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Q. 1. What is Frank Condon Pnnmplc ? "~ (Dec. 2007)

Ans. The transition between two electronic states take place accordlng to this
principle. The vibrational structure of the electronic transition can be studied with the
help of this principle.

This principle states that because the nuclei are so much more massive than the
electrons, an electronic transition takes place very much faster than the nuclei can
respond,

If we consider absorption of a quantum by a atomic molecule in the ground state
then transition must occur along a vertical line according to definition of Franck Condon
principle. Because this principle says that internuclear distance does not change with the
electronic transition. Hence the most probable transition according to Franck Condon
principle is from V, of Ey to V, of E; i.e. Vo = V. The probability for other transitions are
low.

Q. 2. What are different components of spectrophotometer ?

Ans. Spectrophotometer is actually the instrument which records thé absorbed
wavelength by the sample and display the facts in the form of a spectra. For different
types of spectroscopies, of course construction of the 5pectr0photometer is dlfferent But
all the absorption spectrophotometer mainly consists of : o T LY It

(A) A Radiation source : i ot

(B) A Sample cell " i} i sl

(C) A dispersing element
(D) A Recorder

O1

»
2
p

SOURCE ), "-t o - |
OF by = m—
LIGHT  sut MONO  SAMPLE DETECTOR RECORDER
CHROMATOR ) i : : =
Fig. Important Components of U.V.—Vislble Spectraphotometer (Single beam spectrophotometer)
C-53
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Q. 3. What do you understand by IR spectra ?
iaced ik il SEEX ' (Décr2007, May 2007, Dec. 2006)
Ans. The IR spectra is obtained as a result of irradiationi &f the molecule by infrared
radiatiéns.‘-“"ﬁéﬁ a molecule absorbs infrared radiations the energy is not so highto jum?
to higher energy levels. This only causes the vibration of atoms of molecules. Th.c mfgamc
compounds starts vibrating at high speed about the covalent bonds. This vibration is due
to vibration of atoms about covalent bonds by which the atoms are attached to each other.
The different compounds absorbs the infrared radiations in different regions of the
spectrum. This gives rise to infrared absorption bands at a specific u:ravglength or

1 : y
frequency. The bonds are specified by wave number 3 in the spectrum. The vibrational

or infrared spectrum of an organic compound gives the % transmittance and wavelength
or frequency at which band is formed.
I

INCREASING WAVELENGTH -

L

DECREASING FREQUENCY_L

L

% TRANSMITTANCE —

~ Vibrational spectroscopy is mainly concerned with the study of those molecules
which shows the change in dipole moment during vibration. The molecules having zero
dipole moment or have a permanent value of dipole moment cannot be studied by
vibrational spectroscopy. The homonuclear diatomic molecule like F,, N,, O, etc. donot
show vibrational spectra where as the heteronuclear diatomic molecule (HCl, Co etc.)
show vibrational spectra because their dipole moment changes with change inbond length
due to vibration between atoms attached by covalent bonds. The change in dipole moment
generates the oscillating electric field. The IR spectra is generated due to resonance which
arises when frequency of the oscillating electric field is similar to the frequency of electric
field oscillating in the plane perpendicular to the plane of propagation of electromagnetic
radiations. .
The absorption of infra radiations bﬁorgdnic molecules results various types of
vibrations, which leads to the infrared or vibrations spectra. The region 1300-900 em™, of
IR is called Finger Print region. Identification of unknown compound with that of known

compound is done in finger print region. :

C-54
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antibonding moalecular orbital (z* ). So & e will occupy 7 boriding molecular orbital i.e.
ground state. On absorption of energy the n e will get excited-to higher energy orbital ..’

n* or t antibonding molecular orbital ‘(m — %) . SRR ML TS

If the molecule has n electrons also the possible transitions for n electrons, which :
will occupy 1 molecular orbital (i.e. nonbonding molecular. orbital) in the ground state’ 3
may be n to ¢* and forn to n*. (n = ¢*) and (n - rt*) or'n= c*. 3
“Transitions from bonding and x to antlbondmg n* and o* respectively, i.e.g —xs

and 7 to 6* can also take place. But according to selection rule, these transistion are.
forbidden and are of very weak in intensity.

o —

!
3
5
l

b & L » o
L] .’.
T 1L - ] * we
$ b
E .‘. c ‘. l
44 3 n
% - :: 'l‘
G| F '3
=] e B e
. a
SEvi s cdzetonar Banl oo s 3
Flg Dlﬂannt Eleclronlc‘rrnnllllons . .
PO ‘ v . ey 12n° J 5 BT :_)

1 ge ,'l'heghfferent transitions obey the followmg trend of energy requirement..;

heolemreldmi ot 2 e G5l gt ST R SN SR &
" When an electrornagnehc radiation in U.V. region (200-400 nm) or \nsnble regi $L

(400-800 nm) pass through the sample compound having multiple bond in its structur Gj
part’of the incident light'is’ absorbed. This absorption imparts energy which leads
different transitions of valenice electrons in the sample molecule. Since sigma electrons
are-tightly held and higher amount of energy is required to excite o electrons, so |t
biitside the rangé of usual spectrophotometers. ¥

<" Q. 6. What are Chromophores ? e (May 2010, zoog

Ans. Chromophore is defined as any isolated covalently bonded group that showl
a charactenshc absorptlon in the ultraviolet or visible region. A

. The. absorption occurs irrespective of the fact whether colour is produced or not;,

i
o

" There are two types of chromophore : : - -,v-
() In which = electrons are presen;"prgd hence T L transxhons are shown eg
ethyiene, acetylene, ‘Benzene etc = . %
2 118 L] i n . d . v E i - J
C-56-
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(if) Those which have.both 7 and xt electrons so that these show 1 — n* transitions in

addition to = — n* transitions. . , . B
Examples are carbonyls (>C=0), nitriles (R—€ = N), Nitrocompounds (R—NO,) etc.
Q. 7. What is an auxochrome ? : (May 2010)

Ans. An auxochrome-is a colour enhancing group. It does not itself act as a
chromophore, but when it is'bonded to a chromophore, it increases the absorption value
in terms of 1 and intensity. Because a new chromophore is formed due to'this combination.
Examiplés'of &iixSctirome aré —OH, ~OR, ““NH, —NHR, =N K,, =S H etc. All

. ooaennant e i Tt 100
the auxochromes have n electrons. ANTA T2

Q. 8. What is Bathochromic shift?7

Ans. It is the effect by virtue of which the absorption maximum is shifted towards

longer wavelength due to presence of an auxochrome or by change of solvent. This shift
is called Red Shift. '

Factors Causing Bathachronic Effect
(i) Presence of auxochrome.” =~ =
(i) Nature of solvent.

(ii) Extention in conjugation.

Q. 9. What is Hypsochromic shift ?

Ans. 1t is the effect by virtue of which the absorption maxima is shifted towards
the shorter wavelength. This is called Blue shift. Removal of conjugation or changes in
polafity’ of the solvent, are the two factors responsible for blue shift :— 28 e

1. Removal of Conjugation : Butadiene shows absorption 'maxima at 270 am but

Nox1h LKA M

ethene shows at 180-190 nm. This blueshift in ethene is because of removal of conjugation,
" CH,=CH, =~ """ ' CH,=CH—CH=CH, " |
Ethene Butadiene
NH,

2. Polarity of Solvent,:If-aniline @ fir - is taken in acidic
. e oo 73 2ok Sgpe A o /ANILINE  (Amax® 280nm)
solvent, the lone pair of electron present on N will not show conjugation with p-bond
system of benzene ring. Hence a blue shift is caused which will lead the absorption to
lower wavelength. (Blue Shift) ,-.;:vr . . |

Q. 10. What do you understand by intensity shift ?

Ans. Hyperchromic Effect or Shift : It is the effect by virtue of which intensity of

the absorption maximum increases. Introduction of an auxochrome increases the value of
the intensity of the wavelength absorbed.
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““Hypochromic Effect or Shift : It is the effect by virtue of which the intensity of the ;
absorption maxima decreases. This effect or shift is called Hypochromic effect or shift. |
The introduction of the group which distort the geometry of the molecule course |
hypodmronuc effect. For example €__ /intensity for biphenyl and 2-methyl biphenyl is I
19000 and 10250 respectively. The substitution of methyl. group in b1phenyl cause |
hypochromic shift due to distortion caused by it. E it A ey e 1

Q.11. What are isobestic points 7..;. v .oonn 000 Lo el -,

,». ,Ans. The spectrum of new compound canbe comparedw1th spectrum of the known -
compounds This is called finger printing. j
NG s . g

et ramtingk , NEWOR / ~4% | e Pe o emen '
i e UNKNOWN— \ 3

M Ansviie 7| ~COMPOUND i/ - 1 Hgns$n qnd s

I Lol y

o COMPOUND % .

(STANDARD) % A

£ 1y <

WAVELENGTH ' +ft & -onris 1 eridl 2.0 i

el bietidnelen nen cFIG: Showing Isobestic Points” <~ yruils -‘4* 21 Lt :
o IR R ) WS d NI Tk .
" “The pomts A B a.nd C marked in the ﬁguxe above where the lma, value is same for _r‘j
the two compounds are called Isobestic Points. - — }
Q 12. What is Zero pomt energy for Sunple Hannomc 05clllator 2 :
"Ans. Fora snmple‘harmomc oscillator, the vibrational energy is repmented as F.‘,,:b |

and e |
st M ] '1!;:. . I

/ Ey = (V+'2-)’1Vyib i

' V = vibrational quanttim'number: TG g

(It gives us idea about the position of the molecule i

in vibrational level. where value of V can be i

. V=0,1,2/ e ) ;

S R L -3 =vibrational frequency" - ) o : A

h = Planck’s mnstant (D117 AT TEL S § SYEd LALTR 1%l

©Aiide oriaotm v ot )erglams cav L0 osuded DO

o ggeep (i Ny cgtyiy ;'i_.‘."."r-"-x:C.y“'b. A i Iy LT s {.'

' %) FE ol Tob S NN L $3 nr Copmierma g endn s i3
X B ot !

; | ' |
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= Ev = (V +l) }IC';;-;I; \
) b 2
nee vjr ~ T b ' b2 i

A

=1 the molecule is present in the ground statei.e, V.=0; Ejp= -%- heveib e, in ground

state, mglecule is not inactive, it is vibrating. This energy is called Zero Point Energy.
X Q. 13. Why are electronic absorption bands generally broad as compared to infra
... Ans. Every electronic transition is accompanied by vibrational and f&:fqtipnal_chan._'_ nge
which contributes to the broadening of band whereas IR band is dué to only rotational
transition: - | ot ity D gl e lxe ST
Q. 14. Selection rules for IR. ©onh T Y (May 2009)

Ans, For simple harmonic oscillator AV = + 1 and for a harmonic oscillator AV = +1,
+2,%3,...

Q.15. Give the range of IR, UV and Visible regions of electromagnetic spectrum.
Ans,

crdei T

v (Hz)—
3 x 1012 3x 1014 3x 10
IR Vis. u.v. N T
100ugm . 1000 nm 10 nm
-«

Q. 16. Give high résolution NMRof ethanol”: ™ 7 .= /"
t ,n,zAns'.Inpure ethan_ol.t.' At Al Lencecdy oz viancle o ahaid vasoe vrpds ey

W0 el 11 Crearredeth goy Heve vend ny
el R (a) () (c) =
LA Ge ¥ 5 gl HsCI'IzOH a2l

§oe o I» x

TRIPLET  MULTIPLET — TRbeET Lo POV naed
{c} (b} (3)
SPEAKS

y "!'.'. Vamtanewt Lol E - T 0 LI

Fig. Showing NMR spectrum of &,{E‘H:E;H (Ethanol)
c-59
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Q. 17. What is coupling constant? ~~ ~ (Dec. 2008, May 2007, Dec. 2006)
- Ans. The distance between the centre of two ad;acent peaksina rnu]hplet is constant
and is known as coupling constant (J). It is measured in Hz or Cps.
.1 If we take the spectrum of a sample at two differenit radiofrequencies'then the'value
of chem:cal shift changes but the value of ] does not change.

By comparing the value of ] between peaks ‘one can assure that whether the given
signal is a doublet or two singlets. Similarly by running the sample at two different
radlofrequenmes, and then comparing the value of ] for both the spectras, it can be
concluded that what is the nature of given s:gnal In other words, it can be said that I.f]
changes, the signal is not a multiplet, but of ] does not change signal is multiplet

. .Incaseof geometrical isomers : ' N1 q0d e lipr ol s,
1AL (1S, s % Imb':[d’ s Tt e (4 L <TT 2ol
C_ y ]:13'18 cps
c1/ \H
(trans)
H IGh e
. Cl/ \H e T
(Cis) . .

Flg. 8howing different J valuss for:cls and trane lsomers, ;.. -T2 0

Q. 18, How many Kkinds of signals are obtained in NMRispectrum'of CH; CH OH

and how will you distinguish prlmaxy, secondary and tertiary alcohols on b:sls of
PMR. A0 473, AT (May 2007, Dec. 2006)

Ans. Three kinds of signals are obtained in NMR spectrum of C H3 CHz OH.

Fora;(3H) ; b;(2H) ; c;(1H)
» &(c) >d(b)>d(a)
1“5 of 3° alcohol <& of2° alsohol < & of 1° alcohol because of +1 effect.
Q. 19. Which type of nuclei shlcow ‘NMR speéb'a 2 A

l!i‘ll]ll! 'I", |I.L 1

Ans. The spin quanfum number of nucleus‘ ¢an have®values 0, %, 1, 1-, 2 etc.

depending on number of neutrons and protons having parallel and annparallel spins.
The spin quantum number of nucleus is representéd as I.
. o
(loaae. 3 1.0;:.'_-__-1:- o muitcogn MM pabwon2 pS

=50

-
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Number ofprotons Number of neutrons ! I .
E\;'en ,.._. ~- :: ,:;-IEvenr, _._.__.__.‘ voamileie s , -‘.O!::‘_.‘.‘_ '.f.ll," .
Od¢ [} LS L RPN E | Qd.c.l'-:". HEYR i b | :i“tege.f (11 2! 3-_-9)" x
E ' odd hlft f iy
ven | ha meger(2 2’3" )
: 135
Odd ‘-n"vg.n half integer ( 2’2’ 3"" ~)

Spinning of various parhdes m ‘the;nucleus leads to net spinning of the nucleus
about an axis, Now the nucleus is a'charged particle. When this charged particle spins
about its axis (when I » 0i.e. I >.0),itacts:as a small magnet (nuclear magnet) and hence

must have some magnetic moment..

Q. 20. How many NMR signals are observed in the spectrum of :

(i) CH,COOCH,’

; Ans. (i) 'T‘ivo.sig;;‘ni;' '

N
*F i1 =’

FT < I -

(if) Three signals .

Fas i (F IS

et f

(ii{) One signal

(iv) Two signals

' (i0) CHyCH,CH,. "

ot <l o anine seapeset yar\sal
CHy - C—=0—CHs ' :

(o) (o) i _—
(a) () (b) (2) QR
CH3;—CH, .. = CHy—CHj. 00

(c) (c) ,
(a) (a)
CH,0CH,4
(@ (b) (a)
CH;3CH,CH;

Q. 21. What is precessional frequency ? -

Ans. To understand precessional motion. ofnucleus letis take the example of a top.
Spinning top shows the precessnonal motion. If we see the spinning top carefully it can
observed that top show spmrung around its axis and simultaneous rotating around the
vertical axis. This vertical axis is actually of earth’s gravilauonal field. This motmn is
called processional motion and the top is said to be precessing around the vertical axxs of
earth’s grav:tahonal ﬁeld This resulted because of mteraclion belween spin and earth’

c-6i
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gravity acting vertically downwards. It is called gyroscopic motion. Now let’s consider a
magnetic nucleus (I > 0) e.g. proton, spinning in an externally applied magnetic field. It
can be observed that proton precesses about the axis of external magnetic field in the
same manner in which a spinning top precess under the influence of gravity.

It is known that
R w = YHj
w_=angular precessional frequency
i Ho = apphed field in gauss ‘
- < e e I+ S g i e o e _2 L o m— — — — — I
A gyroscoplc ratlo 1 : .
- it 1
' p-= magnetic moment of spin |
I = spin of quantum number of spmnmg magnet !
s h -—p!il!'ICk constant - . . - 5 |
As w =2nv |
So, it = MqHy =.2xv - HD T

v = precessional frequency which may be defined as number of revolutions per
second made by magnetic moment vector of the nucleus around the external field H,

Or It may be defined as equal to the frequency of electromagnetic radiation in
megacycles/sec. necessary to induce a transition in nucleus from one spin state to another.

Q. 22. What do you understand by chemical shift ? (Dec. 2009) '
Ans. The difference in the absorption position w.r.t. TMS signal is called chemical
shift. " wee ¢ (v ~
Chemical shift (3) can be represented as®’

Avin Hz or Cps
&= Operating frequency in Mega cycles/ MHz
Units of § are ppm. |
where Av = difference in frequency in Cps between the absorptmn frequency of
sample and TMS (the reference compound)
For TMS, o= =0ppm - Tigsey vazury et 7
" Chemical shift can be représented as < (tat). Itisrelated to §- ¢+ - = “'%
t=10-8 ' |

Q. 23. What :s the effect of presence of halogen on chemical shift of proton.
Why 7
1 J“-\. 2in

!
: Ans. Gl;eater the eleclronegatwnty of’fﬁe atom, greateus the deshleldmg caused to '
the proton If d&siueldmg is more for proton then its d value will be more. '

c-62
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e.g. CH3 C]-I2 F, lwo signals are cxpccled for this samplc molccu]e One for (a) 2H

and one for (b) 3H px’olons As (a) type of protons are more near to —F; an electronegative
atom havmg —T efféct. So it will w1thdraw thee dcnsxty around (a) type of protons towa.rds
itself. Hence (a) will undergo dcshneldMg more as compare to (b) type of  protons. ‘The
later is more distant from —F.

Q. 24. How will you verfiy that a particular s:gnal in NMR' spectrum arises from
—OH, —NH, —SH groups ? (Dec. 2007 May 2007, Dec. 2006)

Ans. §of Hof —OH > & of H of — NH > & of —SH becatise of the effect of
electronegativity as the trend of electronegativity is O > N > S.

Q. 25. Indicate diagramatically the spritting of signals in NMR spectra of

(i) CH, Br- CH Br, (Dec. 2009, 2008)
(ii) CH,~ CH Br, :
(iii)) CHy~CH, Br+* .. .+ i ot 3wt A2 n it SLO
v : : (ﬂl \ s gt Sieidael “ kit e ¢ B!
Anms. (i) i 6% 43 CHzBr—-CHBrz _ B 8 -

e
»
L)

. i, I
(b) . o et ts ]
ULo2ltdr=ee Qe ot ey i g by parys ol w10 9=adl
£ Finis b r! ,_.. TR .,"-l. i (il
* ".-.",’ i ety 5wl s wagal 5 - e - .- s ar »
i, — L ileg. s Ao, 4 (] L] e det ’

JTE T 3 FRD 1 . o an
e S T w '. (@) . e b -t ccihen
(1) ' CH;—CHBr, - e I iy
: Y - v i E .36
N s - i (a) (b T / " i o
_hML M |
+, 4 - e .|‘ | '
= [
. (bl () {VIKEP
! .(.".l)u-;." brdlvd canpsl vign wCHS—S:!{Z_Br.,‘J 10 a1t s g 1
9200 ya) ' "
cfg) -0 (b)) et .T .
“4—3
Cc-63 |
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(May 2010 Dec. 2005, 2007)
“-Ans. TMS is’ Tetramethyl sﬂane, is taken as standard for measunng chemical shift
because it ced A R i N g
(i) it is cherruca]ly inert ' A e

(if) It is highly volatile
. (iii) It has max. no. of equivalent protons

_ (iv) Silicon being electroposmve in nature, results in sl'ueldmg (Mnx.) Br /s

- - -'\-",--1

g

——

. CH, b L LR R LA

Yoo raduacs AN oy trnsie 20 SHEC=SI=CH;lisoitnmsrn e i el 7€ .0 ¢

(100 BOUL o éH& : - ." -8 i "E
T”S . o34 1 = 24 A

Q. 27. What is the effect of presence of a halogen on the chemical shift:of alkene ? |
Ans. Shieldmg and deshielding effects of halogens in case of an alkene : |

e.g. HZC CHZ In this case one type of four protons are present So all the four |
protons will show one signal. N /
In presence of halogen, HzC C?i,)( ' J
There are two types of protons i.. a and b. So there will be two signals in NMR
spectrum of haloalkene. Such that é, > é, and I, > I This is so because of presence of
halogen near proton of a type cause deshleldmg as X is a halogen and is electronegative
in nature. So it tries to attract the ¢~ density around proton towards itself causing
* deshielding of the proton. Deshielding leads to downfield shift i.c. high value of 4. This
attributes to 6(a) > 6(b). As the no. of protons responsnble for (b) signal is greater than (a)
50 Iy > Xy
' Q. 28. How will you verify that a particular signal in NMR spectrum arises from
- —OH, —NH or —SH groups ?

Ans. The electronegativity pattern is O > N > S. So proton attached to more
electronegative atom will suffer from deshielding more which will result into downfield
shift so higher value of chemical shift. Hence & for H of ~OH group > & for H of —NH
group > & for H of — SH group. ‘)

Q. 29. The THNMR spectrum of C,;H,Br consists of a slngle line. What could be its
structure ? . (May 2011)

CH,
|
Ans, Its structure may be CH, -(I:-—Br .
: CH; .
. ¥ .
Because all the (9H) nine protons are equjvalent:

[

e e e L ey

| Bt i W ittt W ) e g g

i
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Q. 30. Match each absorption band ‘with !he follomng gmups

Functional goup >C=0 -N-—'H T SO=HA v=CeEC-
W KL 3 @ \-..J;:( . i ‘s f v AL I
,veml' . (300 . .. 2050 1700, .. 3350
ARG HSIES =00 e innndaa.y 1017000 e b o e "-'(3}1'03/-2011)
: 2levy, Lwxsiglor o
l ey
AL & -N-H | w2 02 B350 5t ets Stdiieng et B ACLL
-O-H © 3400 SRR
-C=C- 2050

Q. 31. Arrange the following in increasing order of UV absorption maxima.

ri- .~ (Dcc '2011)

Aﬂ'/\/\/ /\/\ /\/\/\

4 vt v

) 'Q 32. Cause of chemical shift in NMR. (Dec. 2009)

Ans. Cause of chemical shift in NMR :

Chemical shift is caused by shielding and deshielding of protons When the protons
in a molecule are s}uelded net magnetic field experienced by protons is less than applied
magnetic field (HD) So more magnetic field is required to being these proton in resonance
with radio frequency. This shift in the magnetic field to higher side is called upfield shift.
Likewise presence of electronegative gp/atom in the molecule decreases the ¢ density
around the protons of the molecule. So protons get deshielded i.e. magnetic field
experienced by protons is more than H,. So less magnetic field is required to bring these
protons in resonance with radio frcqucncy This shift in the magnetic field towards lower
side is called down field shift. |

Q. 33. What is the difference between'allowed and foﬂ:idden transition 7" '

(May 2012)

Ans, Forbidden transitions are the transitions which are not allowed according to

 selection rule but still takes placee g.7 »a*,0-7*. Thesignal for the forbidden transitions

are very weak and not intense in the spectrum whereas for an allowed transitions, e.g. &
- %, 1t - 7* etc. The signals are sharp and intense in the UV - vis spectrum.

Q. 34. What is the range of peak identification region in IR spectrum ?(May 2012)

Ans, The peak identification region in IR wavelength range is 0.8 - 200u. It is further
divided into three regions :

:
]
?
:
i
r
I
;
}
!
E
|
f
'.
!
|
L
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Near IR region =0.8-2.5u
" TRregion =25-15x

- - Far IR:region_ = 15 - 200u. o outts Lorsnl?
Q. 35. Sharp peaks are seldom observed in UV spectrum. Explain. mfay 2012)

Ans. Because in UV, - vis range, the electronic transitions take placei.c. every electronic
change is accompanied by vibrational and rotational change as well. This is so because in

a‘molecule every clectronic band consists of vibrational levels and each vibrational level
consists of rotational levels.

Q. 36. Give the possible electronic excitations for: {=-A- (May 2012)
(i) CH,CH=CH, (i), CH,CHO SRS
Ans, (l) mz-CH=CH2 (ﬂ) o-»o*
Criiten EER IR I () F £ F o ‘ : neYs s
7
_(".) CI'I:.;-C‘H
(@)o—-o* (cn—=o* :
O~z @n=ot g g B
Q.37. How 'H NMR can be used to distinguish p-Cl-13C5H4CH3 from C,H;C,Hg ?
P e ., ,May2012)
Ans.” © Two signals will be observed. There are two sets of protons.
24w '.S b Peol2T 2iine $1oe2LAS aa w8 (120 170 O : -ile v S
ORI R AL 2t o s o AT seselrprst
: CH; CH;
In case of; O . 1yithreé signals will be observed:
AN e C.
Ll 7 . |
LT ML rie - <TP2REN Sabiids
.Therearethreeddfcrentsetsofprotons e I vy MY
a(ZH) ' 1 ge L 2 ';' Sl > wslioabd'e
b(BH) z ' o Yl 7' e P : P
\ C(5H) TRA vogled
Hencep . ICI'I3C6H4CI'I3 CanbE dlshngulshed from c|2H5C6HS y
.#
LN o imen yede oo
Cc-66
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Q. 38.Hydrogen chloride can undergo stretching vibration only, while carbon
- dioxide can undergo stretching and bending vibrations. Explain. (Dec. 2011)
Ans. HCI can undergo stretching vibration only because it is a diatomic molecule
whereas CO, is a polyatomic moleculetso it will undergo both stretching and bending
vibrations. :
Q. 39. Discuss the principle of UV/Visible spectroscopy. (Dec. 2011)

.- Ans. Principle of UV/visible spectroscopy : when an electromagnetic radiation in
UV-region (100-400 nm) or visible region (400-750 nm) is made to pass through a compound
» having multiple bonds in its structure, it is observed that a part of incident radiation is
absorbed. This results into transition of valence electrons. As o electrons are held tightly

- and very high energy is required for the excitation of o electrons, so it is outside the range
of usual spectrophotometer. : SRR I THRRTT 15 Eemiggiss )

RSBV RO S

R

v

TR R

Q. 1. Explain a UV-vis double beam spectrophotometer. T

SAMPLE P,
CELL PHOTO CELL

—{__+—©O
NS

Mo —O—f N [TEE
——{ ]

CELL
SOURCE DISPOSING SUT |
OF UNIT
REFERENCE
LIGHT I REAN PEN A

L

MOTOR ELECTRONIKC
AMPLIFIER

Fig. Double Beam Spectrophotometer

The incident radiation is dispersed with help of rotating prism. Different wavelengths
of the light are separated by prism and then selected by slits such that rotation of prism
cause series of continuously increasing wavelengths to pass through the slits. The selected
beam is monochromatic which is divided into two beams of equal intensity.

One beam of monochromatic light is passed through sample cell having sample
dissolved in a suitable solvent and other beam is passed through the reference cell having
only solvent (same as in which sample is dissolved). Each absorbance/transmittance
measurement on the sample is accompanied by a simultaneous measurement on the pure
solvent. The intensity of the respective tamsmitted beams are then compared over the
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the absorption of solvent in reference beam from the absortion of the sample). Hence the
offects due to absorption of light by the solvent are minimised. In this way, the absorbance
or transmittance characteristic of the compound alone can be measured. The signal for
the intensity of absorbance versus corresponding wavelength is automatically recorded
on the graph. The spectrum is usually plotted as A (absorbance) against 1 (wavelength).
When light actually passes through sample, it absorbs light and intensity of light is lowered.
The photocells P, and P, will receive a weak beam from sample cell and‘an intense beam
from reference cell respectively. This results into generation of alternating-currént which

whole wavelength range‘of instrument: (The spgctrophotor‘netei‘ electronically substracts

flows from photoelectric cells to‘amplifier. The amplifier-is connected to a servomotor |
which in turn-is connected to Pen-recorder: Thus:it records the-absorption bands |

automatically. :
Q. 2. Explain absorption and Intensity shifts. (May 2007, Dec. 2006)
Ans. Absorption and Intensity Shifts :
(a) Bathochromic Effect/Red Shift : It is the effect by virtue of which the absorption

maximuift is shifted towards longer wavelengti diié to presence of anauxochrome or by .

change of solvent. This shift is called Red Shift." - A
Factors Causing Bathochronic Effect A
(f) Presence of auxochrome : - : - 0
Benzene shows A, at 255 nm whereas aniline shows absorption at 280 nm.

NH, -

o] Yoo BN
: )
| e e
Benzene 77 Aniline '
lmx=255nm Anax = 280 nm
g =230 €.y = 1430

Fig. showing effect of auxochrome (—-I.\.] H,) on chromophore (@)

:I_l G
|

Benzene-is a chromophore ,whereals N H,'group is.an auxochrome; which whené
gets attached to benzene, it forms am]ine i.e. anew ch:omophor; where .r.l electmns on i\lr
of —N H, groﬁp T;viu-ér;ter into conjugétion with tﬁe chmmofophoré‘a'r\d hence e;ttendfé
ﬂ\e_mhjt;gaﬁoh with relectfons of benzene. Tiis results into increase in alla.so'réﬁori maximal
(A,)- This is so because extended conjugation reduces energy difference between the

ground state and the excited states. This results into shift of absorption to longer
wavelength with simultaneous increase in intensity of the absorption band.

c-68
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Effect of Addition of Auxochrome to Chromophore can 'be summanzed as s

rChromophore ' "+  Apxochrome 4
(withme) -~ © "Thaving n electrgrre) —-) New Chromophore
= (orwrthnanaﬂe) ' " . R = AL,
A Of chromophore CRPIGIEIL R > .
' (a1 AT 1/ T »: i

’ (1i) Nature Of solvent et LY g O s ‘r‘-‘r".f". otk Lol L1 RS -7
% — &* transitions . _ allg Srrnass il agrh
If we consider the & electrons of the carbonyl group, the ground state is less polar
and excited state is more polar. So, more drpole—dxpole mteractrons of the. sample with
solvent will take place in the excrted state and hence it wrll lead to decrease in energy of
the excrted state i.e. ", '

So less energy is reqmred for the T2 rr transrtmns ‘and hence hrgher 2. y&lue is

1N ' l J‘_\ 3t fl r _!4:__‘ TR

ty -

T oA SR AT R 7 45 P LI W

el

absorbed AT

“'If the polanl'y of the solvent is increased, it wrll lead to decreasr': lu{ energy of n
molecular orbital and hence will raise the Aprax Value.

Conclusion, With the increase in polarity of the solvent, the Tt — 11:‘ of the carbonyl
group will show hrgher valueof A, and n = n* transmon will show absorptmn at lower
valieof A, .

* (if) Extention in conjugation’ etk

In an alkene the most probable transition occurs from m:-—:n* at170-190 nm. '

] e :" (A% ¢

. Inthe case of conjugated diene there are two = bonds as shown. . . .ii.e10i
CZH.2 C?E-I2 CH2 CH—CH = CHz. 31 5V Grimele) o4f Rirts siitel e
Ethene Butadiene. oo ‘
(an alkene) (conjugated diéne) >

In case of butadiene as thete'are two m bonds, the m orbitalsaf separate alkene groups
combine to form new orb%k,zfe two molecular orbitals anMe‘ré 14;1'.'.“1: + mand
%, = n—7) and two antrbon molecular orbitals 7, and m,* (where ny* =7*'+ nt* and
n* = n* - n*). Thus, the en rgy Wifference between HOMO and UMO decreases, How?

N\ / ,, = L S ()

T % > —

> /

b o S ' N e
5 ; : n v, & rf R
EJ/' T / \ : g e e Nnweswipeoainm g
E’, : K : 1 x ; P . [ >2. A

. R \ | N T N L
i PEO\ERT ST it N o
- "\._o phes .
ALKENE L CONJUGATED DIENE * &
B CwC ) ) CeC—C=C =
n—n* K:—OI'I’

Flg. -rming the effect of con]ugltlon on the electronic transition In conjugeted diene '

-t = 0
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As butadiene has four 1 electrons, these four & electrons will occupy the ground
state i.e. %y and 7. On absorption of energy the excitation of « electrons will take place
from HOMO to LUMO. HOMO is, T, as Energy of rt2 is more thatof m;. LUMO is ny°
because out of tw:: ‘inoccupied molecular. ofbitals m,* is of lower energy hence it will be
lowest unoccupled molecular orbital”Hence HOMO to LUMO transition. results into

T, = Ty my*dransition: ¢
Thus, energy difference between HOMO and LUMO (n, — m;) decreascs as compare
to that in case of alkene, where energy difference between &t and =* is more. Because

HOMO and LUMO for ethene are mand 7* re5pect1ve1y As it is clear from the figure that
AE for HOMO to LUMO transition for eth:{ene is more than for butadiene.

xe why absorphon bond for’ butad:ene appears at 217 nm_while fOl‘ ethene at
170-190 nm.

As the extent of con]ugahon increases, the energy difference between HOMO
and LUMO decreases and absorption wave]ength increases, So it can be m}erpmted
that the wavelength of absorption increases with mcrease m con] ugatmn

(b) Hypsochromic Effect or Shift/Blue Shift G o v

It is the effect by virtue of which the absorphon maxima is shifted. towards the
shorterwavel ength This is called Blue shift. Removal of conjugation or changes in polarity
of the solvent, are the two factors responsible for blue shift : o)

1. Removal of Conjugation

Butadiene shows absorption maxima at 270 nm but ethene shows at 180—190 nm.
This blue shift in ethene is because of removal of conjugation. '

CH,=CH, CH,=CH— CH= (:H2 ,
(Ethene Lol ; Butadlene A mebnfud Lo enl
}Polanly of.Solven! W Y idin sa il g -HYPERCHRDMIC'T"\- Sk
Haniline: ; .., ;' - bus »elnel ot o EPTECT »
L e et . ¥y £ix )y » ? .
NHz
- .- - HYPSC;CHROMIC ‘BATHOCHROMIC
ANILINE- (= 280nm) | I e et

is taken in acidic solvent, thé lone™ J!: e
pair of electron present on N will
not show conjugation with p-bond /~ HYPOCHROMIC "\
system of benzene ring. Hence a ~ EFFECT
blue shift is caused which will lead Ter e
the absorption - to - lower ‘ >
wavelength. (Blue Shift), .. . .. . ).3_‘5-' e

Fig. Showlng Absorptlon and Inhmlty Shlfh
C-70
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The n electrons on N in aniline, if taken in acidic solvent will form e:bon,d with H*

from solvent and will form CsHSI?IHa'ﬂ,gd hence no longer available for extension of
; conjugation. . ] T - o et -
. 3. Hyperchromic Effect or Shift:Itis the effect by virtue of which intensity of the
absorption maximum increases. Introduction of an auxochrome increases the value of
the intensity of the wavelength absorbed.
4. Hypochromuc Effect or Shift: It is the effect by virtue of which the intensity of
the absorption maxima decreases This effect or shift is called Hypochromic effect or
shift. The introduction of the group which distort the geometry of the molecule course
hypochromic effect. For example €. /intensity for biphenyl and 2-methylibiphenyl is
19000 and 10250 respectively. The subshtuuon of methyl group in biphenyl cause
hypochromic shift due to distortion caused by it.

Q. 3. On the basis of IR spectroscopy, how can you d:stmgmsh among 1-hexyne,
1-hexene and hexane.

Ans. The vibrational frequency is given by :

: "‘1 (K0 e
A ¢ (ot
rrite LA J L
K = Force constant
i = reduced mass
"Value-of force constant mcreases with the strength of bond :.e Smgle, double and

tnple bond Stronger the'bond more :.s the value of force constant

From thefom'uﬂa ." sy - Y Gk St gty

- . V ec JE e LT arYE sl

Therefore the vibrational frequency will be maximum for triple bond and minimum
forsingle bond. -

Hence the order of vibrational frequency will be SO HRECIPCT VLR WS

NP

S .-.::vh >Vhexene> V] e

.
o

i "'Q 4 Ex-plam ‘intensities-and lmemdths in'the: spectra ' A (May 2010)

Ans. Widths and)Intensities of the Spectral Lines : In the ‘spectras, the spectral
lines or different signals are riot sharp but these have some finite width. In any molecular
spectroscopy, the tw;{ impbrtant featiires of spectral lines are : (/) How sharp/broad are
the lines i.e. line width. (i) How strong is the line i.e. intensity of line.

|c-71
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. ., 1673x107% Kg’)‘x(é x10% Kg)
B = 1673%107 Kg £5.895x 102 Kg

£33 1 3¢ /

R ‘.:—-|1‘l|.|6.2.7_x 10-7Kf |,

tofeas O U e '.v*:

' 1 K balt 2'- 2 ' -i"' '.- .'." i ]
tnemeil nor vgisin 2ohile: }ul* VisSe 2,: "I;= ven xu=1<-’- 10 o wng T au¥t
okl vy "‘a A E. e '
"4::(8 7x1013sec“1)2x314 x11 627x 10‘27kg
=483.1 Kg sec?

Q.6. How can one establish whethér a carbonyl group is part of aldehyde, ester or
ketone,’ by usmg IR spectroscopy

TiY RO AT IR VIS T V'l Ll Sl TT U .'.-f.:l'.l‘.f-"ii
. e am T . = O e 1T TRL T [T
w1 b ” YT || . “ ! RN LR
. Ans.CH;—C—H = CH;—C—O0CH, —C—CH;
AldehYde : ‘ Ester Ke!one

i i . 1 b A, '.
109y = ' ]

«i1112 Intaldehyde one methyl group atttached to carbonyl group has +I effect, whereas +1
effect is more in ketone than aldehyde as-in ketone:two methyl grouips-are attached to
carbony] group. Due to electron releasing inductive effect of methyl group, the value.of K
decreases hence y at which carbonyl group will show absorption will be less in ketone as
compare to aldehyde.

.. ..Butin case of estef, -OCH (—I effect) group is attached to carbonyl group on one
side and —CH, (+] effect) group is attached on the other'side. Hence the valueof: 5 v at
which carbonyl group will show absorption will be least. zenilienad o3

Jdr te Lt e 15T A Wester - §aldehyd£ >‘;kelune (RN, P1Y
Q. 7.’Explain different electronic transitions possible in sample molecules.
(May 2010, Dec. 2008, May 2008)
Ans 1. o—o*

) It 15 a fugh energy process, smce c bonds are very strong. The orgamc compound in
'wluch all lhe valence shell electrons are o electrons do_not show absorption in the
normal U.V. reglon i e. 180-400 nm . g of c. --) o is methane ie.a saturated hydrocarbon

This transition require lugh energy i.e. short wavelength The usual spectroscopic
techmque cannot be used below 200 nm since oxygen present in air begins to absorb

strongly in this region. To study such a transition the entire path length must be evacuated.
The region below 200 nm is called vacuum U.V. region. This region is less informative.

C-17
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This type of transition takes place in saturated hydrocarbons having one hetero
atom with lone pair of electrons e.g. halides, alcohols, ethers, amines etc.

2% — o+ transitions require less energy than ¢ — o* transitions but majority of
compounds in this class show no absorption in the near U.V. region.

Effect of the size of Halogen Atom : In saturated alkyl halides energy requirement
for 1 — o* transition decrease with increase in size of the halogen atom because it leads

to decrease in'electronegativity. - "

Fie

CH;— Cl: - CHy —1*
) VALUE FOR n—» o* = 172—175nm - -~ AFOR n—> o* =258 nm

rem A iAW e H'!ﬂ—u:“..:. e i

Dise to more electronegativity of Cl than I n electrons of Cl are difficult and, excite
hence more energy or shorter wavelength is required.

Similarly amines absorb at higher wavelength as compare o alcohol.

Effect of H bonding : Alcohols and amines:can show H-bonding with the solvent
molecules. This takes place due to presence of lone pair of electrons gh'hgte'réeitoﬁls. Asn
electrons of the sample molecule are involved in hydrogen bonding, more energy is
required for their transistion to higher energy molecular orbital. Hence H-bonding shifts

.the ultra-violet absorptions to shorter wavelength. wogpisd o h ;

PR e =

P S

3.7 <5 fo* transistions .

" Unsaturated molecules show this type of transition. For example alkene, alkyne,
carbonyl compounds, aromatics etc. This trap_sitﬁi_on{requirgg. still less energy as compared
“to 1%'G* transition and herice-absorption-of longer wavelength takes place. Absorption
occur within the range of ultraviolet spectrophotometer....7 S ;

4. n — 7* transitions ! NI AR SRR DY 171 ot SRR

| w

An electron of unshared electron pair on the hetero atom get excited to n* orbital.
This type of transition require least amount of energy and hence absorption of highest
value of A takes place. Examples of the molecules showing n — #* transitions are carbonyls
ie. Aldehydes, Ketones, Carboxylic acids, Esters etc. o
Saturated aldehydes show both n — 7* and 7 — =* transitions a}l a-‘i-mifnd 290 nm and
180 i tespectively. Absorption occuring at smaller wavelength'is’ usually intense.
Extinction coefficient of 11 — 7* is quiite low as compare to T = n*. In addition to these two,
1 — o* transition also takes place in case of carbonyl compounds. '
It can be summed up as that in carbonyl compounds two types of transition [(1) and
‘(i take place. - ' et 0 i
4 15) HighEnefgy Transitions, which inclade 53 6*dnd 1= 1% fransitions. The

.“.’:{\-‘t:i:;\' a2l =1 ‘.’; (‘ ), Ml e LI

‘Sipgnial for both the'tFansitions aré interise. ~ "'

J S5 Y SN - L T ALl

-

LT P S

Ay A Lt
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(ii) Low Energy Transitions. n — x* transition requires less energy and signal is a

weak bond.
Q. 8. (a) How size of halogen atom and H-bonding effects n — ¢* transitions.”

(b) Benzene shows absorption\qtaﬁss nm while aniline shows absorption at
280 nm. Why ? - b (g )

Ans. (a) n—c* transition : This type of transition takes place in saturated hydrocarbons
hai;ir_:g one he;gro atom with lone pair of.electrons e.g- halides,-alcohols, ethers; amines
etc. . 'y e i A . S e
11 — G* transitions require less energy than ¢ — g* transitions but majority -of
compounds in this class show no absorption in the near U.V. region. - f

" Effect of the size of Halogen Atom : In saturated alkyl halides energy requirement
forn — o* transition decrease with increase in size of the halogen atom because it leads
to decrease in electronegativity. : :

CH,—Cit ‘ CHy — 1%
~ AVALUE FOR n— o* ="172—175nm t! A\FORn—>c* =258 M "~

Due to more electronegativity of Cl than I n electrons of Cl are difficult and excite
hence more energy or shorter wavelength is required. - '

Similarly amines absorb at higher wavelength as compare to alcohol.”

Effect of H bonding : Alcohols and amines can show H-bonding with the solvent
molecules. This takes place due to presence of lone pair of electrons on heteroatoms. As it
electrons of the sample molecule are involved in hydrogen bonding, more energy is
required for their transistion to higher energy molecular orbital. Hence H-bonding shifts

the ultra-violet absorptions to shorter wavelength. s 'iag
(b) benzene shows A_,, at 255 nm whereas aniline shows absorption at 280 nm. ..

NH,
_. Benzene . Aniline
Cm T Aae = 255nm Ay =280NmM ~
| Emax = 230 | €y = 1430
H'g-"h‘?ﬁl_“a‘é.?f écﬁf iuxochrﬁme (—I.\.I H,) on chromophore

C-79 |
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Bcnzcnc is a chromophore {‘vhereas —N H, group is an auxochrome, which when
gets attachied to benzene, it forms aniline i.e..a new chromophore where n electrons on N
TR L AT - . . r..‘:'-»--n.- -~ b -t - v

: b adbinnn abidw our B3 A il gLt aaile snaaned ¢
of —N H, group will enitef intd conjugation with the chromotophore and hence extends

the conjugation with rt electrons of benzene. This results into increase in absorption maxima * *
(Amax)- This is so because extended conjugation reduces energy difference between the
ground state and the excited states. This results into shift of absorption to longer
wavelength with simultaneous increase in intensity of the absorption band.
Q. 9. Butadiene (CH,= CH—CH = CH,) shows absorption at higher wavelength
lhan"elh'ene.(CI-Iz:CHz). Why ? ‘ waoWto SRS M B
- ‘Ans. Normally the absorption of U.V. visible light results in excitation from ground
state to hnght::r energy state. The higher energy states are called high energy moleciilar
qrbxtal or antibonding molecular orbital. The highly probable transition on the absorption
of quantized energy is from HOMO (highest occupied molecular orbital) to LUMO (lowest
unoccupied molecular orbital). , .
- . ” 1 " . 1% MILTIY L v U s - -
In an alkene the most probable transition occurs from rt — n* at 170-190 nm.
* In the case of conjugated diene there are two 1t bonds as shown. -l

. I
L350

«y CHy=CH,. ... .. . (CH=CH—CH=CH, .. .. .. |,
Ethene TR Butadiene . et 4572 AT sal. milon
(an alkene) (conjugated diene)

In case of butadtene as/ there are two wbonds, the i orbitals of separate alkene groups
combine to form new or 'It‘els i.e. two molecular orbitals 1% anih&_(where T, =n+mand’
T, = t—mn) and two ?hbondi\ng molecular orbitals n;" and r,* Q«'rﬁ‘e{e 7% =1 +7* and
my* = nt* — 1*). Thus, the energy difference between HOMO and LUMO decreases. How ?-

- o o
- xe N 7 2.
y ~3
T / E’J- / i
o = n 4 1
& g g L/
w 1 ST ] e BT =
& ® s 7 \* .
w x : :
py g . fi .\\..,.. = /r !
e / 155 ~ - - TE . / “1 !
| B / l
R . / ] !
A{KENE ki 'CONJUGATED DIENE:
C=C / €=C—=C=C
n—sn* . Ty — 73

F &~ o,

Vo
Fig. Showing the effect of conjugation on the slectronic transition In conjugated diene
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As butadiene has four 7 electrons, these four w electrons will gccupy the ground
\rﬁiq of energy the excitation of 7 electréns will take place

state i.c. my:and T,. On abso i : place
from: HOMOto LUMO. HOMQ is.1,:as Energy of n, is more tha}t}f n;. LUMO is nt3°

N . . . . 4 . .
because out of two unoccupied \xhblec_gla‘{' orbitals ,* is. of lower energy hence it will be

_ lowest unoccupied mo\lgcul_q{; _Qr_bjt_‘al.fjjlence,-HOMO EFO;LUMQ{transitio_n results into
T, = na"u'ansition. - Y R R TR TSR AT
Thus, energy difference between HOMO and LUMO (r, - 71,*) decreases as compare
to that in case of alkene, where energy difference between ©t and ©* is more. Because
HOMO and LUMO for ethene are 7 and 7* respectively. As it is clear from the figure that
AEforHOMO toLUMOt‘;rjansmqn for ethene is more thanforbutadlene R
" i why absorption bond fof butadiene appears.at 217 nm while for thene &t
170-190 nol. . | | siBtlitqty R P PTIR Ko B B A A LE 8-t il sollaol Adl N
As the extent of conjugation increases, the energy difference between HOMO and
LUMO decreases and absorption wavelength increases. So it can be interpreted that
the wavelength of absorption increases with increase in conjugation. ..
Q. 10. How éblhrity of solvent effects different electronic transitions ?
Ans. Let us consider few transitions of the carbonyl group and see the effect of
changing the polarity of ﬂ"le solvent on the absorption maxima (A ax) Value. -

(D n = &* transitions, .y .. - e qen b 0 seeguned BrenE oo

_In the carbonyl compounds, if we consider n electrons, the ground-.state is anore
polar as compare to excited state. The hydrogen bonding with the solvent molecules takes
place:to less extent with the.carbonyl group in the excited state and more in the ground
state. Hence if polarity of the solvent is increased, the H-bonding ‘shown by carbonyl in
ground state increases. So more energy is required for 1 — m* transition and hence the
absorption moves to shorter wavelengthi.c. blue shift or Hypsochfo!nuc effect (as explained
in the next topic). <o ¥ i)

For example A_,, of acetone is 279 nm in hexane but 264 nm in water.

(if) = = ©* transitions 5

If we consider the = electrons of the carbonyl group, the Qrﬁund state is less polar
and excited state is more polar. So, more dipole-dipole interactions of the sample with
solvent will take place in‘gl}e excited state'and hence it will lead to decrease in energy of
the excited state i.e. 7", ' | s

So less energy is'required for the 7= n* transitions.and hence higher A value is
absorbed. ' ' ! -

If the polarity of the solvent is increased, it will Jead 'to deciease in energy of n*

)
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molecular orbital and hence will raise the A value.

Conclusion. With the increase in polarity of the solvent, the © — n* of the carbonyl
group will show higher value of A,m andn—n* transmon will show absorptnon atlower

value ofd - <-* . Y
Q.1L Exp]am the apphcahons of UV-V:s:Ble spectroscopy in expldining.
(a) Extent of Conjugation ' (Dec. 2008)

s~ ¥ "t
7S Wil B S R ey F I R T T Y P
ICAROE L i 3 1eoe! "t

‘(b) Keto-enol Tautomerism
(c) Isobestic points.

Ans. (a) Extent of Conjugahun A . valuei mcreases wnth mcréase o'f con]ugahon _
It is found that the absorption occurs at 420 nm if e ght double bonds are present in a

conjugated system. Such as alkene will appear coloitred 'to hiiiman eye. -
The following isomers can be easily distinguish :

s . i T O (
FE s S ’ﬁ s | CH,=C—CH —Q;CH
' /‘/C=CH_'C'_CH3 ¢ e Z—I T2 - 3
@ (b)
Flg. Showing conjugated (a) and non-conjugated (b) dienes.” - s
“n— n* transitions for (a) will appear at longer wavelength as compared to n— n*
transitions-for (b) because of conjugation presentin(g). . > oo ;
- ~.-Abathochromic and hyperchromic shift can be'seen while comparing the spectrum
of con]ugated trienes and conjugated dienes. ;~ ~f ‘o i b s aine g ek
+ ALKENE OR il TIRIN 02 Baebd i wTt Liiinas
| UNCONJUGATED ALKENE :
| Co
CONJUGATED /%
g "DIERE \J J/
2 4 kY b
? \ )
l - LR A wiole = arl shterion '
14 1 3 517)° %% - , t
z-m - 2'w . &% . - agw . » 240 = 350 '

—_— J\,mﬂn'ffml N
r - Fig., Absorption In conjugated’and uriconjugated systems
 (b) Keto-enol Tautomerism : If a molecule exist in two tautomeric forms, preference
of one over the other can be detected by U.V. spectroscopy...,. ,,

oy -iod",.-
sy
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2-Hydroxy pyridine —— 2-pyridone- Ty

Q=L

Flg. Showing taulomers T Lo
The spectra of these two compounds were found to favour 2-pyndone w}uch ise -

unsaturated ketone.and equilibrium is shifted to right. ¢ .
(¢) Isobestic points : UV-Vis '
spectroscopy is very useful technique in P
£1 s A : B
establishing the identity of the new and NEW OR /" "
unknown compounds. The spectrum of | UNKNOWN—> ' '..

new compound can be compared with COMPOUND. 75

spcclrum of the known compounds. This
is called finger printing.

COMPOUND %
(STANDARD) %

£ —eep

WAVELEN GTH

“180 Ty

Flg Showlng Isobosllc PoInts 5 *velf

.
" e 1 o . » "

The points A, B and C marked in the figire above' where [h'é'lm valiie is same for
the two compounds are called Isobestic Points.
Q. 12. Explain Basic Principle of IR spectroscopy. (May 2012, 2009)
Ans. Absorption in IR region is because of change in vibrational and rotational levels
because a single change in vibrational energy is accompanied by large no. of rotational
energy changes. So, absorption of IR radiation brings predominant changes in the
vibrational energy. Atoms in the molecule are not held rigidly. It can be visualized as
balls tied with springs where balls are atoms and springs are bonds. To explain vibrations
in molecules let us take example of AX, types of groups. When IR light passes through
the sample, molecule shows two types of vibrations : ‘
/ :
[

S A0F

Cc-83
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a6

s i S L N
I. Stretching Lanin
II. Bending )
]
BOND
" AXIS
L] - 1 ,’?l
- SYMMETRIC - - ; B : 5
‘ STRETCHING \ S0 smsrcume L coe ol

i Flc Showing Strelching vlbmlontl in pnm‘lonlc mohculo
L. Stretching - o
When Distance between two atoms is increasing or decreasmg but atoms mma.in m
same bond axis i.e. no change in the bond angle.
Stretching vibrahon is of two ty'pes -
(a) Symme tric. Movement of dtoms w.r.t, particular atom is'in the same direction.
(b) Asymmetric. One atorn approaches the central atom while the other departs from |

TPt iq reLntt Loty

it.

II. Bending
Position of atoms changes w.r.t. original bond axis i.e. bond angle changes but
internuclear distance does not change. There are four types of bending vibrations.

(a) Sctssnnng When two atoms approach eachother., . .. . .

L0he A T

e | ’{',‘._., Lt '-'-_;-: ¥ 'i-‘ - bymeps ¢
- ~lqiann B syt Lt o |
At e ] - - )
SCISSORING B
! (10080 HTLRIMEANT 4 2% ’ d v & (P 2
S 11 LRI s I LB B AL o] /3 IFig.; Showing Sclesoring .0~ nitf s i
Weel =~y s ~anivg e bog ol
(b). Rockmg When"the atoms;smii'nesame du-ectx n. ¢ ~anigs diie bogall J
U AR S T B R U R R R M S
' . q N ‘ | .
ROCKING
pot
F'ﬂ-;'ﬂbcklng
c-84
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" (c)'Wagging, When two atoms move above or below the planeé w.r't. Gentral atofn,
. o 1 - ; " it s T - e

] |

i ’ \,#-(_ - = 7 i : L
G TTIEY, s i = ’ .
“ ¥ WB) .‘- Al ] < Lrsis] 2e g Sar .
LT e o IDta e 2t dniud Gace -l 1
- 113 < l.'i.fll'.' b T e 2T CWAGGING 0ot e reivemati-s T lonu-ote ()
' | Fig. Wagging e R i ‘-r_l e v

(d) Msﬁﬁ'g. One of the atom move up and other moves below the plane w.r.t.
central atom. pe Do b o J=-ii.

=, -] (Tes (g
E 8 n S R R LR oL P I 11y 1% R <) KK EM
= - o . SER VI PTOR ) (IR It o
4 'y T e TH trenmraey SvE Soqatean st
WIBTING  neittanirdsra 5 an e .
AT FIG. Twisting ' faTiem e s 3o Sz 4

- . ; LG Chao A
[positive sign (+) represents motion from the page towards the réagi:zr and negative
sign (-) represents motion away from the reader] - i "’ !
Examples of AX, groups are —CH,, —NO, —NHjetc! - - 1 -’ = =0T e
These vibrations are called Fundamental vibrations. Sometimes overtones also
appears in additioh fundamental transitions or fundamental vibratipns " Béats are also
observed sometimes which arise due to combination or difference frequencies. These are
explained later in the chapter. For a particular bond, stretching vibration appears at higher
frequency as compared to bending vibration hence, in the IR spectrum absorption band

appearing for stretching vibration is at higher frequency as compare to band appearing
for bending vibration, ) -
Q.. Explain application of IR spectroscopy in: | s
(0) Inter and Intra molecular H-bd&l@iﬂg. : _
i (ii) Keto-enol Tautomerism. ., ..., ., . ., | F1 GELUGIIaD ineg
{~,1({if) Detection of Conjugation., © ' (Dec’2010)
e Ans. (i) Inter and Intra molecular H-bonding. Infrared technique is used to

distinguish between two types of H-bonds i.e. intermolecular and intra moléciilar H-
bond. H-bond result into (i) shift of o' for the O—H bond, towards lower value. (il
F Intermolecular H-Bond results into forfhation of a broad band at lower v value and

intramolecular H-Bond results into a sharp band at lower 9 value than the 7 value at

which non-hydrogen bonded O—H group (free - OH group) will show its signal. =
Dilution reduces the intermolecular H-bond but has fio effect on Intramolécular H-

bond, so if the sample is analysed after the dilution and'if it shois diminishing of the

C-85
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band, (that was at lower v value and was expected due to H
band at lower v value was because of mtermolecular H—bond. But if after dilution,
sample does not show any effect on the band appearing at low p value, it results that
band is because of intra molecular H—bond This is so because dilution reduces inter-

molecular H-bond but it has no effect on intramolecular H-bond.
(ii) Keto-enol Tautomerism : Keto-enol tautomers can be distinguished from each

other by other by using IR- Spectroscopy 8.

-bonding), it results that

T OH
CH;—C—CH, = CH;—C —CH,
(keto) () . (enol) )

(a) form is keto form, it is different from enol form (b) by the f1ct that >C = O group
is. present but in case of enol, >C = O group is absent by instead, -OH group and

>C= C< groups are present. Hence the two forms can be dis tinguished from each other.
(iii) Detection of Conjugation. It is a very useful technique in detection of
conjugation. For example molecular formular of a sample molecule is CgHgO. Its structural

formulae canbe: - B .
swerraBer brie . 0 1 9rls eluwol NG rsT :T::!‘-.~'l' e .O'.-' ' @
H3C ¢ cu- =CH—CH;. ,.2.0r CH3—C—CI-12 -CH—CHZ
@ hrp 3! ®
But if the structural formulae is (a), there wdl be effect of conjugation as :-
(o | 0" ot W 1
CHs—-C—CH CH—CHj «—>. CI-I3-—C CH—CH—CH:, et T vttt
Conjugahon will result into decrease in value of Ki.e. bond constant/ force constant _
: between C and O. It will result into decrease in value of 3 for C = O is less than expected
it means the sample molecule CsHgO has structural formula (a), Otherwise ().

i R e S S S A TS

ik IR IT ;;g VL 1) b e LA \

Q. 14. Using IR spectroscopy, how will you determine whether the oxygcn in an ]
organic compound is present as a carbonyl or hydroxyl group. o 3
13 . '“Tq_’-“" S LI MayQOD?, Dec.: 2006) 1
LUbade o oagpianae! beteaal Smidacoa Yaztea-dore gl b uta” g
ot 'Ms-,i:d?ﬂ -e':“"dj!_"c-c? ”" _-'<'—"‘ I RA X 'I-OH k= 2T By v s W 1 & l- . i * 1 jele
e Ca:bonyl 5 “}I-%ydroxy] . . z

The value of K for carbonyl > for -OH. Hence v for7 C =0 is more than —OH sal 3

Q. 15. Describe briefly the theory of NMR. What information can be obuined [
from NMR absorptlon pealw I > ' .'

Ans.Ifa proton is placed ina, magnehc field then Jt starts precessing (at a certain *

ta . mohn

frequency), [Frequenc:s of nuc]exat the fields normally applied, lie in radio frequency.:
css] t
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regmn of the electromagnehc spectrum So, NMR is a radio frequency techmque c.g at
12T, protons show frequency about 500 MHz (radio frequency)]

. Itis capable of, takmg up one of the two orientation w.r.t. axis of external magnchc
ﬁeld Cat L A T « 3o Lieid oot SO ST R T

(i) alignment with the field and (i) ahgnment agalnst the field: 1 o]

(i) means magnetic field of proton aligns with apphed magnetic.

(iv) means magnetic field of proton aligns against the applied magnetic field.

The first state is of lower energy and second state is of higher energy.

If the proton is in lower state, it can pass to the higher state by absorbing energy,
from the source of radiowaves (3 x 105 — 3 x 1010 Hz).

From the higher energy state, the proton can come down to lower energy state by
| releasing energy. The transition from one energy state to other is called 1 flipping ¢ of proton.

| This transition (from lower energy state to hngher energy state) can be brought
about by the absorption of arquantum of electromagnehc rachahon in“the’ radiowa\e

region with energy hy. TR R 1

! ' I Ty Jdast LY I Ao TP .L }raarl
} HIGH,EU.E;BG!}EVE.L-Q;T:Ez CVSSORTORD R é OPPOSED <
| AN ™7 (HIGH ENERGY)
AZ=E,Eq . & ren el | Lo g
=hv . Vg ¢ ) . ; NN - ! -l | .r- \:_. ‘o, .-,
LOW ENERGY LEVEL —Y——e E, ( ALIGNED | — . vy 5 oe
(LOW ENERGY) T T 1. Hy

Fig. Enlrny lwel of proton

The energy (AE) reqmred for the ﬂlppmg of proton depends on strength of external
. field. Stronger:the field 'g'reélér the tendency of proton to remain -aligned’ with it and
| higher-will be. frequency .Or energy of radiation required to flip the proton to higher
| energy. (The precessional‘frequency of the proton is directly proportional to strength of
external magnetic field)
. Nuclear spm is the characteristic of nucleus and is represented by spin, qunntum no.

of the nucleus i.e. 1. For a given magnehc nucleus, there are (21 + 1) orientations possible
in the presence of externally applied magnetic field, which are represented by I".

As nucleus behave as a magnet its magnetic moment p can be represented as

K= gnktnl’ .
. W =KI 1= = e e
where K =g.u, |
as - 8, = Lande splitting factor and

B, =nuclear magnetic factor

‘| c-87
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I’ can have (21 + 1), orientations or values because for a given value of I, I can have .
values'from T to <1 7.¢total 21+ 1 values. This means that keeping H, ¢ constant a nicleus
w:th a spm (I) has 21 + 1 energy levels in presence of external magnetic field.

" In the absence of the external magnetic field, all'these Oriéntations have same energy.

But when a magnehc field of strength H is applied, each onentahon corresponds to
dlfferentvalueofEnergy:E RO LR BT OIR S0 - 1 0 By 4
.-«.‘ f. 20 b \l 30 Firut'y redone ‘ y sl AT 1£0 T
) E =- H 5 -
bloft abtusrnnmg o fimrn ors ’l 1. TR RESE (¢ NI 2 )

wherepxs magnetic.! moment of. the nucleus T LRI TS T

ke ) :.:'n’ 140 ‘-lf'.n '-:'1 winle E‘rE-_gnun I’I_I Mo B a5 SR | 8 E R o A PR Jelade B i

{1 ) st i e QLDART 10 2 U0 arthy

e ———— e

150,12 .;.r- Fets "Iy 88 4, ;E -KI'H
" Whihi = WI-OhmmE Qand2+1=1 T T

!“ﬁ S BB |

'I'l'us mea.ns that nuclei mtlﬁ Ospm, show no splitting in magnetic field, means only
one energy level. Hence no fhppmg of spin is p0551ble. , heilirs®

3 SPIN .
Whenl= =, thenvaluesof I /- . A raE )
2 = ;_-;.' s:‘: 4. f_'::;h ('i-) EZ.%K% ~

u

1 3 3 1
=3/3'73" 2_(2I+1-2x2+

1 = 4) Orlentations => hencé for E R Tl Ty ¥
M Th! "_'3" sl Ho

ene-rgy levels of energies =3 ot i F_,zl_m,._ R ..im.;o

! P .H:'- o e 1 11 t¢ [ I A L T o I 5]
-lKH -l-l(f-l EKHJ IR e g FIg.Showlng lower and hfgharnmrgy levm oft!n
kel g~ ozt " " proton along withi‘corresponding 8pin of
i %y 3 ot ety B0 | nucluuundumrgyo!thotumlnpnunuolonml
e e magnetlc field H,
L, 2xl+1=2
Formeiaroton‘l Silisg dxfferent posmble onentahons forIare21+1 ie 2% +1=¢,
& sndnnito (ler 12) s g TR RLr
: '."" Lealdruaiamoan <. 1 : f .i':'. § 1350 . et S , W F2 10 "2
thesearel’--f-l--z-andl ST IO 252 3 ;
g 3 s
- 1 1.' =
Energy for stateI" = + E'E‘ A ,
TR T i lala i - T Tl S

-1 S S
-=—§. KHy . o 1 171 T LD LR

- 0..38
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and Energy forstate, I'=-7, Geitnsm
- ¢ 1 ; x : 1
. 1°. 7%
Helh r. . bl Ez 1 Emu ‘ Iy "
’ I. 5 AE =E,-E,

i " %
eTOMLY ) ot ";-‘-Or rd P

s ra sraler

‘“‘ b 't .' ol =iT “ ;Kiscqutant'é_ g,,u,,'__

Here v is precessional frequency of nucleus _ :
Q. 16. Explain instrumientation of NMR. s e il

Ans. A sample under investigation is taken in a glass tube placed behween two
magnets. A radio frequency radiation (60 MHz) is made to fall on the sample. It can be
done by feeding energy into coil wou.nd around the sample The spectropho tometer can

work in either two ways B0, 9
* (r) Keepmg magnetxc ﬁeld cdnstant ana' dlofrequency may be vaned graduaily

i

(n') Keeping radlofrequency constant and varying. the magnehc ﬁeld SThAwS
‘:,._‘ . I ; 1 ifis J /Al
Bt RADIO FREQUENCY . PLE

Al
SOURCE col ‘ S AT
PRI 2 SRAPO ATty 3 1 (5, PTRES:
Vipidcins e of MAGNET. | ols
- MAG.NEI- T Tvells B i
1 1.n i -1 ) HE_CORDEH =
:Jl.: fei =UTh (i1 L1 & ~r Y asoe s ' ' = WRT
L 'PAPER
RADIO FREQUENCY  SF ECTRUM
DETECTOR & :
1 AMPLIFIER 3
sior it s R Nuelenr Magnetic Resonence Spectiophotometer, ., ,

1e=89
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For practical purposes, radiofrequency source is held steady at a said frequency
(60 MHz) and field strength is varied (Two energy levels appear for the proton when it is
placed in external magnetic field H). |

As the field strength increases, the precessional frequency of each set of protons -
increases. Now the precessing proton will absorb energy from the radiofrequency source
only if the precessing frequency is same as frequency of radiofrequency beam i.e. when
quantum energy hv of electromagnetic radiation is equal to the energy difference
between two energy states at the field strength Hy when this occurs nucleus and
radiofrequency beam are said to be in resonance. Hence the technique is known as nuclear
magnetic resonance. (In simple words, condition of strong.effective coupling when the
frequencies of two oscillators are identical is called Resonance).

Absorption of energy results into signal. Such spectrum is called nuclear magnetic
resonance spectrum.

A precessional frequency of the other sets of protons is different from the frequency
of the radiofrequency source. Magnetic field is increased further and at resonance other
sets of protons also show signal at different values of Hy. Hence signals for other set of
protons are also obtained on the spectrum. .

Q. 17. Explain : (i) Shielding and. deshielding of protons (May 2008)

(/i) Chemical shift. ' '_ (Dec. 2007, N{ay 2007, ?gc. 2006)
" Ans. (i) Shielding and deshielding of protons : When the sample lr'nbleculi'z'.i_s' placed
in magnetic field, there is interaction between the magnetic nuclei and external magnetic
field (H,). But the (o) electrons present in the sample molecule are also having value of
“magnetic moment i.e. electrons have spin and charge so these also behave as tiny magnets. ‘'
So on applying magnetic field to the sample, there will be interaction between magnetic
field of (o) electrons and external magnetic field (H,) also. These interactions results into
shielding or deshielding of the nuclei from external applied magnetic field (Hy). Shielding
or deshielding results into chemical shif t.In this topic we will be discussing the interaction ®
between magnetic field induced by o electrons and H,, :

Explanation : In the sample molecule sigma (o) electrons rotate around the nuclei.
When it is placed in the external magnetic field (H). At the proton secondary/induced
magnetic field is produced in such a way, this induced magnetic field opposes the applied &
magnetic field. Thus net magnetic field experienced by proton (nucleus) is diminished. %
Hence proton is said to be shielded. That means more the electron density around the §
nucleus, more is shielding of nucleus fs'om external magnetic field (Hy). :

The rotation of electrons around thé ﬁé'ighboring nuclei generates a magnetic field =
(Induced Magnetic field) that can either oppose or align with applied field at proton. If E
the induced magnetic field opposes the applied field, then proton is said to be shielded. z
If the induced magnetic field ‘aligns with“applied magnetic field, then net magnetic ?

¢
i

Fw® o e e s Fens

L R ATV ) DS IR e e

e,
-

ST T
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(| c=90
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The MRI technique is used widely to detect physiological abnormalities and to
observe metabolic processes: With functional MRI, blood flow in different reglons of the
brain can be detected and related to thq*mental activities of the patient.

X-rays are known to be dangerous on account of the ionization caused. The harm of
MRI is that it cause extraction of loose fillings from teeth. Otherwise there is not any
other convincing evidence of its harmfulness.

Q. 21. Explain application of NMR in H-bonding.

Ans. Proton showing hydrogen bonding absorbs at a low field i.e. more/high
value of chemical shift as compare to a proton which is not showing hydrogen bonding.
The reason for this is that if a proton shows hydrogen bonding, it is attached to highly
electronegative atom. It results into depletion of electron density around the proton,
which leads to deshielding and hence high value of chemical shift.

Intermolecular and intramolecular hydrogen bonding can be easily distinguished
by changing the concentration of the sample. If the hydrogen bonding is intermolecular,
then dilution of the sample results into decrease in the extent of hydrogen bonding.
Hence the signal in NMR of proton shifts upfield whereas “dilution has no effect on
intramolecular hydrogen bonding. !

Temperature has effect on the hydrogen bonding. With the increase in temperature,
the extent of hydrogen bonding falls. Thus, signals in NMR appears at smaller & value
for H nuclei showing hydrogen bonding, at high temperatures.

Q. 22. Draw low and high resolution NMR of :

n . _ cnzc:l
() CH,CH, CHCI = sy (u')cnccncn (m')CHl\
Soimtof o o Baan i
cnzm
s AP ) ils Py o B
Ans. (i) CH,CH, CHCI,
. ) )
(1)
- " i L~ i =" SV ‘b i,
‘."_‘." . ] - l|‘| _a' L e L Jidt s 3"
(8) ~(b) (). ' - : ! '
* +—S5 o, “ _ -0
HIGH RESOLUTION NMR - LOW RESOLUTION NMR
c-95
J L | S
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Q 23 (a) Give brief account on slgmflca‘nce bf the chemical shift in NMR

(b) Why TMS is taken as a standard for measunng chenucal shift ? Can we take
tetra ethyl silane as a standard ?

t-_f. 1 .' {14

Ans (a) Slgmfxcance of chemical shift : Chemical sluft gives us brief inset of the
structural aspect of sample molecules suchas ;' - 4

1. Chemical environment of the proton present in sample molecular.
2. No. of different sets of protons present in a satnple molecular,
3. The nature of the protons € aliphatic or aromatic nature of protons

4. The presence of functional group can also be ascértained by knowmg ‘the S value
of proton eg S value of protons in aldehyde and ke!onﬁ are dlfferent hke :

- —— C——
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S value of protons of
(b) TMS is tatramethyl silane. ‘o ; |.
1 ey ! .'.
1 (:‘1-; . 3 ) i"' | _lf- ,
2 |
N M- ) (I:H.:. A3

"1t is uised as standard for the following reasons :
1. All the twelve protons are equivalent.

alkyl group (R,) is dlfferent from S value of proton and aldehyle.

¢

L - -'.1

2. Due to low value of electronegativity of si, the s}ueldmg effect is maximum. So
maximum value of magnetic field is required to brmg the absorption ‘of energy of

motion ofthis So S = 0.
3 TMS is miscible with all organic solvents.

4, It is highly volatile. So the sample is’ ‘recovered- easily.
5. It does not take part in any intermolecular associahon with sample.

" Nowe can't use tel:raethy] silane as standard because it has two sets of protons and
hence two s:gnals mm‘alfferent sphttmg pdttem w111 be obtamed S0 1[ won t be ¢ easy to

'J

measure S for the' sample

Q. 24. Explam the NMR spectmm of acetone, methyl alohol and benzene.

1 ol

Ans. () Acetone

= (May 2008)
L R
-0
oo
CH3-—C -—Cl-13 -
N:;. of Pm!ons ‘ Sngnal
> d (GH) = smglet
Wi .'!."'r.;.a 1) 1 )
- i 0
17 a | ¢
CH3—C —CHy—CH3
I No. of Protons Signal
a (3H) singlet
b (2H) quarlet
. ¢(3H) triplet
d@>3(b)>d(c)
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(k) Benzene I No. of Protons  Signal
a (6H) = ISiI'IglEt
i T , _J_-_‘: .
— 4 | =

Q. 25. Draw and explain 1H NMR ‘spectrum pattern for C1,CH-CHCI-CHCl,.
———— __(ch_.ilZDH)

b , S
Ans. Cl, ~CH-CHCI-CHdI, 15 eralue
Thereare twosetsof protons , U Ut 0
a (ZH) ' ’ = 2 tnd) o .

BAH) . apisaie n e S sl irsars 3 2T E

So there will be two signals and intensity for signal:(a) will be more than (b) ..
e SR e e A R sy 7 (1)
' T_h‘? electronegative effect on (a) set of protons will be more than on (b) so for this
reason deshielding effect will be experienced by (q) set of protons more than on (b).
Deshielding effect results into down field shift so less value of external magnetic field is

required by the (). Set of protons to show flipping hence high value of chemical shift will
be shiown 7 +#'# Y ¥7 MIGEAL AN MUt o5 : GOIDTEWCNR Y

ie: 8,>5, ' w(2)
According to n+1 rule the splitting pattern can be explanined as :
For (a) set of proton : n+l=1+1=2
" Soadoublet appears for (a) and e
For (b) set of protons =n#1=2+1=3 )

Lan

So a triplet appears for (b) i) v
On combining results as shown in (1), (2) and (3)

| Ho
'.__l--'- f} ; -
+< e Ivs
l_" fi~ f‘,‘ :‘ L
Sejorep (ha
S s 'y
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