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Dr Amanpreert Kaur Sodhi

—SAQ-| ESHGrAnSwer. Type: QUEStions 77~

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

Ans. The transition between two electronic states take place accordmg 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 Eyto V, of E, i.e. V = 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 spectrophotometer is different. But
all the absorption spectrophotometer mainly comists of : e TR B PC SRR Y

(A) A Radiation source ; T 210388

(B) A Sample cell i . i als

(C) A dispersing element
(D) A Recorder

p D.;
Onpinir

SOURCE
OF

A 4
a
y

LIGHT  SUT  MONO  SAMPLE  DETECTOR RECORDER
CHROMATOR i ) - 4 =
Fig. Important Components of U.V.—Visible Spectraphotometer (Single beam spectrophotometer)
C-53
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Q. 3. What do you understand by IR spectra ?
S SR - e ' (Dec~2007, May 2007, Dec. 2006)
infrared

Ans. The IR spectra is obtained as a result of irradiation of the molecule by
' ojump

radiations-When a molecule absorbs infrared radiations the energy is not so hight
to higher energy levels. This only causes the vibration of atoms of molecules. The organic
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 wavelength or

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

2K

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

[NCREASING WAVELENGTH

L

DECREASING FREQUENCY

SN TR LT P

% TRANSMITTANCE —»

‘;.-E- "g

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 H,, N,, O, etc. donot
show vibrational spectra where as the heteronuclear diatomic molecule (HC, 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 bLorganic molecules results various types of
vibrations, which leads to the infrared or vjbrations spectra. The region 1300~900 cm™, of
IR is called Finger Print region. Identification of unknown compound with that of known

compound is done in finger print region. , :

RIS N

e
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antibonding molecular orbital (z* ). So &t e will occupy 7 boriding molecular orbital i.e. '
ground state. On absorption of energy the ne will get excited-to higher energy orbital i.c..
n* or © antibonding molecular orbital ‘(t — *) . Yoo develv

If the molecule has 1 electrons also the possible transitions for n electrons, which| d
will occupy n molecular orbital (i.e. nonbonding molecular. orbital) in the ground state -
may be 1 to o* and forn tox*. (n = ¢*) and (n n*) or'n— c*. ',

‘Transitions from bonding and % to ant:bondmg n* and o* respectively, i.e.g —xs’!
and 7 to 6* can also take place. But according to-selection rule, these transistion axt.
forbidden and are of very weak in intensity.
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3 4e .'l'he(‘dtfferent transitions obey the followingtrend of energy requu'ement

2 “'-“"*',"-:- SRR T Y LS Y LES Y L >n-)1t" B -] "'.

(400-800 nm) pass through the s-\mplc compound having multiple bond in its structure,

part’of the incident light is-absorbed. This absorption imparts energy which leads 3

different transitions of valence electrons in the sample molecule. Since sigma elccttons
are-tightly held and higher amount of energy is reqmred to excite ¢ electrons, so |t
oiitside the rangé'of usual spectrophotometers: v

#'" Q. 6. What are Chromophores ? ' (May 2010, 200&

Ans. Chromophore is defined as any isolated covalently bonded group that showl

a charactenshc absorptnon in the ultraviolet or visible region.

o The. absorphon occurs irrespective of the fact.whether colour is produced or not:
There are two types of chromophore : . ,r;.

() In which = electrons are presen;#;qd hence n— T transmorus are shown eg

ethyiene, acetylene, ‘Benzene etc s il “;
- S g o . . 'A --‘)

C-56-
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(if) Those which havébothn and = elcctrons so that these show n — n* transitions in

addition to 1 — * transitions. "
Examples are carbonyls (>C=0), mtnles (R—-C =N), Nltrocompounds (R—NOz) 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.

Examiples’of lixochrome 4re —OH —-OR —NH —N HR NRZ ,—,S l,-{ etc. / All
the auxochromes have n electrons. a1,

Q. 8. What is Bathochromic shift ?

Ans. 1t 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 Bathochronic Effect
(i) Presence of auxochrome.

(i1) Nature of solvent.

(if) Extention in conjugation.

Q. 9. What is Hypsochromic shift ?

Ans. It 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
polarity of the solvent, are the two factors responsible for blue shift :—

1. Removal of Conjugation : Butadiene shows absorphon maxlma at 270 nm but
ethene shows at 180-'190 nm, ‘This blue shift in ethene is because of removal of con)ugahon

CH,=CH, ~ “"""" ' CH,=CH—CH= CH, * ' o

Ethene Butadiene

NH;
2. Polarity of Solvent;:If-aniline (. . s

is taken in acidic
_ANILUNE (Amax ™ 280nm)

.o,;: Ly ol

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 abso
lower wavelength. (Blue Shift) | ;v . |

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.

rption to
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“““Hypochromic Effect or Shift : It is the effect by virtue of which thf: intensity of l.he
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-methyl biphenyl is
19000 and 10250 respectively. The substitution of methyl.group in biphenyl cause
hypochromic shift due to distortion caused by it. = . .- .. . G

Q.11. What are isobestic points 7..;. v oo 0 0 .
‘Ans, The spectrum of new compound can be compared with spectrum of the known

LY NS i _ Yy o)
compounds. This is called finger printing.
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the two compounds are caﬁed Isobestic Points. -

" ‘-ﬁ:edp;)ixit's A,%and C 'xx\_ai'i;egi in the Aﬁguf_tle.,ab_ove_ wheré-.t};e_ Z.mx value is same.for

P by , Ji e atisRut 02 Yo s an
" . Q.12. What is Zero point energy for Simple Harmonic Oscillator ? .
" Ans.Fora simple harmonic oscillator, the vibrational energy is represented as E,
and 2 e : A
VeStieg ik L7228 4 Y PRI

j |

V = vibrational quantum number:” v e

(It gives us idea about the position of the molecule

in vibrational level. where value of V can be
. V=01, 2, ............. )
h it Ll v 4l vvfb =vibmﬁonalfrequency i S M2

h =Planck’s constant  'TiuiT et Tl v
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z1f the molecule is present in the giound stateie. V=0;E;, = -;- hevyib i.e. in ground
state, mqlecu]e 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
s ZA } ' : J ' ‘
.., Ans. Every electronic transition is accompanied by vibrational and i&)@ti,?pal. éha@'ge
which contributes to the broadening of band 'whereas IR band is dué to only rotational
transition. - ( Y e als T PR LIRIMNTT AR U8 P < A2 et L
Q. 14. Selection rules for IR. © T (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.

v (Hz) ——
3 x 1012 3 x 101 3 x 10
IR Vis. U.V. 3=
100gm . 1000 nm 10 nm
-2

Q. 16. Give high résolution NMR'of ethanol” ™' 7 =« ol
¢! 2. JAns.In pure ethanols: «4 /" al Lo s damele Lo nhal vasie veols S

0 RE SRS CRESTHOE W i T mgieasih uoy v o
GO AT T a4 CH, CH, OH
TRIPLET PLET  TeET Loow Y nae
) MUL'(rb) (a) { I

SPEAKS
Nals vugamm w Lot T PerTITT |

Fig. Showing NMR spectrum of &,%’H,‘gﬂ (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 multxplet 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 radiofrequenciés‘then the'value
of chemlcal 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
radxofrequencnes, and then comparing the value of ] for both the spectras, it can be
concluded that what is the nature of given 51gnal In other words, it can be said that if ]
changes, the sxgnal is not a mulhplet, but of ] does not change signal is multiplet

. .In caseof geometrical isomers : ‘ N1y galiy wnicagied o0 O

He_ Br —
\C;c/ A J=13-18 cps
a— H
(trans)
H Br _ - AN
\C“C/ I=7;12cps .
(Cis) |
Flg. 8howing ditferent J values for:cls and trans lsomers. | ' geind M O

Q. 18, How many kinds of signals are obtained in NMRlspectrumof CH;CH,OH

and how will you distinguish primary, secondary and tertiary alcohols on basis of
PMR. e §C0, e D (May 2007, Dec. 2006)

Ans. Three kinds of signals are obtained in NMR spectrum of CH3 CHz OH .

Fora;(3H) ; b;(2H) ; c;(1H)
= S(c) >8(b)>d(a) ;
i ) of 3° alcohol <& of 2° alcohol < d of 1° alcohol because of +1 effect.

Q. 19. Which type of nuclei show NMR sPﬁétra ? e
"'ogmf( "1"
Ans. The spin quanfum number of nucleus' can have*values 0, %, 1, 1%, 2 ete.

depending on number of néutrons and protons having parallel and antiparallel spins.

The spin quantum number of nucleus is represented as L.
» )f
(ioqae. 3 a.o::. '_-' = Yo muit-ogqn N2 paiwont2

Cc60
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Number ofprotons Number of neutrons d
. ol0'd, . - e 138 \..‘ ~5( . T stae i ot o3ge o
_Even . . sl ,,aﬁaem Jauktaaly omtves s Derusde s m
Odd., 6 e 22011 O0ddesn o0 0 integer (1, 2, 3...).
- o« o " 1t 143 §
Even Odd g half integer (7 2'% -5.---)
135
Odd Even halfmteger(z 2" -2-.---)

Spinning of various particles 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),it acts'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 :

(1) CH,COOCH,~ (i) CH,—CH,—@—CH,—CH,.
* (il CHyOCH, TUGo) CHyCRLGHG T T
: * 531 217 PG ' Il P2 3 I e i re BE)
RO I v (a) (LIRS 2% \ea!
- Ans. (i) Two signals C;Ia"‘ C—O—CI-I3 : .
‘il it el C ) () s
oo (n) (%) ) (a)
(ii) Thiree signals CHs-—..CHzT@—CHz CHy...
TR ereds (c) (c)
Fur g s @ (@
(iif) One signal CH;0CH,4
. e i (@) (b) (a) |
(iv) Two signals CH;CH,CH,4

Q. 21. What is precessional frequency ? -

Ans. To understand precessional motion of mucleus Jet(s 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 spmmng around itts axis and simultaneous rotating around the
vertical axis. This vertical axis is acl'ually of earth’s gravitational field. This mohon is
called processional motion and the top is said to be precessing around the vertical’ axxs of
earth’s gravxtahonal ﬁeld This resulted because of mteraction between spin and earth’

csi
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gravity acﬁng 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
TR w YHO
w_= angular precessional frequency
Ho = applled field'in gauss

- . o —— - — . - — e - —2 - s S ST —— —rr

A & gyrosc0p1c ratlo T

' {= magnetic moment of spin
I = spin of quantum number of spmmng magnet
Yo pus » b = planck constant - . .
As w =2nv

SO, oyt - ".‘YHO =.2nv- ! 1B < VI

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. - e ; )

Chemical shift (5) can be represented as®’

s e ——— e —— — . At . A——

Avin Hz or Cps
0= Operating frequency in Mega cycles /MHz
Units of & are ppm. '
where Av = difference in frequency in Cps between the absorphon frequency of
sample and TMS (the reference compound)
For TMS, S=0ppm = et ssmr et o
"+ Chemical shift can be représented as 7 (tau). It isrelated to §.-' % - = “'%
t=10-8 ' '

Q. 23. What is the effect of presence of halogen on chemical shift of proton.
Why ?

0y

(577 A 2
. Ans. Gmata lhe electronegahvnty of’ﬁ\e atom, greateus the destueldmg caused to '
the proton. If deshielding is more for proton then its d value will be more. '

c-62
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e.g CHS Cl-]2 F, lwo qignals 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 —Tefféct. So it will withdraw:thee density around (a) type of protons towards
itself. Hence (a) will undergo deshncldmg 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

(1) Cﬂz Br-CH Br, _ (Dec. 2009, 2008)
(ii) CH, - CH Br, :
("0 CH3 CHz Br.‘" o .1’ . ni o Supt] 5 st et S (),
W s antibfeidaet o Bt s LR B
A!\S. (l-) - : ' CHzBl'—-CH sz ) , 3 y
- (b) o2 =~ el LODBAT 13
[P {25 o SUTINEA 005 B0 I | 3XF M beenioes g b pavs et 1o 9-adl
RS TR ' g 2 371ud8oot! 16 s
wietaa LmE naustc o o'smaney o L e anlond 1een oo
g, 5, -4 -°(b)' '.(a)'.. i R Py il
(i) CH,—CHBr, - FpuTnaiieas
. i v, | 3 IS
- @ * it i (@)  u). T ! ‘ ‘e Pia
i)
7 4 ’ s ' ’ i v
. () (2 (VLT ’
! -(.".l)u-;.'. frlvd Jansl vlign ~C}i3—~CH2'_Br‘ 1 r . }
‘\. ';.‘.7 ‘ < - . & : "
@) s ) et T
<4—S
C-63
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- Q.26. Why TMS is taken as standard for measunng chemica] shift?
(May 2010, Dec. 2008, 2007)

“-Ans. TMS is’ Tetramethyl silane, i is taken as standard for measurmg chemical shift
becatise : " R e et

(i) it is chemxcally inert PR e RN

(if) It is highly volatile

. (iif) It has max. no. of equivalent protons

 (iv) Silicon being electroposmve in nature, results in shxeldmg (Max ) e i

- ————— -v‘,..1

.

-

;.

K CH3 pis L TR AR R X AL E

Yoo Laddecqs LN o vinngie 20 _:H:‘,C'—?l-—'CH:‘,'-.‘S;vf.‘."-mM:.'-:.u.: stuzitnl 2<.0 G

(RO0C 8005 W CH3 ; - 3-zH (12 ;
. oty .

TMS ’ o"'j LR Rl .

Q.27. Whatis lhe effect of presence of a halogen on the chemiical’ shift of alkene ?
Ans, Shieldmg and deshielding effects of halogens in case of an alkene:

e.g. H2C CHZ In this case one type of four protons are present So all the four |
protons will show one signal. Y
(a) _ fl

In presence of halogen, HZC CIfD( d

There are two types of protons i.e. a and b. So there will be two signals in NMR
spectrum of haloalkene. Such that é, > d, 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.e. high value of 8. This
attributes to 6(a) > d(b). As the no. of protons respons:ble for (b) signal is greater than (a)
50 Iy > T

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 single line. What could be its
structure ? . (May 2011)
CHy
Ans, Its structure may be CHj -(:Z-Br .

: - CH SE

Because all the (9H) nine protons are equjvalent:

BB Ll s s 100 el B S o

o

PR —

i

C-64
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Q. 30. Match each absorption band’ thh lhe followmg gmUPS 3

Functional goup >C=0 -N-‘H o= HAv-=CeEC-
Sk i A NP2 -~ - o S
: v cm-l =i i T ' 3400 = Sge %oso ] ..._{_,:,1.200‘_?.3350
RO VT RCH D> Tot O Vrooh innnadnaan? 1017000 el e daob e 'Y(May:2011)
-fps . v) .
' e 235N L' Wi 8 .
ALANERE & -N-H | oam 2 83500 it ofs stdiieng ekl v D AL
-O-H © 3400
-C=C- 2050

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

i~ (Dcc.‘2011)
Ans. /\/\/ /\/\ /\/\/\
o 4 vra! '
t 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 shxe]ded net magnetic field experienced by protons is less than applied
magnetic field (Ho) 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 upficld 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
expenenced by protons is more than H,. So less magnetic field is required to bring these
protons in resonance with radio frequency This shift in the magnetic field towards lower

side is called down field shift.
Q. 33. What is the difference’ between allowed and forbidden transition?” '
(May 2012)

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

 selection rule but still takes placee.g. & -» 0%, 0 *'7*. The signal for the forbldden transitions

are very weak and not intense in the spectrum whereas for an allowed transitions, e.g.
- %, 1 -+ 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 :

- T by

C-65
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Near IR region =0.8-2.5u
" TRregion =25-15u

] - Far IR:region_ = 15 - 200u. 3o qut’ s Larsol!
Q. 35. Sharp peaks are seldom observed in UV spectrum. Explain. (May 2012)

Ans. Because in UV ~vis range, the electromc transitions take placei.e. every electronic !
change is accompanied by vibrational and rotational change as well. This is so béciuse in I
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: - (May 2012) {

() CH,CH=CH, (i),CH,CHO £ ‘

Ans, (i) CHz-CH=CH2 (a) oot ) {
Crsteni o dme 2 & 8 () x> a® o 'l !
; |
-1 (if) CH3-C-H
(@a)o»o* (c)n—-»o* . %
Oz (@nec Uit g A |
Q.37. How 1H NMR can be used to distinguish p-CHgCGH‘CH, from C,H;C,H; ?
Y ,(May 2012)
b ..‘~' . ol ' - . .\.— !
_ Two signals will be observed. There are two sets of protons. . .
T vim e 2t = i AT e
.1, three signals will be observed.
ta g UM Lo LN B 5 v, wnoriaity ol e K 2ReD Tanbidss .
_There are three different sets of protons - . . . = - . . . .
b(3H) - . : A by o s 2 . -
¢ C(5H) o3 51 ol
Hence p - CHsC6H4CH3 can be dlshngmshed from Cszceﬂs o
14"\ : urery eyl séy
N IR INN ‘
C-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 moleculerso it will undergo both stretching and bending
vibrations. -

Q. 39. Discuss the principle of UV/Visible spectroscopy. (Dcc. 2011)
.- Ans. Principle of UV/visible spectroscopy : when an electromagnetic radiation in
UV-region (100400 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. ' sl LAk cuise lo Bl a )

1

- 2/
TN .t-.,.x'.j' L) 2L
uestions:i e -
tions . -

Q. 1. Explain a UV-vis double beam spectrophotometer. v ezl

SAMPLE Py
CELL PHOTO CELL

Ans. | REFERENCE  p,
| < I__C.Ei PHOTO
SOURCE DISPOSING - SUT \_,_r'—[
OF UNIT

LIGHT /S REFERENCE

MOTOR ELECTRONIC
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 tamnsmitted beams are then compared over the

c-&67
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whole wavelengthrange of instrument: (The spectrophotometer electronically substracts
the absorption of solvent in reference beam from the absortion of the sample). Hence the
effects 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 | (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
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 :

(@) Bathochromic Effect/Red Shift : It is the effect by virtue of which the §bsorption !
maximuit is shifted towards longer waveélengthidue to'presence,of an‘auxochrome or by |
change of solvent. This shift is called Red Shift." - 7 T

Factors Causing Bathochronic Effect A

(#) Presence of auxochrome : - ' . -1

Benzene shows A_,, at 255 nm whereas aniline shows absorption at 280 nm.

NH,
; : A..__f— \. L 2n
! il
i. W ey 1 e
Benzene . ) Aniline !
Amax = 255 nm Amax = 280 nm
Emax = 230 Emax = 1430

Fig. showing effect of auxochrome (—f\} H,) on chromophore (@)

|~ -~
et & G
|

Benzene is a chromophore wherea§ —N H,'group is.an auxochrome; which when‘;
gets attac_hed to benzene, it forms amline i.e. anew chromophor; w}ié;élit electrom on l.‘l
of —N H, groﬁp 7;«rilh‘ar;ter into conjugéﬁon with the chromoiophort.:’.a'xxd hence e;(tcndéé
ﬁ\e,mhj\;gafioh with r elecifons of benzene. Tiis results into increasein absorption maxima
(Aay)- 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 summanzcd as :

-

fChromophore | "+  Apxochrome v
(withme) -~ * "(;havmg n electrons) ——) New Chromophore
" (orwithnandme) - . i h e
lm.uOfChromophore AR I P b § & MY 4 { et UL § P ferryp Lo .'"J” J E
(AN AL S/ SLIN )
.- (i) Nature Of so“,ent S (A B g CU O eaanntes annrasetih v sena e "“1
% — ®* transitions .. .. _ ., " vt Tl e

If we consider the r electrons of the carbonyl ‘group, the;ground state is less polar
and excited state is more polar. So, more dxpole-dxpole interactions of the. sample with
solvent will take place in the excxted state and hence it wxll lead to decrease in energy of

theexcxtedstatele % g
4,50 less energy is requued for the = n transmons ‘and hence hxgher A. yaluc is

K r ‘,I“ e jl’ JJ",-‘ !

“'If the polarity of the solvent is increased, xt wxll Iead to decrezise' lﬁ{ ene;gy of n

molecular orbital and hence will raise the (S, value.

Conclusion. With the increase in polarity of the solvent, the Tt — n” of the carbonyl
group will show hxgher valueof A, and n—n* transmon will show absorptxon at lower
valie of A, .

* (ifi) Extention in conjugation’ ' Aileg iy MapsgroRt sl

In an alkene the most probable transition occurs from m—a* at:170-190 nm. '

l}‘:'

... Inthe case of conjugated diene there are two & bonds as, shown. . .. .it.etui
CHz C1-12 CH2 CH—CH = C_Hz I & 11 PRYSELL: I
Ethene Butadiene. oy P
(an alkene) (conjugated diéne) Sy

) Suf separate alkene groups
combine to form new orbifyls/i.e. two molecular orbitals n, and Ty (Where 1't1'-“1: + mand
%, = n—) and two antibon 1\1 molecular orbitals ;° and m,* (where n,* =7*'+ n* and

n,* = n*-n*). Thus, the en rev difference between HOMO and LUMO decreases How ?

In case of butadiene iﬁh ¢'are two 7 bonds, the r orbitals

VR X 7 -
\ / . - “hers § - \““?'. ’(J‘
17 TX =7 -
> /
5 = 5 |* g ‘&X S SCN L LT
Ef ik / \ o & i . %] H18E WU Ut 1N
E, ® . x : pd . 4.\ --\2.,... A
J BT ..;‘ — \ i NP e 4 )t \ oo /x Vo I LB
S 2o AN . o N e
- ‘x,c oy RN
ALKENE L CONJUGATED DIENE * °
= C=C . _ CesC—C=C -y
n—eg Rz—.ﬂ’

Fig. lhowlng the effect of con]uglllon on the electronic transition In codluﬂahd diene

- = 03
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As butadiene has four © electrons, these four & electrons will occupy the ground
state i.e. T; and 7. On absorption of energy the excitation of & electrons will take place
from HOMO to LUMO. HOMO is T, as Energy of m, is more that of m,. LUMO is my*
because out of two inoccupied molecular. ofbitals m;* is of lower energy hence it will be
lowest unoccupxed molecular orbitalHence HOMO to LUMO transition. resulls into
- m,*dransition: »

Thus, energy difference between HOMO and LUMO (m, = my*) d decreascs as compare
to that in case of alkene, where energy difference between © and ©* is more. Because
HOMO and LUMO for ethene are tand * respechvely As it is clear from the ﬁgure that
AE for HOMO to LUMO transition for ethene is more than for butadiene.

i, why absorptlon bond for’ butadlene appears at 217 nm_while for ethene at
170-190 nm.

AS the extent of con]ugahon increases, the energy difference between HOMO
and LUMO decreases and absorption wavelength increases. So it can be mterpreted
that the wavelength of absorption increases with mcrease m con]ugatxon :

(b) Hypsochromic Effect or Shift/Blue Shift R

It is the effect by virtue of which the absorphon maxima is shifted. lowards the
shorter wavelength. 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, S G =CE,
o Ethene | oS eelpslé e R ofl 2 Butadxene r: e Eeira
2.Polanly °f Solvent TR T O S Tk ra i HYPERCHROMIC'Y’?- R RIIEL >
l.f anll'].ne - : T 1 " P . - \ “ ' 5 EFFECT .
.NHZ' i . |
e . s HYPSEOCHROMIC ‘BATHOCHROMIC
ANILINE- Gx=280nm)] I FreCT et

is taken in acidic solvent, thé lone™ - .?- e
pair of electron present on N will
not show conjugation with p-bond
system of benzene ring. Hence a

~HYPOCHROMIC "\
EFFECT

blue shift is caused which will lead RS
the absorption - to - lower — >
wavelength. (Blue Shlft) s, Mnax ——>...

PP~ S '),—'- nf- ]

Flig. Showlng Absorption and lnunllty snm-
C-70
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The 1 electrons on N in aniline, if taken in acidic solvent will form abond with H*

1 @ <l . . . f
from solvent and will form C;HgNH;.and hence no longer available for extension o
: conjugation. i 5 - . .
3. 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.

4. 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
hypochromic effect. For example €, ,. /intensity for biphenyl and 2-methylibiphenyl is

max

19000 and 10250 respectively. The substitution 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 distinguish among 1-hexyne,
1-hexene and hexane. ! : ‘

Ans. The vibrational frequency is 'g"i\_re_n by:

V=2\p "
a2t URe S . DTSl LN o B
K = Force constant
: p = reduced mass )
'™ “Value-of force constant increases with the strength of B’é"nd ie. Single, ‘dotible and
i'r'iplé'.bor{d.".Stfo}igggﬁieb@:;d_;ﬂi;x’\;prgﬂié the value of foijce'.‘coﬁgt"a_'.xf\t'.l"'; Sl CEaNas

2P, by

_ Fiom the formula

- UZ DART I3 2400s 2

- - v VK e

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

Hence the order of vibrational frequency willbe: -~ % " v

P H

i 9y 59°
1y

25 ol SO SV > Vil T R, Ll

13 W) 4 Expl 'ui‘-in\§ ities and lifié widths in'the'speétra. /i 1) % (May 2010)
Ans. Widths and{Intensities of the Spectral Lines : In’ the ‘spectras, ‘the spectral
lines or different signals are niot sharp but these have some finite width. In any molecular
spectroscopy, the tw,f important features of spectral lines are : (j) How sharp/broad are
the lines i.e. line width. (i) How strong is the line i.e. intensity of line.

c-71-

oudiiieu witl udii19(



19
_— ..enomeenmo cuemsrnv S T——— e —
. ., 1673107 Kg)x(bé x107% Kg)
W a0 KgA45.895%107% Kg
i LR, 3 /
SR v anadiana) cn e 627 x 1077 Kg 4

¢ S35

'»Ji'_' ‘-i....., ]l\_"_;u"j y 1o
: K
fnemsill mus o 2chile: 11:|‘«V Siaral TS

21: - vZn? xu=-K-'«‘- 10 oFh wal tnant
= 4 x (8.667 x 1013 sec‘l)2 x.3 14 x :1 627 X 10‘27 kg
= 483. 1/(5 sec2
635 1 s =483.1'N/m
Q.6. How can one establish whethér a carbonyl group is part of aldehyde, ester or
ketone,’ by usmg IR spectroscopy

2.0 l pLA ot 1N LX 20 b -..'l’,l_.?.-al

' e o Q . O.. - covmm vizuliee:
. “ NI ” . “ : T A
A AI\S Cf'ls C—H . CH3 C OCH3 C CH3
e Aldehyde ,_ ~ Ester Ketone

= g 8y o ' -4 g =

SHTD Imaldehyde one methyl group atttached to carbonyl group has +1 effect, whereas +1
effect is more in ketone than aldehydeas-in ketonetwo methyl groups-are attached to
carbonyl group. Due to electron releasing inductive effect of methyl group, the value.of K
decreases hence y at which carbonyl group. will show absorptxon will be less in ketone as
compare to aldehyde.

.~ -.But in case of ester, —OCH3 (—I effect) group is attached to carbonyl group on one
side and —CH, (+] effect) group is attached on the other'side. Hence the valueof: 3 vat
which carbonyl group will show absorption will be least.

SiNT § v -
Jrdar o bstiave 157 Vester > Valdehyde >Vkelone T TR, 71

Q. 7.’Explain different electronic transitions possible in sample molecules

(May 2010, Dec. 2008, May 2008)
Ans .1. 0 — o*

, ‘ ) It 1s a lugh energy process, smce 0‘ bonds are very strong. The orgamc compound in
'wluch all t.he valence shell electrons are a electrons do_not show absorption in the
normal U.V. region i e. 180-400 nm e g of c. —) ox is methane ie.a saturated hydrocarbon
This transition requue lugh energy i.e. short wavelengt.h The usual spectroscopic
technique 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.

1 — 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 n — o* transition decrease with increase in size of the halogen atom because it leads

to decrease in‘électronegativity. -« "

CHy— Clt il i CHy — | ¢
).VALUEFORn—-w 172—175nm - -4 zu-'oan—-w 258 nm

LR At A w e l—"’_nu—:-z;v P

"Dise to more electronegatwlty 'of Ci than I n electrons of Clare. dxfﬁcult 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-bondmg with the solvent
molecules. This takes place due to presence of lone pair ' of electrons on heteroatoms Asn
electrons of the sample molecule are involved in hydrogen bondmg, more energy is
required for their transistion to higher energy molecular orbital. Hence H-bondmg shnfts

.the ultra-violet-absorptions to shorter wavelength. ol Ll

e L

PRy

Al aimiasven

3 = transrshons

Unsaturated molecules show this type of transition. For example alkene, alky'ne,
carbonyl compounds, aromatics etc. This transition reqmres still less’ energy as compared
%t 11°<'G* transition and herice absorption‘of 1onger wavelength takesplace Absorptxon h
occur within the range of ultraviolet spectrophotometer..«.» " =i . j e

4. n — m* transitions ' 0, IR U ks 13 il U T LA

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 1 — ©* transitions are carbonyls

i.e. Aldehydes, Ketones, Carboxylic acids, Esters etc.

Saturated aldehydes show both n — nt* and  — x* transitions at around 290 nm and
180" nm ‘respectively. Absorption occuring at smaller wavelength is usually mtense
Extinction coefficient of 11 — 7* is quite low as compare ton - m*. In addxhon to'thiese two,
} — o* transition also takes place in case of carbonyl compounds.

It can be summed up as that in carbonyl compounds two types of transxhon [(x) and
'(u"l take place.

(i) High Enefgy" Transnhons, which mcIudei; 5 .oF' and &t —)(_1!‘ fransitions. The -
‘gignial for both‘the'transitionis areé mtense T

R M N

R N

e Ldtvie i .

>
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(i) Low Energy Transitions. n S iransiii'on requires less energy and signal is a

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

(b) Benzene shows absorptioma__ta.‘.‘.'ssrnm while aniline shows absorption at,
280 nm. Why ? ‘ = g )

Ans. (a) n—G* transition: This type of transition takes place insaturated hydrocarbons
having one hetero atom with lone pair of electrons eg. halides, alcohols, ethers; amines
etc. . 'y 'ae sh ! : i ttude T
n — o* transitions-require less energy than ¢ — o* transitions but majority-of
compounds in this class show no absorption in the near U.V. region. - v

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

to decrease in electronegativity:.

CH,—Cht ' CHy —ii%
~ A VALUE FOR n—>» ¢* ="172—175nm t A FORn—»o* =258 nm "~

Due to more electronegativity of Cl than I  electrons of Cl are difficult and excite
hence more energy or shorter vavelength 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 1
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. o Vg

(b) benzene shows A_,,, at 255 nm.whereas aniline shows absorption at 280 nm...

NH,
.. ... -.Benzene. . Aniline
Cm T Ay = 295 nm Ao, =2800m ~
| Enax = 230 ' € = 1430
Fl-g_-.hq\\}lhi‘.jﬁ -gc@"af ;auxochréme (—I.\.I H,) on chromophore

C-79 |
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Benzene is a chromophore whereas —N I-I2 group is an auxochrome, which when

gets attached to benzene, it forms aniline i.e..a new chromophore where n electrons on N
v etal 0 PY. a0t - . . 'J:""“" ce & PO .- e

emderry Lo et wodbinn bW ocur 82T Ay acimnaLde aacile snsned ¢
of —N H; group will enter into conjugation with the chromotophore and hence extends

the conjugation with rt electrons of benzene. This results into incréadse 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
than"elhcne.(CHfCHz). Why ? o o e w8 S IS IR
- Ans. Normally the absorption of U.V. visible light results in excitation from ground
state to hxghe_zr energy state. The higher energy states are calléd high energy moleciilar’
qrbxtal or anhbondlqg molecular orbital. The highly probable transition on the absorption
of quanh.zed energy is from HOMO (highest occupied molecular orbital) to LUMO (lowest
unoccupied molecular orbital). : .
Sy _ R T T T g oy
In an alkene the most probable transition c:ccurs ,f;om n — n* at 170-190 nm.
* In the case of conjugated diene there are two 1t bonds as shown. )

g 00 o

oy CHy=CH,. .. 2. . (CHy=CH—CH=CH,' .. .. .4 it
Ethene SR Butadiene ¥, g AT sl mion
(an alkene) (conjugated diene) .-

In case of butadtege as/ there are two wbonds, the 1t orbitals of separate alkene groups
combine to form new or t{\ls i.e. two molecular orbitals r; and'r, (where %, = xt + mand
7, = 1—1) and two ?hbondi\ng molecular orbitals x," and x,* (WRe{e T* = 1* + 7 and

my* = n* = n*). Thus, the energy difference between HOMO and'LUMO decreases. How ?-

7

AN
,3N/g' Q

ENERGY —»
.
=1 .

ENERGY —»

< o
n '3
% / £,
T o f smvanc® [0 =
: K ./' — z ~ \
3 L 5 4 .\.--.- = [ /g' ‘
i | / 15 s 4 F / |
< ¢ / o
A(KENE : » e CONJUGATED DIENE:
c=¢C / CsC—C=C
n—n* ;P, N R— %3

4
Flg. Showing the effect of conjugation on the electronic transition In conjugated diene

c-eo|'
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As butadiene has four 7 electrons, these four 7 electrons will gcéuﬁ'}" the ground
state i.e. y:and 7. On absorptio of énergy the excitation of ne}ct’rons will take .placs
from-HOMO o LUMO. HOM(Y is:1:as Energy of , is more that Of . LUMO is 73*
because out of two unoccupied mblecglé? orbitals my* is. of lower }mergy hence it wxl'l.be
_ lowest unoccupied mo‘lc_:!cgla_’{; _Ql:bjt_‘al.}(_ijlence,aHOMO,ﬁo;LUMQ transition results into
n, > m;* transition. - ol g TRl

Thus, energy difference between HOMO and LUMO (m, - ;") decreases as compare
to that in case of alkene, where energy difference between n and ©* is more. Because
HOMO and LUMO for ethene are ©and 7* respectively. As it is clear from the figure that
AE fos HOMO to LUMO tansition for ethene is more thai for butadiene; , .
" e why ‘éﬁsﬁgp‘tji'gri. bq'qd f\qxj fﬁutédiéﬁe{ appears,at 217 nm while for ethene at

FPRLE AP P .

170-190 nm. : ) N —— - TIY
* ' PR EDSY Y R ST ¢ Yok -'."' R Atk DA LEEA '."ll.\.()v ) i d
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. .
0. 10. How Polarity 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 the solvent on the absorption maxima (A_, ) value.
{ %t

. -
fif' "ol LR
s Wt .

() n = B transitions, .y o copeo im0 Seigunes pEwnE oo

_In the carbonyl compounds, if we consider 1 electrons, the ground:state is amore
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.e. blue shiftor Hypsochgopuc effect (as explained
in the next topic). T s ;

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

(if) ®* — ©* transitions e

If we consider the 7 electrons of the carbonyl group, the ground state is less polar
and excited state is more polar. So, more dipole-dipole ir}térac%ions of the sample with
solvent will take place in‘fl}e excited state'and hence it will lead to decrease in energy of
the excited state i.e. 7", ' | e

So less energy is required for the m'— x* transitions .and hence higher A value is
absorbed. » ; - . -

If the polarity of the solvent is increased, it will lead to decrease in energy of n*

c-81|.
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molecular orbital and hence will raise the A_, value.

Conclusion. With the increase in polarity of the solvent, the n — n* of the carbonyl
group will show higher value of }\w andn—mn* transmon will show absorphon at lower
valueof? .. -« ~ e v

Q11 Explam the apphcahons of UV-Visxble spectroscopy in expldining.

(a) Extent of Conjugation """ (Dec. 2008)

'(b) Keto-enol Tautomerism -~/ nEose e s -

" (c) Isobestic points. -
Ans. (a) Extent of Con)ugahon A oy valuei mcreases thh mcréase of conjugahon

It is found that the absorption occurs at 420 nm if efght doulzle bonds are present in a
conjugated system. Such as alkene will appear coloiwred to hiiman eye. -

The following isomers can be easily distinguish :

. -
At

- '."

0 Q
R - b ] | AN i
SC=CH—C — CH3 - PEL- Ol o 3
B2 CH,.
@ ®)

Fig. Showing conjugated (a) and non-conjugated (b) dienes. ™~ - ‘

'n— m* 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 ‘e i e ot s nfe et el 0lng
% ALKENE OR TR VOIT AP ety Y Lritiesas
| UMCONJUGATED ALKENE .
CONJUGATED
o\ TRIENE
i CONJUGATED /% _ /
§ DIENE ‘l'.‘" % .:'.
§ ’ I“ 7
|- \..2 ‘ “l.. {5 R0 pdl, 4 { bt .':"".4' ."':i-':r"z' P i
‘e 2% ‘1 ' B4 o v
= L3 - 2 - 03952 - v o~ 5 > " - I,
200 250 300 350

— A (mmm )
- Fig.,Absorption In con]ugated ‘and unconjugated systems
(b) Keto-enol Tautomerism : If a molecule exist in two tautomeric forms, preference ,

c-a_z:
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2-Hydroxy pyridine —— 2-pyridone- 15 1hi

a=c

..'

Fig. Showing tautomers CIRP S 5N
The spectra of these two compounds were found to favour 2-pyndone which ise.B-

unsaturated ketone-and equilibrium is shifted to right. ":7{-'1 Y
(o) Isobestic points : UV-Vis ' <

spectroscopy is very useful technique in ‘ ,.. c

establishing the identity of the new and NEW OR / 5

unknown compounds. The spectrum of | UNKNOWN—:
new compound can be compared with CRMPRHNG: 4
spectrum of the known compounds. This | |
is called finger printing.

KNOWN %
COMPOUND %
(STANDARD) %

£ ——

WAVELENGTH
Fedifs” 21

it §01 : g v Flg Showlng lsobostlc Polms R

The points A, B and C marked in the fi iglire above’ wheré (e k ‘valué 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 : '

oudiiieu witl udiio(
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1. Stretching il
II. Bending ‘

ginioy 3¢
.~ .SYMMETRIC : ; ., ASYMMETRIC .. .
‘ STRETCHING R t' STRETCHING | .
" Fig. Showing Strelching vlbmlonl in polyatonlc mohcuh .
L. Stretching

When Distance between two atoms is mcreasing or decreasmg but atoms remain m |

same bond axis i.e. no change In the bond angle.
Stretching * vibrahon is of two typa -

agisntiq 1gntl o

(a) Symmetnc. Movement of dtoms w.r.t. particular atom is in the same direction.
(b) Asymmetric. One atomn approaches the central atom while the other departs from

it.
II. Bending

Position of atoms changes w.r.t. original bond axis i.e. bond angle changes but

internuclear distance doeés'not change. There are four types of bending vibrations.

S0 \ Zihad o

| !f'.vb e

(Pl l ity - . - s
SCISSORING _—
i if T NG AN l?" okl £ . @ ) (=
) iare e o pe. M ytbiyi IFig’ Showing Sclssoring .o} oL e i
(b). Rockmg When"the atomsxsmtf\é"sér'ﬁe dlrechon e egaiqeatiivelivg
I I T LR S ] B R PR YT » AN gl 15 20l
: ’_‘ : — | )
. ., Ve lIfig BRI 2808 40

ROCKING
Fow
Fig.;/Rd¢king

c-84

(a) Scxssonng When two atoms : approach eachother. .. ..o e
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" (c)'Wagging. Whren two atoms move above or below the plane W.rt. éentral atomn,

1 8 y ' )raal ! - R A ‘. U8 fl Qr
sy % > oy wleyema
“ N { v ) X s T8I S L ','4’"! | (L S Al T
BTy 3D . I e astt 2Lyd Gaee e X

L
Ture et Lodaaney o) WL ETT CWAGGING ccttttematien T lons-oie? ()

’ ~ “ '\_l -:- ‘ ,{‘ -y t Jf' :

Fig. Weagging ' e St (d 1and

() Twisting. One of the atom move up and other moves below the plane w.r.t.
central atom. Nergd o o I

=y, -4 is (O d

R AT RN B R L Y It ¢ (v 7 <) K T

JB VY e F11 ST L
v gy . i v mmvay L. § € { B . ' '.;(':
TWISTING .-, ..

: o L e - WHRRIUFIgG. Twisting 0 faTiie T e s 30 &80

= . * bR 6 5 S (VL] AT
[positive sign (+) represents rhotion from the page towards the r’ea‘d,er and negative
sign (-) represents motion away from the reader] : o

-Examples of AX, groups are'—CH,, —NO,, —NH;ete! - - I SRS

These vibrations are called Fundamental vibrations, Sometimes overtones also
appears in addition fundamental transitions or fundamental vibratipns Beats 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.13 Explain application of IR spectroscopy in: | i
A (D) Inter and Intra molecular H-bonding. ,
(if) Keto-enol Tautomerism , . TP TR et Mg k1 BRELGTIAD Ginng
(=, (fif) Detection of Conjugation. C U (Deki2010)

Ans. (i) Inter and Intra molecq.l(a}' H-bonding, Irif;ar_ed technique is used to
distinguish between two types of H-bonds ie. intermolecular zhd intra moléciifar H-
bond. H-bond result into () shift of '5’f$r the O—H b‘dh'(‘i,ﬁttii&ards lower value. (ii)
n Intermolecilar H-Bond results into formation of a broad band at lower v value and

intramolecular H-Bond results into a sharp band at lower o value than the 3 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 shows diminishing of the

c-85

L oudiiieu witl udii19(



[N &

ccram e wme o T
- - o.ce - - . - .

> AL

“- - ..‘n--'J

cemw *

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 v 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. |
(i) Keto-enol Tautomerism : Keto-enol tautomers can be distinguished from each ‘
|

other by other by using IR- Spectroscopy €.

-bonding), it results that

=) ANy, ?') ¥iihd | ?H
CHT—C—CH3 — CHa—C —CH;
(keto) (a) . (enol) )

(a) form is keto form, it is different from enol form (b) by the hct 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 distinguished 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

formulaecanbe . " :

s wpraBar bre . 0 wan slviawot naRe o ral natone T peril gl » 2T
et > O

PRI T SIS SESRSON S 3 3

U MITE VS 1985

H3C—C—CH CH—CH3- 7v2=0r CH3—C—CH2 -CH—CHz
R @ - 37y ) ()
But if the structural formulae i is (a), there wxll be effect of con]ugahon as :-
gt ' o- | e’
| CH3—C—CH CH—CHj «—>. CH3—C CH—CH—CH3 i T )

atf Conjugatlon will result into decrease in value of K i.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 C;HgO has structural formula (a), Otherwise (b).

Q. 14. Using IR spectroscopy, how will you determine whether the' oxygcn inan |
orgamc compound is present as a carbonyl or hydroxyl group. 4 3
D A 0 | soltaor LS (May 2007, Dec. 2006) 1
ST C TR Wk 137 0 0 ¥ % 1L ) “l‘;‘-t TRANE Tt ik Sk Te Liad BT R 1T g
v AMBy o cn L"Caro e TS 5 o L RSP A i

: bonyl. .
uie Cea ) IR y BT 4 - _HYdIOXY] 3'01) ol 22 Rl | g

The value of K for carbonyl > for -OH. Hence Y for > C =0 is more than —OH aql s

Q. 1s Descnbe briefly the theory of What mformat on can be ob :
from NMR absofption peaks? Nli{R. bt ol tained ' |

‘ Ans lf a proton is placed ina, magnehc field then Jt starts precessmg (al a cenain ‘
frequency) [Frequencxes of nucle.xat the fields normally applied, lie in radio frequenq

C-861,
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reglon of the electromagnehc spectmm So, NMR is a radio frequency techmque cg at
12T, protons show frequency about 500 MHz (radio frequency)]

. It is capable of, takmg up one of the two orientation w.r.t. axis of external magnetic
field LT \-N(n « 30 Lped Lt O L LS T

(1 ahgnment thh the field and (16 ahgrunent agamst the field J 1< baat

(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 10— 3 x 10'% 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 hlgher energy state) can be brought
about by the absorption of ar quantum of electxomagnetxc radxahon in“the’ mdiowa\ e

region with energy hv. IR EE LIS

HlGH-\E'@.E-BGY.L.EVE,L,:P.. | TP k é; OPFX’BSESN SI{LE ¢ ) ¥ esale B
E 1 Y7 (HIGH ENERGY)
AZ = Ex-Eq . | F e =}
=t Ll o P X8, RS @%0% X
LOW ENERGY LEVEL —Y—F, E? (Lo‘ét'é‘rﬁ‘é?s;, S TT 1 s
Ho

Fig. Emrny lcvol of proton
The energy (AE) reqmred for the fhppxng of proton depends on strength of external

field. Stronger the field 'g'reétér the tendency of proton to remain aligned’ with it and
higher-will be- frequency .or energy of radiation requn'ed to flip the proton to higher
energy. (The precessional‘frequency of the proton is directly proportional to strength of
external magnetic field)

+ Nuclear spin is the characteristic of nucleus and is represented by spin, quantum no.
of the nucleus i.e. 1. For a given magnetlc 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

L= gnhnl’ : -
or p=KI" g — v=attadivan sy
where K =g.1, '
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 valueof I’ canhave |
values‘from 1 fo <I%.¢.total 21 + 1 values. This means that keeping Hg constant a nucleus |
thh aspin (I) has 2I + 1 energy levels in presence of external magnetic field. ,

" In the absence of the external magnetic field, all these Griéntations have same encrgy
But when a magnetic field of strength H is applied, each orientation corresponds to

|

|

dxfferentvalue ofEnergyxE CUHT R 1t S AL PR 11T TR B B S }
Sserenm boon P pitette redosg 10 Disl ainansmn (ngsin |

¢ B =-uH % ' : {

blan - MR R A b 1 Y0 aks 45 16 T 0L GNIGE UL L l |

where 1 is magnetic.1 moment of the nucleus O S TR TR IS T f

|

TaRT ::.’" nl"-!'f. ‘,".. uisia E‘rE'-gnp." IH( ot MENR un e R RSINY
6 Mmool o pVEamKUH
Whéhl Q‘I L0, hefice E = Qand20+1=1 '- S A

SIEN P AN Lt

Thxs mean; that nuclei with 0 spin, show no splitting in magnehc ﬁeld means only
‘one energy level. Hence no fhppmg of spin is possible. . meak

SPIN

3
Whenl= =, thenvaluesof I’ /- AU EEVRaam A
e Ex* gkt
31 1 3 3 | =
) e h =2x7+
ol R
1 = 4) Orlentations = hencé for ) L SWE St Ve
MO t ! . Ho
energy levels of energies -—1<H,,,,,,,,: o i} ot yenensy o=
17(.2) - "%KH@
: -1 vy ulr’ e LR ahrnaols Ctarer o B ~t e} b { 1' ) vy
- KH oA g L U =y o Flg Showlnglowerandhghorcmrgy uwolnoﬂho
M ey e YIS 1 “ " proton along witti'corresponding 8pinof |
j, =pts ,. orfs =y aE e - nucleus and energy of the states In'presence of external .
R P! i AT magnetic field H,
L, 2 l+1:=2
ortheproton‘l "Jr— SO differentpossxbleonentahons forlare21+lt.e Tl
‘!'; . isdnnito (ler 1) s7s g . 3 At ' i e,
foen halrescgom o rl.f vy bin g adgcans §ootims ol alralo ;a1

these arell* =«-ZrandI*==7+ IIINT Bz Ayt 2

95 1 4 R —
Energy for stateI” = + E’El LA
. 1 pres. 3(.17'-'.' ar 'T';_ T3aied A ) :
=—§' n‘{o -t -"’ -)‘,1:“:!:4': ot ‘.",7' Y idd— " |
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| | 17 s . ..
322 1 ’) Ez - 5—:mo.v = .‘
:. b AE =%-El
1 1
ory Wl s gl ] =EKH0—(_-2'm0) r T 22\
Se N N é'tKI{ .;‘-- ! -- 713 » ‘-: : - -H. _: ) ' I.~ 1
Nowwe'lénowthatAE hv AR eI i s
1 J J "'h-a }w,

I gt i
e
h

vV =

- =¢% ; Kis constant’= gty _

Here v is precessional frequency of nucleus
Q 16. Explain instrumentation of NMR.

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

work in exther two ways 2kl

ir
"

i

4 ] ]
> - ' Lo S 14
i

.....

(u) Keepmg radlofrequency constant and varymg the magnehc ﬁeld R
,_‘ bo 2 RADIO FREQUENCY.. P e g N el 7 qt
Al ool
SOURCE =
I DI 3579 x B &7 p&U 0 b Lo 5 23 LY PRUTE § ¥ p 387 Tt iy
BNy Sl i ctoet 1 et Y s
s s MAGNET’ U Jitd = = ) '
- : _ RECORDER i
VAR A ) - %2 =2 . " PR
Sty 05 TS Feml DGt & St i 34 ' ' ;  CHART
il 'PAPER
RADIO FREQUENCY  SF ECTRUM
DETECTOR & »
Ny AMPLIFIER "
s n e s F19, Nuclear Magnetic Resonance Spectiophotometer ., .

1C-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 energ,:y levels appear for the proton whenitis
placed in external magnetic field Hy). |

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 H, 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 s‘t_l;'br_ng';?gffeqt.iyg 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)

(ii) Chemical shift. ~_ (Dec. 2007, May 2007, Dec. 2006)
' Ans. () Shielding and deshielding of protons : When the sample moleculeis 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 (Hp). Shielding
or deshielding results into chemical shift. In this topic we will be discussing the interaction 3
between magnetic field induced by ¢ electrons and H,,. :

Explanation : In the sample molecule sigma (o) electrons rotate around the nuclei.
When it is placed in the external magnetic field (Hy). 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 f;;om external magnetic field (Hy). ; f

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 3
the induced magnetic field opposes the applied field, then proton is said to be shielded. ° 3}
If the induced magnefic field ‘aligns with"applied magnetic field, then net magnetic ?

4
&
3

C O e T Fenn

e e Toe PO N

{| c=90

-

oudiiieu witl udii19(



—. ENGINEERING CHEMISTRY —

The MRI technique is used widely to detect physiological abnormalities and to
observe metabolic processes: With functional MRI, blood flow in different regions of the
brain can be detected and related to &u;,'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 :

_cna

) CH,CH,CHCl, (:ncncclcn - (m')CHl\

- P 3 ."_- "\ ~,-‘--,,-—'q.' ,:“..( .-.,."

A 7 "3 0o e, RIVEEE
| Ans. (/) CH,CH, CHCI,

cnzclf

-2"

()

., : { P At 2y My ‘b Ll £ 55
vyt . : (' K% BRI Ytei) T g (PRI e AP
(a) - (b) (c). ° ' g ¢ '

<+——S o, :
HIGH RESOLUTIONNMR - LOW RESOLUTION NMR

A

C-95
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" .. LOW RESOLUTION NMR HIGH RESOLUTION NMR 1
Q 23 (a)Give brief account on algmﬁcance bf thie chemical shift in NMR |
(b) Why TMS is taken as a standard for measunng che:mcal shift ? Can we take |
tetra ethyl silane as a standard ? ST B TR \
Ans (a) ngmfxcance of chemical shift : Chemical shxft gives us brief inset of the E
structural aspect of sample molecules suchias ;' - %
1. Chemical environment of the proton present irt sample molecular. :
2. No. of different sets of protons present ih a sample molecular, |
3. The nature of the protons eg aliphatic or aromatic nature of protons !
4. The presence of functional group can also be ascértained by lmowmg theSvalue |
of proton eg S value of protons in aldehyde and ketones are dtfferent hke : i
TR {
R tig . R
‘\c._a'T e '\
n,/ H/ ;
(Ketone) (Aldehyde) ‘
[
c-98'
/
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S value of protons of alkyl group (R,) is different from Svalue of,pf\oton and aldehyle.

t

(b) TMS is tatramethyl silane. o ‘-. '-.; A
. ' ' CHJ !“.
HJC_S'-'—CHg
.1\“\,\"'; | o " [ e i 3 2 --'!‘" ot
e 3 & ol » P A CHQ !

"1t is uised as standard for the following reasons :

1. All the twelve protons are equivalent. . e ;

2. Due to low value of electronegativity of si, the sl'ueldmg effect is maximum. So
maximum value of magnetic field is required to bnng the absorption ‘of energy of

motion ofthis So S = 0.
3 TMS is miscible with all organic solvents.
" 4. 1tis highly volatile. So the sample is’ ‘recovered- easily.
4" 5, It does not take part in any intermolecular assodahon with sample.

* Nowe can't use teh'aethyl silane: as standard because xf has two sets of protons and
hence two signals thh‘dxfferent sphttmg pattern will be obtamed so 1t won t be ¢ easy to
'measm'e S for the’ sample

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

<) . ‘ 1—"“ . (Nfay_2008)
,ooa o Me

" No of Pmlons , Sngnal
‘J(GH) = smglet

] n'

Ans. () Acetone

-
-

> ¢ . , “ g - o e . =gt o 4
s C4 o ) r reanie < 2liten s nininaa

T i e e
| |

‘ .
,(") Metny. llCOhO‘: No. of Protons ~ Signal
I a(3H) singlet
¥ b (2H) quarlet
= : ., ¢(3H) triplet
. 8()>d(®)>4d()
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(ifi) Benzene No. of Protons  Signal

a(6H) = 1singlet

MRl TR B J".‘: .
§— 6 | z ;
Q. 25. Draw and explain IH NMR ‘spectrum pattern for C1,CH-CHCI-CHCl,.
W— ,_(p‘ec,"zou)

a b a _— s arerteies
Ans. Cl, -CH-CHCI-CHQl, -3 27T
- L i : o ; = ¢ ] iy s z -.:'T ’.‘("
iD. ’l}}erg'a'r‘et't‘wo- set:s Of p:rOtom R Xy * " { ‘ videT .
a(QH) ‘ : z 2 eindde oim

b (1H) . 8005 ad v e st 6 Siive sl drsar 21 2T T
So there will be two signals and intensity for signal (@) will be more 't;l}an,(b) .

LE S e S IS SR NGNS EE B A1)
The electronegative effect on (a) set of protons will be more than on (b) so for this
reason deshielding effect will be experienced by (a) 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 (a). Set of protons to show flipping hence high value qugh_exr}ic;.l sh}ﬂ will

e

be shown " '~

ie: 8,>0,, ' wl(2)
According to n+1 rule the splitting pattern can be explanined as :
For (a) set of proton :, n+l1=1+1=2
- Soa gjt?uﬁlit_ appe.an':'folj (a)and .(3)
For (b) set of ]Stétggi;c, o =n+l=2+1=3
So artri.plet appéafé for (b) el St -
On combining results as shown in (1), (2) and (3)
g 3L
> o rl 5 Iy
I Tlie } .:; ' -TMS '
Je " (tac —

\
|
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