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Short Questions with Answers
Define the term ‘spectroscopy’. . ‘

Spectroscopy involves the interaction between electromagnetic radiation and the Subs;;
under investigation.

Why is absorption and not emission spectroscopy used to study the spectra of oy,
compounds?

Emission spectroscopy cannot be used since the emission of radiation from ap org
compound requires very high temperature. Organic compounds are low melting and t
generally decompose at high temperatures.

What is the effect of ultra-violet or visible light on the organic compound?

When the substance under investigation is subjected to the action of UV or visible radii
then it causes changes in the electronic energy levels within the molecule.

What do you mean by absorption of radiation in a spectrum or a record?

Absorption of radiation at a particular wavelength leads to decrease in the per
transmission to appear in the spectrum as a dip, called a peak or an absorption ban’

What do you mean by a spectrum or record of the spectrum?

The spectrum of a compound represents a graph of either wavelength or freque”
continuously changing over a small portion of the electromagnetic spectrum versus ¢
percent transmission or absorbance.

Define Absorbance.
Absorbance is a measure of the absorption of radiation by a sample

A = log (Wﬂ) = fop L e,
Intensity Ji
What is the effect of hydrogen bonding on yltra-
Hydrogen bonding shifts the ultra-violet absorptions
What do you mean by a good solvent in Uy spect
absorption maximum?

A good 80136"‘ " %“a"“g‘elt } ible spectroscopy s one which is low priced
transparent own <7 M- Folarbonds like carbony] gre affected by solvent polarity "
increase in solvent po]anty,_fjf = ¥ transitiong undergo hlye chi}‘t ‘towards short Wl
length) while % — 7* transition undergg reg shift 2lue shift (

g, Tell whether a molecule can undergo oy, than one electronic shift

yns, Depending upcn the wavelength of |ighy used, a molecy) | }

violet absorption?
to shorter wave lengths.
roscopy and what s its effe¢’

¢ ehe DOST
€ can undergo all the P
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electronic transitions. For example, acetaldehyde (CH,CHO) can undergo ™ — T¥,
n - n* o - n* n— o* and 1— o transitions.

~ What happens to the excited molecule when radiation is cut off?

In that case. the excited molecule gives off energy and returns to the ground state. The
process is called deactivation. The excited molecule may undergo a chemical change
depending upon the nature of the molecule. Cis-trans isomerisation is an example of the
type.

For the detection of aldehydes and ketones, which transition is more authentic,
T — ¥ or n — T*.

n — m* with low value of extinction coefficient (€ ).

. Describe the shift in absorption (»— m*) when a more polar solvent is used.

When a more polar solvent is used, the excitation of » electrons to 7* orbital requires
more energy. Thus, the shift is towards shorter wavelength.

How will you distinguish between cis and trans-1, 3, 5-Hexatriene.

The structure of hexatrienes are:

CH, = CH\_ H

CH = CH, H,C = HC “CH =CH,

(Trans) (Cis)
cis-isomer absorbs at lower wavelength, because the bulky groups on the same side cause
repulsive interactions resulting in the reduction in conjugation.
Which spin state is observed at the instant of excitation?
Excitation occurs very rapidly (<1 0 s) and thus, there is no time for the excited electron
to change its spin (Franck Condon Principle). Clearly, singlet ground state (S;), gives
singlet excited state (S)).
For which isomer, T — T* transition occurs at high wavelength and higher extinction
coefficient: cis-stilbene or trans-stilbene.

_ Trans-stilbene absorbs at higher wavelength. The reason is that coplanarity is needed for

the most effective overlap of m-orbitals and thus, increased ease of T — * transition. It
is possible in case of trans-isomer.

What structural features may produce bathochromic or hypsochromic effect in an
organic compound?

A bathochromic or red shift is caused by the change of solvent or the presence of an
auxochrome. A hypsochromic (or blue) shift is caused by the change of solvent or by the
structural changes such as reduction in conjugation.

' Aniline absorbs at 280 nm (€ 8600) but in acidic solution, the main absorption

A vk
A US,

band is seen at 203 nm (€, 7500) which is comparable to benzene. Explain.

In the acidic medium, aniline is converted to anilinium ton. Thus, due to removal of
conjugation of lone pair of electrons on mitrogen atom of aniline with 7-bond system ol
benzene. the hypsochromic shift takes place.

. Which out of benzene (colourless) or quinone (yellow) has more e sily promoted

elecmms?

iv. Quinone.
. Why the A

for the diene (1) is observed at lower nm than 117

max

P N sy Vi
A\ \ . R /
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i w stituents. In diene I
In both the dienes, there are four ring residues ?szu;:ighef by 2 ¥ 5 nm or}iﬁ”",
double bonds are exocyclic. Thus, A, for 1T wil ot

Which of the following compounds would be suité:jbl.)e or unsuitable as 5 Solvg,, :
US€ In recording UV spectra of organic compounds= thyl ether.

(@) Cyclohexane (b) Todoethane (c) benzene (d) d.led k;ence S —
Cyclohexane or diethyl ether do not absorb above 200 nm an_ nnot be used N e
But benzene and iodoethane absorb above 200 nm and thus. Cz ir labelsb' . SO%‘\“
Following four ketones are filled in four bottles alldft er bottles &'Tle A M
Measurement of ultra-violet spectra of the contents of. ou 3 give )\m: 3
249, 237 and 258 nm. Assign structures to the appropriate A, .

0, RO cH
f%j} ) nc’  |COCH, CH,—CH.—C gy,
M w © o @)
(i) For compound I
Basic value = 215 nm
one o-ring residue = 10 nm
two f-ring residue = 24 nm
exocyclic DB to two rings = 10 nm
M = 259 nm
(i) For compound II
Basic value = 215 nm
one c-alkyl = 10 nm
one B-ring residue = 12 nm
Amae = 237 nm
(7ii) For compound I1I
Basic value = 215 nm
one v-alkyl = [0 nm
two B-alkyls = 24 pm

~ e —————
Ae = 249 nm

My
(71) For compound IV
Basic value = 215 nm
one a-alkyl = 10 pp

Anz.n = 225 nm

Calculate the concentration in ng ml"'nf as .
; . Solution of ande = o
211.2) in 0.11 M HC(l giving an absorption g " Organic compound (mol

The molar absorptivity at 281 mp j 5372 may 281 nm of 0,612 in 4 em
We know the relation: A= gel
Substituting the values, we et

0.612 = 537
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The following triene on partial hydrogenation gives three products,
separated by chromatography. How can you identify the products by the
of woodward-fesher rules.

U L j + H, (1 equivalent) LN | T J [\/\J/ J U )
Y L o N ’ @\,::/ :‘\\\Q; / ’ 3 \./
(h

N o
an (i
() For compound |
Basic value 253 nm
3 Ring residue = 15 nm
I exocyclic DB S nm
Ay = 273 0

(iiy For compound Il

Basic value = 214 nm
3 Ring residue = 15 nm
1 exocyclic DB = 5 nm
A= 234 nm

max

(ii) For compound 11l

As the compound is not conjugated, Aoy OCCUTS bElOW 200 nm.

How will you identify the following compounds from the given spectral data.
Ay 296 DM, €0 10700 and A, 281 nm, €, 208007

Z /O Z /O

M (I
We see that the compound with Ay 296 NM has half intensity as compared to the other
compound. The decrease in intensity is due to steric hindrance by methy! group and its
effect on the absorption of conjugated system. Thus, the compound | has decreased

intensity.
Benzene is colourless but its isomer, fulvene is yellow. How will you explain it?

The formula of fulvene is |___ >=CH,. It is an isomer of benzene (C¢H). Resonance
stabilises the ground state of benzene compared to its excited state whereas fulvene is
stabilised in the excited state. Thus, the electronic excitation energy required for fulvene
is lower than that for benzene. As a result of this, fulvene absorbs at higher wavelength
which makes it yellow in colour. Benzene absorbs at lower wavelength and is colourless.

't o-Nitroacetanilide is deep yellow but para-nitro acetanilide is yellow. Why is the
colour of ‘o’-isomer deeper?

... The ortho isomer exhibits intramolecular hydrogen bonding whereas the para Isomer
shows intermolecular hydrogen bonding. Internal or intramolecular hydrogen bonding
stabilises the excited state of a molecule to the greater extent than the intermolecular
hydrogen bond. Clearly, the electronic excitation energy required for o-isomer is smaller
and thus, absorption occurs at longer wavelength and result in deepening of the colour.
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B B— e ),
’" Why is Indigotin dark blue in colour? . B ,
‘04 The trans form of indigotin can be written as 0 the following resonating SU‘UCIUN:;

0--~H

H----0
Indigolin (Trans form)
(In

8
The resonating structure II is more stable in the excited state. Also the interna] hy iy
Thus, the transition from HOM(?‘

bonding gives further stability in the excited state. 11 o Oy
LUMO is very low. As a result A, for the electronic transition 1s high ang indiy,

shows dark blue colour.
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Philadelphia, Pa.
B.M. Trost, Problems in spectroscopy : Organic structure determination by NMR U
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oninommmne|  REVIEW QUESTIONS s o

'. (a) Define Electronic spectroscopy. What is its absorption range? Write the relationship b0
wavelength, frequency and wave number,

(hy Calculate the energy associated with the radiations having wave number 3 x H)4 pet <
', (a) What arc absorption laws? How is an ultraviolet spectrum plotted
(h) Explain quantisation of cnergy. '
: (c) Write a short note on Electromagnetic spectrum,
4. Descnbe briefly how an ultraviolet spectrum can be scanned for a pure oreanic compound’ W
are absorption bands formed instead of sharp lines in the Spccn'x‘mt"m e st
4. (@) Detail the chemistry of electronic spectroscopy. Give the v - ' e m e ol
~in this technique with one example in each &ji!su - Vdnous types of transitic
B () Explain the effect of polar solvents oy (7 5 1 and
& {a). Define the following terms -
- {j) Bathochromic shift (ii) Hyps

> ¥ transitions.

| sochromic shiy
(D A Chromophore g yperci »
i omoy () Hyperchromic effect,
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