 4 +1- 4 = 4]
AE = B[2J + 2]

| -(11)
S AE = 2B[J+ Tlem™" | |
s Thus eq.(11) give the whole spectrum to be expected from a molecule.

' i tra

Effe i ion on Rotational Spec . '

% ‘\)l\fII:SOtop‘c rfuﬁs:it:ttom in a molecule is replaced by its isotope, the resulting substance is
en a particula _ o mass

Chemically identi i iqinal except for its atom : | |

mlCi\‘W entical with t?:a: ;hge bond length (inter nuclear distance) does not changed on isotopic
ere we assume
Substitution,

Reduced mass

- _mm,

(W) ————

So we can say that i
| = pr?

f p(T) then moment of inertia | also )

s 812|C (1) due to this energy is also (}) because we know
i tant B ue
PrSCA i the rotational cons
that he (T)ing of | then
E=BJJ + 1)
E«B

. 80 anarmi ie Alen f‘.\
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For orgh

ution

1

! el e
By o B %y ™y

For jsotoplc gubstit

From 0q.(1) and (2)

So we can draw 8 diagram

oo 30B
JEb——"F . #
. co 5 308’
20B E
Je4——F — :
. s 208’
123 12B E
~— 12B'
J=2 68 .. 7,3 : 6B’
. 28 E
- 2
- A B‘
J=0 0B OB
Energy Level
0 28 4B 6B 8B 108 12B
5 i cm -
0 L} ’ ’ g § 5
2B 4B 6B g 108"  12F
Rotational Spectrum
ed 25 W

In the case i .
S sEnal @nergl ,ev;f( ?)eat\;y isotope .'the lines in rotational spectrum is not equis
it of b 4 e energy difference b/w two rotations level () so rotational tré"
Non Rigi gy. So that line in spectrum get closure to each other. f
on d , - . , f
e theﬂmozt::;c,)er a::j rz%c; ;ott:;or the. inter nuclear distance remains constant durm.g ;nt and?
inter nuclear distance will (T)es rotational energy then centrifigal force will be 9
This type of R ‘ g 09"
i th:protaﬁr:,),:at;r in which inter nuclear distance (M during the rotation is called non-rlg|dmen:.
(T) centrifugal force (1) the inter nuclear distance due ! hthe "~ et

inertia is also (T) So B o
and E also (d)es. So the ({) in energy is called centrifugd "
Ann.-"zbi-‘o.?j):ﬂ

We can say that !
Scanned by CamScanner
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/'F or non rigid rotator

Now

1 E B ll r 2
2

he energy of non rigid system is given by
E =Bl + 1) = Dj? (j+ 1)

Here D is centrifugal distortion constant and the value of D is given by

h3
320 r°KC
K = Bond stretching force constant

D=

AE; g BJ+1 i EJ

AE, = B (" + 1) = Dj*(" + 1] - [Bj§ + 1) - Dj*G + 1)]

AE, = [BIG + 1) = Bi + 1) - [Dj*( + 17
AE, = BIG + 1) - 16 + NI -
AE, = B + ] = F -1l -

AE B2+ — = jl - DI* + | + 2* -

AEi=B[12+21+1+1+1—J -1

AE = B[E+2j+1+j+1-[-]

— D[ + 4j + 62+ 42+ +1+12+21+2+2j3+6j

AE, = 2B[ | + 1] - D[4 * 12] + 12)7 + 4§°]
rAE =28(j+1)- 4D(j+1)° |

Now the rotation spectrum of non rigid rotor is shown as

225738 Tiot e rotational spectra of non rig!

0

=S

~,
~.
-

~—.
'~

: Rigid rotor
0 o8 48 6B 8B 10B 12B 14B 16B

EE

®quispaced, as well as energy of ro

- DG + 1Y
DG + 17 — 26 + 1))

D22 + 1 + 27) — @ + 1 + 2]]
i -7 - 2]
AE BIG+ 1)+ (+1)—R—]-DI(1+i++jp+2(+if-i-F-

_ D[ + 4] + B2+ 4P +je+ 1+ P 2)+ 2 (14 P 43P+ T

[ S
1
N

o
] I
o -

we calculate energy difference when a molecule transition from J to J + 1 rotational level

- 27

2 + 6 — = 2]

rotor indicate that the spectral line that’s arises in the spectrum
tation level (T) the spectral line deviate and get closure to each

T T L R T P L ey
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= L tational spectroscopy 1S AJ = # 1 |
1 : r ro
Intensity of Spec"::at ihe selection U f?ble from J to J + 1
As we know ition may be possiDe | energy level affect the intensity of sp
i e. rotational tran gifferent rotationa f transition i.e St
o Probability b/w dl o of different type O ra €. % B
Transition Pr tion the probablhty Y
idera
In general cons!
J=0to 1
J=1 to 2
J=2t03 ine must be equal but practically all spectral lines arg
ine

So the intensity of spectral
tra

| lines depends upon following two factors.

i S0 the intensity of spec :
i lecule in J level

(1) Relative population of mo
(Boltzmann population)

— in normal condition all the molecules occupied ground state i.e. at J =0, g =1

Now we calculate the no. of molecule.in a given energy level “J” that can be calculateq o b |

basis of boltzmann distribution law. |
According to this law the ratio of molecule in a particular J level can be given as :

ﬁ=e—(AEIIKT)
NO

Here AE=E -E butE =0
AE = E,

N, £, —BheJ(J+1
—pH (#
N, KT P KT

b

fot &quz) 1

b e i e

-

<

s KT
E = BJ{J + l)em
E =BJWJ + ) x hc Joule

N p(w)

- N'
if we plot a graph between N" Vis J t

0 hen it indicate that as well as the valve of JT the ratl of

NI
N, ¥ exponentially,

NJ B = 5 Cm—1

B= 10 cm™

\

() The higher probability of LT
Degeneracy of En

From quantum me

transitio
n be ; ity
LRV ] g t:ne °" Various energy Jevets will have higher ™"
anics, j ;. 0
1S Prove g th:’ dthat the rotational level is quantised
o €generacy af ratatinmal ~marm lavel iS
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IONAL OR LR. SFECIROSCOPY LY

1ye _
. nal spectroscopy is also called I.R. spectrosco a i
B 0% HZ = 3  10% HZ P IR Region of ele

'pi oe IR Region 50 — 12500 cm-
compIE™e =

ctromagnetic radiation.

Spectroscopic IR Region - 667 — 4000 cm™

I

Y K
Functional group Finger Print Req;

. gion
|.R. Region 1400 — 667 cre’
[4000 — 1400 o™ [ cml

(Asymmé_tric Stretching)

i |
are g
thy “ dCCo

| %

Far II.R. Region = 50 cm™ — 667 cm-
\ear LR. Region = 4000 — 12500 cm-"

0.8 ' 2.5 15 ()
| Near LLR. Region | |.R. Region

200p wave length

Far I.R. Region

12500 4000 667 50(cm™) wave number

if we fall |.R. Radiation on a molecule then vibration start. Due to this vibration I.R. spectra arises.
Condition of L.R. ActiVity : The molecule which contain permanent dipole moment or create

 dpole moment during the vibration will be |.R. Active molecule’s |

'..' T 0
B [e dr% , , _
; IQR:’A;:tive_ Molecule : H,0, SO,, HCI, HBr, H-I, CHCI,, CO, (Asymmetric stretching), SF,

. ( LR. Inactive Molecule : Homodiatomic molecule (H,, Br, Cl,, F,, O,, N,) and §;, P,, CO, and
RN

Ymmetri_cal stretching vibration)

The vibrational spectra arises due to transition b/w different energy level.

5, Principle of IR, Spectroscopy : The absorption of |.R. radiation causes an excitation of molecule
dor:e? : IQWer to higher vibrational level. We know that each vibrational level is associated to a no. of
¥ Space

the 1 d rOt?iti'onal_’l_evels. So clearly the IR spectra is considered as vibrational-rotational spectra.
a%mp:f_\d I a molecule are not capable of absorbing |.R. energy but only tho§e bpnds whmh_are
wned by a change in dipole moment will absorb in the IR Region. Such vibrational transitions
Mpanied by a change in the dipole moment of the molecule are called IR active tr‘ansr.uons
: are responsible for absorbing the energy in the I.R. Region. On the other hand the vibrational

Osery > Which are not accompanied by a change in dipole moment of the molecule are not directly
M these are | R ' ' '

inactive.

Sthese

’“e_aﬁ.po':i‘hp'e Harmonic Oscillator : The motion in which a particle or a system oscillate arogr;d Ict)Sr

Wetem i cz‘? 'S called simple Harmonic motion or simple Harmonic oscillation and the particle

.-He V-_F."d Simple Harmonic oscillator. -

mQ‘Ec_m'e-c- Pration of diatomic molecule take place around the mean position of the bond so diatom
- "beaccepteq as s HO, '
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L ,’ \
[ SN
N F 2 gF 8
| ! = LLX 3
HOUWWW@Q'—E» = 0
S L——— )
K=
X
ook law o5
SHO follow the b (x = displacement from mean position)
Fox -

F = —Kx
k = force constant.

H sign indicate that both force and displacement are opposite in directin,
ere -ve

The potential energy of the SHO can be given as in the term of work done b

According to classical mechan

v=[-F.dx

ics

x2
vV =-[(-kx)dx =k x dx=k--?

V =—kx?

The schrodinger equation of S.HO can be given as

¥  8n’m

dx? +T(E—V)‘F =0

From equation (3)

&Y 8r'm

1
dx2 +~hT(E"5kX2)"P =0

d’y  gp2
o T E- Loy
When we

.ger €quation for S.H.0. and
€. it depends o]
So the Vibrationg| energy i

can be given a¢ :

2

osc

Y System

A

; Und
find out the energy then Wen:Ono,(»
© quantum no. called vibrational quantu

<

=W, 6 =—

0

6
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t‘ . now tna[ """\IML"’
/As\ K

o 1
- 'Ev'%(v.}-—z—)hv

tzerd_ Jibrational level v = 0 then
g2 .

A
_Eo?EhV¢O

soatV =7()‘vthen E is not equal to zero but it POSsesses some value that s called zero point

_zerd point energy of SHO

‘ 1
E, .:Ehv(J

' the'vibrational level of SHO can be shown as

111
9 \ hv I
'7hV " v=4 we know that Ev=[V+%}hv
hv
T
T 5 v A v=3 if v=1then E =<hv
P.E 5h Vv 2
— hv 3 -
2 X V=2 if v=2 then E = 2hv
3 ¥ 2
-Ehv, v=1 . 7
\h)/ if v=3then E=—hv
o _ 2

if v=4 then E:%hv

NCto quantum mechanics the selection rule for S.H.O. is given by

Av /+1 Absorption
7 \ -1 Emission
the energy gap v — (v+1)
SN S =E-E,

- VVi o vt

e

| V‘Y“ K(V+1)+ ) (v +—;—)]hv
| adead gy
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In real molecules wheén We Stretch a bong then Ca'Ct

- illator : e A pyi
Anharmonic oscl le dissociates into atoms. So real Molecyleq ber? ot ¢,

the bond is break, so the molecu

oscillator. o
P.M. morse study the anharmonicity a

that can be given as :
2
E=D, [1 —exp[a(fg T )]]

D, = Dissociation energy

nd give a formula show the energy of
" hay
Mon,

a = constant i
r = internuclear distance at equilibrium.
eq

The p.m. morse potential diagram curve for an harmonic oscillator cap be Shown )

A

V=
D, v=3 D,
v=2 D, = theoritical dissociation energy
v=1 D, = experimental dissociation energy
; V=0 from ground state

4

According to morse potential curve the dissociation energy is represented as De and Do

Theoritical dissociation energy is calculated by the well potential curve from E = 0 to maxt
experimentally dissociation energy D, will be calculated from the ground vibrational level i.e. From
V=0tV =max :

1
or E =3 hv, to max.

So we can say that

De =Do +%hvo

° due to the anharmonicit

:
reto ¥
other Y of molecule the upper vibrational energy level get o

. i arise &
When we solve schrodinger eq. for anharmonic oscillator then energy is &

= _b 1\_ ) 1)2
K —(V+5Jm° _(V‘LEJ ®eX, cm!

X, = Anharmonicity Constant

if v=20then g, =

| =

CT) 3 —
() (Daxe

e

LYK <N N

d
2
: 3.3
if v=1 then e,=-2-

e . |
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| 5_ 25_
£y = 2 then & =58~ B,

" =Z(T) —ig_
ifV= 3 then & 2 o 4 (DGXO
9_ 81

ifv= 4 then &, :"é‘(ﬂo ——ZEI)OX

s The selection rule for anharmonce oscillator is given by Av = £1, £2, 3, 4 ........
*  Now we take different type of transition

(1) Fun(lia.menta| Band : Fromv=0tov =1

- g = 5 —g'o')x]—(la —lax)
_\J=()Atf>o\l=1ﬁ‘l 0—2‘-"4ee 2e4ee

Ag '—"63(1"‘2)(8)

: v=0to v=1

,‘\1(2) It Overtone (v=0tov= 2) Av = £2

v‘_AE BB, bl |
PO T
'AE =%a’; i ;aexe - %c—o +%6aexe
e

AE 2@, + 0 X, x —6

AE =28, — 68X =20 (1-3%.)

G ke Tv=0tov=2
~.-Such like that
o FOF'“hd overtone Av = %3

AE  =33,(1-4%.)

: -v=0Dtov=3
< For Il gvertone Av = +4

U LAE =43,(1-5%)

[T4B00.1201021 JEY

ey
s w’m‘(}"
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e T —

=4 = -] \
(3) Hot Band : v =110V =2 18%
First hot band (v = £1)
AE = E, - E,

lvA2E1= 6e —4a)exe = E)e(1—4xe) Ist hot band
Such like for ||~ Hot band

v=1tov=3(Av=i2).

7_ 49 _ 3_ 9_
v=ﬁ5=3=E3—E1=[§me-7meer—[—m —Zm xe]

AE =E,_E

(Hot bang) <v=\2

(Fundamema, V=1
band) <\

V=
sPectra )

i | overtone
Condition for Vibration

el b overtone
(1) Vibration m

Change in .
(2) A molecule under oing Vibraﬁge IN dipole Moment, w.brat,'ona
transition, iy Onal Change Must satisfy the selection rule for
Av = $1 gyt ‘

() The frequency of eriﬁﬁe ;
AE =hy fdAor 20s0rbed raian.
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AJ=i1,0

& g jon . |l utduulialmviviational s i

. / : xpla“at' pectra arises due to the selection rule.
O

?

. al-vibrational spectra different lines a ;
n rotation re arises, the explanation of line' i
e of lines = O P Q R S e's can be given as

Nam
gelection rule @a)y -2 -1 0 42
et AJ—J —-J :_1 L\J=J"—J':+1
) J'"=5
v=1 ) J'=4
J'=3
J'=2
J'=1
N J"=0
J'=5
v=0 > J'=4
J'=3
L J'=2
J=1
J=0
P Branch Q Branch R Branch
emission AJ=0

(i) For P Branch : Spectral lines on low frequency side of band centre (¥, ) corresponding to AJ
=_4and Av = 1 are called P Branch (or the negative branch since mass m is —ve) of the vibration-
rotation.

gt [Av=d41
e Al=—1orJ —J=-1
v, =vg—-28 (1)
- different P lines observed at Branch

V, = Vv, — 2B P,
VP=VQ—4B P2
VP=VQ—SB P3
v, = v, — 8B P,

(i) For R Branch : Spectral lines on high frequency sidfa of v, and centre) corresponding to
Av=1,AJ =1 are known as R Branch (or the positive branch, since m is +ve) of the vibration-Rotation

3 band their frequency is given as

Al=+1ie J'—-J = +1
Ve=vg+2B (1)
different R lines observed at
Vg = Vg + 2B
Vg = Vg + 4B
‘ W = Vg + 6B
— V. =v. + 8B

-

»n

0 AAAN
w

Branch

o
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10. ELECTRONIC SPECTRA

les are observed in the ultraviolet and visjpjq region
u ses from the fact that a transition betwee, two els Of the

oye : . CCtrgn.
ons between the vibration Onig
i invariably accompanied by simultaneoti® tranSlt.' ectra have vibratio al - rOa'Onal
states is almost mvaneir hYs s oxprossed by saying that electronic §p e t:al fine structure 5
o Eation é:st”we”;.;trulcture According to the Born-Oppenheimer app » (€ totg €nerg,
and rotational fine .

. b
molecule in the lower (ground) state is given by (
o " " 1)
E"=Ee;+Eib+E'°t . . " "

b " - uantized. Here, E"  E" i
neglecting the translational energy, E',, ot hleh 12 nc?t i Assuming that theeI BoerC?nd Mok
respectively, the electronic, vibrational and rotational energies. ited stat e ' n Ppenheimef
approximatic')n is valid in the upper (excited) state as well, the excited state energy E' is gy, by

olec
The electronic band spectra of llnxity ari
electromagnetic spectrum. Their compie

E=E,+E,* E'rot ~(2)
The energy change for an electronic_transition is given by

AE=FE -E' =(E,-E)+(Ey+Ew * (Ew—E -(3)

= AE, + AE,, + AE, ..(4)
Considerable simplification of spectra results by recognizing that

AE,_ >> AE, >> AE .(5)

The frequency for the electronic transition is given by the Bohr frequency condition, viz.,

AE _AE, + AE,, +AE —

v=—o

he hc -~.(6)

Eq. 6 shows how an electronic transition possesses the vibrational and rotational fine structure.
Franck-Condon Principle

ential energy curves i ound electron
state (E,) and in the first excited electro el r fo; the molecule in the o e is weak®
than in the ground state, the minimum | 1 "€ bonding in the excited s
slightly greater inter-nuclear distance than t

ic
Photon falls op, the tron!
Condon pring R

as 0 > 2). Transitions to other vibrationa| levels

lecule, the most probable elecﬁca
Ple, takes place from v = 0 to ' = 2 (written schem®

i jities
of the exciteg electronic state occur with lower pr Obat?' :
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Energy —*

intemuclear distance —*

Fig. : Electronic Transition in A Diatomic Molecule.

|

g 0-3

E 01 0->4

2 0->0 0-»5

3 | oy
vem ' —

Fig. : Electronic spectrum of A Diatomic Molecule.
: Consider now a slightly different case of a diatomic molecule which has a potential energy curve
»/N ground state and two potential energy curves E, and E, in excited states.

= ThePOtential energy curve E, does ot have a minimum, as shown in fig.
e’citEdT'he equilibrium internuclear distance is longer in E, than in E, since the bOF\d.lS .weaker in the
i“iensi state. The transition indicated by arrow @ has, according to the Franck-Condon principle, maximum

Stay .tV- Other possible transitions are from the first excited vibrational level of the ground electronic
o of the vertical arrows b, and b,. The transition b, ends in the

Y are indicated by the duplicati

plication g _

brational level of tsr(]e first excited electronic state where the molecule is still held firmly. However,
int where its energy is far above the potential energy

at the molecule dissociates.

Owes v
e

; fan e
Pl ui?on b, promotes the molecule to @ po
s Slale E, at large distance with the result th

S -r.The molecule will also dissociate if itis excited to @ level below the plateau in E, but above point

the Do’e the Potential energy curves for E, and E, cross. At an inter-nuclear distance corresponding to

a"d‘co‘ €, the molecule may undergo a crossover from one state to the other without energy change
lnue Tn Aicenninta
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apt (‘«'\'H\)SC(N‘\'

N RN
RQ zingt that :
Cenlis bY “\C\\B“‘n ()
Considerable simplifteation of spevird results Y dltlon ‘(,/..
\Eq S Ay T M by the Bohr proquency conditiony F
) X g . 1o reaneitio is “i\'(’“ A :
The frequency for the electronit fransition .03

a5 B+ aBy t AR ot |
VT e e . the vibrational and rotational fine
Eq. 93 shows how an electronic rransition possesses the VI i
stracture, o aeture of electronic
A verv useful guiding principle for investigating s V“m;tmi“:lllc t;;lvlll:(;ct,‘lllr states that an
spectra is provided by the well known b‘t’x\nck—(ﬂ‘ll(h"‘ pr “cl'l' le does not change its
elecironic transinion takes place so napidly that a vibrating ""?-t'(:ut’(u) a first approximation,
intermuclear distance appreciably during the rransition. This principle 18, s

3 : i » electronic
: Jh faste . puclei that during the
iwwe since the elovtrons move so much fuster thaw B8 WUEL e ransition may be

rransition the nuclei do not change their position. Hence, an electront , stance.
represenzed by @ versical line on a plot of potential energy versus the internuclear ¢{1 smf:c B
) ‘ e f wtronic transition of a diatomic
Let us demonstrate the Franck-Condon principle for the electronic ves for the
molecule. Consider Fig. 23. where we have shown Iwo thcm‘al energy Cur (E;). Since
molecule in the ground electronic state (Eg) and in the first excited electronic stfttf: 1) a
the bonding in the excited state is weaker than in the ground state, the minimum 11
potential energy curve for the excited state occurs at a slightly greater internuclear dls'tanl(l:e
than the corresponding minimum in the ground electronic state, Also, quantum mechanically
it is known that the molecule is in the centre of the ground vibrational level of the grouqd
electronic state. Thus, when a photon falls on the molecule, the most probable electronic
wransition, according to the Franck-Condon principle, takes place from v*=0 to v/=2 (written
schematically as 0 — 2). Transitions to other vibrational levels of the excited electronic state

occur with lower probabilities so that their relative intensities are smaller than the intensity of
the 0 — 2 wransition, as shown in Fig. 24.

M tn

-

ENERG

02

053

01

RELATIVE INTENSITY —»

INTERNUCLEAR DISTANCE r——p

-—

V,em-l—

Fig. 23. Electronic transition in a dj i ‘ .
a diatomic molecyle | Fig. 24 Elect
: , * <% Electropje
y different cace - Sl »
v - a diatomic molecul
state and ty ¢ diatom; s
o polenitia MIC molecy| i
energy ¢ € which p i
Uryes & as a potential
and i i
1 and E, jp €xcited states.

Consider now a slightl
energy curve Ej in ground
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Otential energy c‘urve E, does I.IOl have a minimum, as shown in Fig. 24.
ﬂ“'P uilibfi“m mterx}uclear distance
" 1he ¢4 than in Ep since the bond is
: jonge’ '“ﬂlclexcited state. The transition E
:‘-e aer 1B 7 rrow a has, according to the N

Ey

indicatc_dgzndon principle, maximum
ranck iner possible transitions are from

mﬁﬂsw' excited yibrational level of the
e ﬁrslq_ ctronic state ; they are indicated /
Emund "l: lication of the vertical arrows g

by 8¢ P he transition by ends in the
p, 404 itz).raﬁonal level of the first excited
west vic state where the molecule is still
eleCtr(t)_‘:_ml  However, the transition b,
eld O:es the molecule to a point where its
mﬂ;y i far above the potential energy
etllﬁl’;:»a | of state Ey at large distance with
mz result that the molecule dissociates.

The molecule will also dissociate if it X /s
. excited to a level below the plateau in X\ e
£, but above pomt ¢ where the potential 2 ENERGY LEVELS
¢nergy CUTrves for E, and E, cross. At an
mernuclear distance corresponding to the
point C, the molecule may undergo N Fig. 25 Potential energy curves for the ground state and
crossover from one state to the other without -

2 4 . two excited states of a diatomic molecule.
eergy change and continue to dissociate, The curve E; crosses the curve E;.

In the case of homonuclear diatomic molecules such as H, and N,, the highest occupied
molecular orbital (HOMO) in the ground state is a bonding molecular orbital (BMO) whereas
the lowest unoccupied molecular orbital (LUMO) is an antibonding molecular orbital (ABMO).
The HOMO and LUMO orbitals are collectively referred to as Frontier Molecular Orbitals
(FMOs). The electronic transition HOMO — LUMO takes place, i.e., the electron, upon
asorption of a photon, undergoes a transition from HOMO to LUMO. This lies in the short
wave length side of the ultraviolet (UV) region. An exception is provided by the oxygen
Molecule O, that has two unpaired electrons in the ground state which is thus a tripler stare.

¢ electronic transition occurs from the triplet ground state to the triplet excited state (rather

o }0 the singlet excited state). The electronic spectrum of O, molecule is, of course,
plex.

VIBRATIONAL
ENERGY LEVELS

ENERGY —»

—_—

r;”‘"“&h the heteronuclear diatomic molecules such as CO, HCl, NO, BH, etc., have
.mlhe;?mpk?x structures in terms of the molecu?ar. orbitals occugled by the various felectrpns
Congig their electronic spectra are essentially similar to those of the homonuclear diatomics,
- Hng of absorption bands in the near ultraviolet region.

}’ibraﬁ:n:lemronic spectra of polyatomic molecules SpOW greater degree of complexity. The
the 5, Sucture and the rotational fine structure of electronic spectra can only be observed
'deﬁneﬁse(“ls states of small molecules. In solution, the rotational energy levels are not well
fine .. * Or€over, large molecules have very high moments of inertia. Hence, the rotational
by (he Fc ure is totally wiped out in solution. Even vibrational transitions are broad: as shown
a h\rgeramc ~Condon principle. Thus, the clectronic spectra of molecules in solution appear
elec%n_ Unresolved bands rather than as sharp peaks. This 1s a characteristic feature of
‘D_Kaﬁ{,n;({ SPectra in condensed media and must be borne in mind. It also follows that if the
e, coné?ngrvibrational structure of an electronic band can be fully resolved in the gaseous

able information can be obtained from the electronic spectrum.
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SPECTROSCOPY

c, C=0, -N=N- and
hose electronic
f their detailed
hanics and group theory. On the

be classified as O,
carbonyl compounds, the

280

ularly those containing 8o
form a special class of pO
interpretation €
ledge of quantum mec
(MOT), the clecu};ons can be

s they occupy. For organiC ’

tion o}; the el%?:trons inn, cand 7 orbitals in the gx:o.und

state 1 o* and n* ABMOs in the excited state (Fig. 26). In other words, only the transitions
of the type 6* « o, n* « x and ¥ ¢« 1 A€ allowed. Since electrons in the n orbitals are not

involved in bond formation, there are no ABMOs associated with them.

The o* « o transitions occurring in saturated hydrocarbons and other types of compounds
und in ultraviolet region

;‘iln:glgh all valence shell electrons are involved in single bonds, are fo

ore fouﬁﬁ m}t'l(])lve_very high energy. The n*.e— n and the T* < n transitions, on the other hand,
and O=0 either in the UV or visible regions. The unsaturated molecules containing Cc=C
For aith gzgupsd(lscuch as aldehydes and ketones) show n* ¢« n and n* « T transitions.
transition );md tl?: ;ﬁmes the more intense band near 1800 A (180 nm) is due to T* < 7
hydrocatbens sho v\:,We er band around 2850 A (285 nm) is due to 7* < n transition. Olefinic
heorption near 1808;1;;1 . X transition in the wave length 160 - 170 nm. Acetylene shows an

Organic compounds, partic
extensively conjugated systems,
spectra are amenable to simple
Spqctral features may require know
basxs_of the molecular orbital theory
bonding) depending upon the MO
electronic transitions involve promo

A
oz ()-=0 — >C [Ho o
Y
>c W e SNBSS
O IIO® ., — *
- + n"<<%n
o N O O i
C N
% == 0 —= _C o] A
2 Q Q Iy g
@ + - ¥
\ 1 ‘h
b G 0 — D CED
H ) = 4
2 A ¥ -
\ .
e C@O — C/:\O
X \——/ i
z
y
Fig. 26. Localized
molecul
Functional I ar orbitals angd electronic transitio
180 nm, are called as C=C, -N ns for the o
’ y =N= i : ar
sulphoxide gmupscatlsl‘gvr;(ln:;ores. Other Chromli;)h‘”hlch absorh bonyl group
aromatic rj ores . w
Molecules fings, are nitr. ave len
C* e n transitif)l:;h 3 methylamine ang Methy] R0 cal‘bog’}llstﬁ?nger an
- ¥l iodid locarbonyl
€ wh yi,
Ich do
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el conjugated systems, the ,

\ 5 Ihe n-clect 281

cx‘ I .2 b o M . » . ‘ r()nﬂ are " vnls,

l“w > ‘li‘;‘;l ;){fl‘ltll? ‘:‘I:;frlb l:)r LI‘(‘)‘;Ld In-terms of the 'f(-rc(:,dfl(- alized over the entire skeletal
e ) AR ) , -~Cleg .7 B o

e psorpiie wer wave len ctron model’ and % is found

¢ A" o md CeHee(CH=C #ths as the exqe A
(i y the compound CoHs—(CH=CH), —.c extent of conjupdlion’increases.

cnsively
ork: 5
abso I
Ah, | ' -‘ ”
H i ‘ y RN nlls, the n* LT
ﬂ‘us'n when p=1 0r 2'.|Alh nincreases, the clectronic ",‘::'(,;. T transition lies in the UV
,qﬂ}" im o dealt with later in this chapter, This )hc‘ sition s}}lftf; to the visible region.,
111152“7 § phenomenon is shown schematically in
ﬁg“/_———
»
Ao \
-k T —
!
‘ ———
=
>A
0
%
w
Z
4 -
'\
n ——
INCREASE IN EXTENT OF CONJUGATION——>
Fig. 27. Energy level diagram showing that in a conjugated 7 electron system, the wave
length of absorption maximum is directly proportional to the extent of conjugation.

The intensity of an electronic band is determined by the extent of overlap of the wave
functions in the ground and excited states. Since there is very poor overlap of wave functions
of the ground and excited states in the ©* « n transition and there is considerable overlap of
the corresponding wave functions in the n* & 7 transitions, the * « 7 transitions are less
intense (ie., weaker) than the nt* « T transitions. Also, in strongly acidic media, the °* < n
band disappears due to the protonation of lone pair of electrons. In fact, the protonation may
increase the excitation energy to such an extent that the T* ¢ n transition may shift far out
into the UV region and may not be observed.

The protonation of a functional group introduces profound changes in the spectra. Thu§,
endent upon pH. Solvent effects, t00, are useful in

the spectrum in such cases is strongly dep ol ry i
entifying the nature of these transitions. The T* ¢ n transitions are altered by the solvent
effects in v ele s in oxygen oOf nitrogen-containing systems
e pair electron & Sy
cases where the lon¢ F to refer to the shifts in

nteract with polar solvents. It is customary in spectroscopic literature
tption bands and their intensity changes 25 follows :

L. Bathochromic shift (or, the red shift) : a shift Of Amax
hift of Amax t0 Shorter wave lengths.

2. Hypsochromic shift (or, the blue shift) = a8
‘ 2 pomic shift(or tensity of an absorption band, usually with

refe3' Hyperchromic shift : an increase 1 the in
“eTence 1o its molar extinction coefficient Emax:

a . e s
4. Hypochromic shift : a decrease in the intensity

Foay.

to longer wave lengths.

f an absorption band with reference to

‘ hich does not give rise 1o
. The term : or a group of atoms W
= to an atom oati i , causes a
N g “m auxochmmfz refers oot when in conjugation with a chromgphore
Dion band. on s oWE © 7 For instance, Sc=CL group is chromophore
bathochromic shift

M0thromic shi ic effect.

in gypyoiC shift and a hyperchromic €& T 4 halogen atom, &
any Ylene; , s is replaced DY . )
ik hyl::’r::;hen T grie hydri,(:j%xecx::d. This is because the lo}?e gall([; c;l] t;lteo II;:llaclch;n az 0:;
Siigates vt effect are PIOTE" " -~ we “onclude that the ha g

Wxock with the alkene double -
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