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2. Answer the following questions 2x4=8

(2)

Let the spacings between the adjacent
molecular electronic, vibrational and
rotational levels pe A€ glecs AEvip and
Aerot. Arrange tha.ge spacings in
increasing order,

State how the Spectral line is affected

by the lifetime of {1, excited state of
a molecule.

In the mass Spectrum of a primary
alcohol, a strong pcak is observed
at ZL=3], Identify the species
corresponding tq this peak.
Or

The EI mass Spectrum ©of an organic
compound Ccontainj, g C, H and N shows
the molecular ion peak with even mass.
What informatiOn can be drawn
regarding the nupmper of N atoms in
the molecule fr0n1 this observation?

Write the Seleotjon rule for pure

rotational Ralna_n spectrum of
a diatomic Moleqy e

In the IR Spect“um of pure butan-1-o],
a broadband is Observed within the
range 3500 om-1- 3200 cm”!, But
a dilute Solutjy,, of the compound in
CCl; shows an additional band at
3650 cm™!, Explain this observation.

( Continued )

(b)

(c)

(d)
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(3)

Or

Write hoW You will distinguish between
acetone and acetic acid by using
IR spectrosCopy.

Calculate the energy difference in joule
between th€ two rotational levels of
a molecule if it ahsorhs a photon of
wavelength 10 cm,

In mass SP€Clrometry, it is generally
observed that a mglecylar ion with
even mass cl€aves tq give fragment ions
with odd ™&SS ang vyjce versa. But
the ElI maSS spectrum of pentanal
(molecular mass =86 a.m.u. shovnfs
a strong PeAK at m _44 Explain this
observation-
Or

The masS SPeCtrum of an organic
compound Cor;faining chlorine shows
two peaks al 7 values of 64 and (?6.
The peak & 3 =66 is of one-third
intensity as'compared to the peak at
m _ 64, which  one ghould be the
riloleculal' jond De:ak'_; Account for the
origin and intéNsity of the other peak.

Discuss about the fragmentation of
acetone t0 shOW the formation of the
species respoSible for the base peak.
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(b)
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3. (a) Answer either (jjanq (ii) o (i) and (iv) :

() The energy of a hypothetical
quantum mechanical system is
giveln by an(n +4), where a is some
positive constant and n=1,2,3, ---.
The selectiop rule is An =+3. Find
a general €Xpregsion for the energy

required for the transition to take
place. 2

(i) Explain hgy, the path length of
sample affecty the intensity of
spectral ling 2

(i) Taking the example of HCI, explain
how the component of dipole
mox_‘nent alﬂng 5 particular direction
varies witp time due to rotation
of the moleqy. 3

(iv) A monOChrOmatiC radiation of
wavclength 400 nm is allowed to
pass through a solution with
concentratiy, » mol m™ taken in
@ curette . ; cm width. The
.solution transmits 20% of the
1nc§dent Tadiation. Calculate molar
extmction Coefﬁcient' 2

In mass Spectmme try, ions are detected

aCC.OI‘ding o their mass-to-charge 7

ratios. Deduce He expression for e

\.and hence €Xplain hOW the different

ions are dEteete q 9HO=5

] ( Continued )

(c)

4. Answer either (@)

(@)
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(5)

Answer either (1) or (i) and (i :

(i) The fundamental absorption and
the first overtone bands of HCl
appear 26 2886 cm ™! and 5668 cm ™
rcSpectively- Calculate the force
constant ©of the bond in HCL
The atomic masses of H and Cl
are 1:008 2.m.u. and 3545 a.m.u.
respectively.

(i) The c—H stretching of an alkane
appears 2t 2960 cm™'. If the
Raman SPECtrum of the compound
is obsﬁf"e‘i using a monochromatic
radiatio®* of 435-8 nm, predict the
wavelel’lgth of the Stokes line
corresponding to this band. 3

(iii) Write ho¥ You can differentiate
between the following two
structures by using IR and Ramarn

spectroscOpy ; %

AN

I B

and (b) or (¢) and (d) :

Discuss the origin of the P and_ i
branches 11 _the rotation-vibration
spectrum of a d1atomic molecule. Show
schematically the P and R branches.!-le y
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(b) Write the

()

(d)

(6)

quantum  mechanical
theory of Ramap spectroscopy. Show
schematically the Rayleigh lines, Stokes
lines and anti-Stokes lines. G+1=5

Considering the diatomic molecule to be
a rigid rotator, geduce an expression
in wavenumber pit for the energy
required for Totatipnal transition to take
place. Explajp how the spectrum will
differ if the Mmolecule is considered to
be a non-rigiq rotator. 3+2=5

Find the Norm,) vibrational modes
of CO,. Out of these, how many are
stretching and pow many are bending
vibrations? Explajn which vibrations are
IR active and wp;ch are not. 1+1+3=5

;AJ 5. Answer either (a), (b) and {C} or (d), (e} and m .

(a)

(b)
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Write the Selectjon rules for electronic
transition in diatomic molecule,
The Vibration R i ansitions along with
felectronic trangjtion Aare represented
In terms qf W o) numbers. Explain
how the Van'ati(;n in intensity of (v’, v”)
transitiong can be expla—ined' 1+4=5

The photoe1ectro n ejected from N, with
a radiatigy, bt Wavelength 5843 nm
has kinetj, en of 5:63 €V. Calculate
| e
the 10n12ati0n enerey of Ny. 3

( Continued )

()

(@)

(e)

(7))

Write how a Polar solvent affects the
n—n° transition of a compound. 2

Name the main electronic transitions
observed in Organic molecule and
indicate the regions of wavelengths
where these transitions may be
observed. Name the  electronic
transitions that may be observed
in carbonyl chromophore. Define
auxochrome. 3+1+1=5

Explain which  of  cthene and

hexa-1,3,5-trien€ will have the higher

Amax value of T—x* transition. What

do you mean by redshift of A, value?
2+1=3

Using the Woodward-Fieser rules,

predict the Amax Value of the following

compound :

2

6. Answer either (@) and (b) or (c), (d) and (e} :

(a)

A9/716

Show Schemaﬁcaﬂ){ how the spin states
of an electron split up in an applied
field. Find the energy
ent the two spin states.

ne in ESR spectroscopy
1+3+1=5

magnetic

difference bet‘ge
o do

State what 18

in order to get the Spectrum.
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(8)

(b) Consider the 'H NMR spectra of the
following compounds :

(i) Cl1,CHCH,CI
(ti) CICH,CH,Cl
How many signals will be shown o
each of the compounds? Which protons
will show resonance at the highest
downfield and why? Explain in which
of the compounds spin-spin coupling
will be observed and show schematica]

ly
the splittings of the signals.

1+2+2=5

(c) Explain what you mean by diamagnet;c
shielding in 1}{ NMR Spectroscopy.
Deduce an expregsion for the chemijca]
shift. State why chemical shift values

are independen; of the applied magnetic
field or frequmcy_

- 2+2+1=5

(d) Calculate the strength of magnetic field
at which g free proton will show

resonance Whep, a radiofrequency of
100 MHz ig Used

2
Given [¢] for pfOton = 5.:585 and
By = 5-047y 127 g1t
fe) Discuss abOUt the hyperfine structure
of the ESR Spectrutl of H-atom. 3
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