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BACHELOR OF SCIENCE (B.Sc)
Term-End Examination

June, 2010

CHEMISTRY
CHE-10 : SPECTROSCOPY

Time : 2 hours Maximum Marks : 50

Note: (i) Attempt any five questions. All questions, carry
equal marks.
(i) Use of Log Tables and non-programmable scientific
calculators can be allowed.

N, =6.022x10%3
h=6.626x1034 Js

c=2.998 X 108 ms -1

1. (a) Whatis meant by spectral terms ? Howare 5
the term symbols designated ? An atom in
its ground state has a term symbol 2 3P2.
What do the letter P and the prefix
2 signify ? Also state what do the
superscript 3 and subscript 2 in
2 3P2 denote.
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2. (a)

(b)
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(i) Define the proper axis of symmetry in
a molecule and illustrate with suitable
example.

(i) Identify the symmetry elements
present in trans-1, 2-dichloroethylene.
What is its point group ?

Give the expression for the rotational energy
of a rigid diatomic molecule, in terms of .
What do its various terms indicate ?
Calculate the term values of first five terms
and draw the energy level diagram.

The energy expression for an anharmonic
oscillator is given by :

1 1)?
E = hvy, (V + —2—) — hvsee Xe (V + 5)

where v, is oscillation frequency and , is
the anharmonicity consultant.

(i) What is the ground state vibrational
energy of the anharmonic oscillator ?
Compare it with that of a harmonic
oscillator.

(ii) For an anharmonic oscillator, find the
energy difference between the two
energy levels corresponding to V=1
and V=0, respectively.
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3. (a) If the rotational constant of 'H3°Cl 4
is 10.54 cm~1, what is the value of
the rotational constant of 2D33Cl ?
The atomic masses of ™H, 2D and 3°Cl are
1.673x 10~ %" kg, 3.344 x10~ %’ kg and
58.06 X 10~ % kg respectively. \

(b) What is meant by normal modes of 3
vibration ? What is the total number of
normal modes of vibration for linear and
non-linear polyatomic molecule ?

() What do you understand by group 3
frequencies ? Explain the effect of hydrogen
bonding on the stretching frequency of a
carbonyl group. Give an example.

4. (a) Explain the following : _ 3
(i) Rayleigh scattering.
(i) Stokes lines.
(i) Anti-stokes lines. . )

(b) Draw the block diagram of Raman 3
spectrometer.

() The moment of inertia for . hydrogen 4
molecule is 4.600x10 ™% kg m2. Calculate
the spacing between the S-branch lines in
its Raman spectrum.
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5. (a)
(b)
6. (a)
(b)
(©
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Draw the molecular orbital energy level
diagram for a polyatomic molecule. List the
possible electronic transitions. Which
transitions will require the highest and the
least amounts of energy ?

Explain the difference between d-d
transitions and charge transfer transitions.
Give one example for each of them.

A low resolution NMR spectrum of a
compound with molecular formula C;H;Cl,
shows two signals with intensity ratio of
2 : 1. Another compound with the same
formula exhibits only one signal in NMR
spectrum. Identify these compounds.

Give the fundamental equation for the
resonance condition in ESR spectroscopy.
What is the significance of various terms
appearing in this equation ? How many
lines are observed in the ESR spectrum of a
Hydrogenation.

Explain the origin of peaks at m/z 70 and
59 in the mass spectrum of
2-methyl-2-butanol.

OR

Name the three methods of ionisation used
in mass spectrometry. Discuss any one
method in brief.



7. (a) A compound having the molecular formula 6
C5HgO; shows the following spectral data :
UV spectrum-A_ . : 262 nm
IR spectrum : 2300—3333 cm ™! (very broad),
1715 very strong

NMR spectrum (3) : 2.12 (S, 3H),

2.60 (S, 4H),

11.0 (S, 1H).
Mass spectrum (m/z) : 116 (M),

43

Assign the structure of the compound and
explain your answer.

(b) (i) Name the type of containers used for 4
sampling in infra-red and UV-visible
regions.

(i) Match the items of Column A with
those of Column B.

Column A Column B

Microwave spectrum Golay cell

Raman spectrum Quartz crystal

IR spectrum Photomultiplier
tube
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fagm wae (Sowadt)
|Aq wer
ajr, 2010
A faae _
Wu=m3-10 : Wit
gHg ;2 U 3fyFaq 3% : 50
e ;. fEE wa g & ST Tt g9 F S guE &
ST AR a1 79 JHET qiERfEE dogad &
T3 ®1 AT 5 G 81

N, =6.022x 102
h=6.626x1034 s
c=2.998x108 ms—1

1. (@ ‘OefiE'wwmadd? gydsiwfeg S
&R frefya fem s 37 foeelt o =t
IEt e § 2 °p, R-wdiw ¥ TWH P
3R qdera 2 1 6 A €27 9 € 7w o
Fare fo qufs 3 iR uRiw 2 T guia ¥?
) @) Tt o F fau gafuf ¥ sfaa e = 5
wftsnfa siferg ok S Sfea e g
wi¥ia i) ,
(i) 2E-1,2-SRFARIRA § Sufeaa gafafa
@ & fafaw | o fag-wqg 7= 2
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2. (a)

(b)
3. (a)
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foreht 33 fgmamop 7] % fore <ol <ot 1, ©
¥ T ¥, =ivw fofan) o9 o 9 fafvm
1e =1 frefua @ §7 98 U e & fag
& ¥ IR TR FiT SR Fel-wR RE
FAEY |

T STHAR e ¥ fer st =t Frefataa
2

1 1\
E = hvge, (V + E) = hvyseXe (V + 5)

e, Qe ST & S, S feeian

]

(i) ATHATR! VA FHI HETE H H9E Sl
FR? TR GO FEAE JAE B
i el § FIfT |

(i) STHard ek F fAg V=1 3R V=0
T Het Tl % Sl Hott SR FI Hifw |

7fg 1HBC1 =1 ol feerlis 1054 cm ™1 % @@

21 & ol feeriw &1 79 F0 AM?
1H, 2p 3R 35C] & WU THEE HAM:

1.673x10~%7 kg, 3.344 x10~%7 kg i3

58.06x10"% kg &1
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(b) &9 @ W fawel @ oo 7 Yaw 3
AR itfas Tg-TvE oupeh & forg 9T )
g fauell | Fo gen wm §?

(c) W AGgfadi | oY o T9ad €27 Feife 3
TR I 777 G W IRIINH T F JUE
FI AT HITY | T o e ot A

4. (a) T=fafaa %t =mem i 3

() &yt
@) ErE
(iii) Ifa-Rre W@

(b) THA HFRHATd & WS ARG JE| 3

(c) TS Y % foIg Srge e 4
4600x10" 8 kg m? ¥ THF T WagH U
S-vET T@st &t wt gl ufwier wifw

5. (a) WE-WHE Y F faAw o] Sl W M@ 6
ST Fl Hua sl WA @1 g
sARY| few wwH % fau weifys ik fras
o teqam et #1 savasa At |

(b) d-dHHAON AR AN TR GHA F = 4
HR qARYI TIF & 0 TF-TF I{eww
e |
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(b)
(c)
7. (a)
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C,H,Cl, 319 g 5 A &1 fre-fadea
TA.TH.3R. 2: 1 taar 19 a1l 3 §ha weidfa
FA T TR A I T TH o Afw F
TA.TH.3R. Wagd ¥ %hael U Gad Teiia aar
?1 3 Al #F vg=E FRT)
3TH.AR. Wi § o i feufy & fog
o Gt ST 38 st & fafim ol
T T QIAHAT ] ? TESI TTAN % 3. TR,
Wz ¥ frat and weifa ddt €2
2-Afe-2-s52Ta F FHE Tagd W m/z 70
3R 59 R wm e’ &1 scafa it =en Fifae |
q7
TAE Wagathfa § w3 sttty & dF
fafe=l & W sage ok fHdt & fafa &t
dfiw e wifa |

CsH, O, o1l T difirs frafafaa wagst
T WEgH - A, 262 nm
HATH WTH : 23003333 em ! (3 o),
1715 cm (314 Y=A)
TATHAR. TR (3) : 2.12 (T, 3H),
2.60 (TH®, 4H),
11.0 (W&, 1H),
T WERH (m/z) : 116 (M),
43 @ =+t g fruifa |y ok o
I H A FifT
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b) () o st wEE-ge & & vhed 4

F T 9 IE & YRRl F A TR
(i) = wlem-'w' IR wem-'@' d § T
THFER % FEl S IRy
Faq-‘&’ Fiow-'@T’
[ T TRH Tl HITSH
FITH HagH RISt
Hadfw Afaar
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