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QUESTION 1 [25 MARKS]

a) Calculate the frequency in wavenumbers of the line in the spectrum of a Li** ion
that is emitted when the ion makes a transition from the stationary state n=2 to

the ground state [4]
" b) State whether the following transitions are allowed or forbidden. Give reasons for

YOUr answers,

I, 3d«2s and 3p«1s [3]
i. 'D'Sand P3Py [3]
c) the term symbol for particular states of different atoms are quoted as follows:
i sy
i “Dn
i. Py
Explain why these are wrong [9]
d) Give term symbols for the following
i The lithium in its first excited state:1s?2p’ [3]
ii.  Ground state scandium:[Ar]3d'4s? [3]

QUESTION 2 [25MARKS]

a) The fundamental and first overtone transitions of N0 are centered at‘ 1876.06
and 3724.20 /cm, respectively. The atomic masses for "N and '°0 are 14.0031 u
and 15.9949 u, respectively. Calculate

i.  The equilibrium vibrational frequency - [3]
fi. The anhamornicity constant [3]
iii. The exact zero point energy in kJ/mot [3]
iv.  The force constant of the molecule [3]
b) Compare the species O,", O, and O,% in terms of the ground state configuration,
bond order, stability, bond length and magnetic properties [13]

QUESTION 3 [256MARKS]

a) Give the gross and specific selection rules for pure rotational spectroscopy[4]
by Which of the following molecules show pure rotational spectra? Explain your
choices
i.  Hy, HCI, CH3Cl, CH,Clp, H20, NH3 [6]
¢) The average spacing between adjacent lines in the rotational spectra of "H'F is
41.912 /cm. Calculate the bond length of the HF molecule. [given that the atomic
masses are 'H =1.0078 u and '°F = 18.9984 u] [8]



d) Assuming the bond length is independent of isotopic substitution; caiculate the
spacing between adjacent lines in the rotational spectra of H'*F. Atomic mass
’H=2.0140u , [7]

QUESTION 4 [25MARKS]

a) Write down the rotational energy levels of a diatomic molecule assumed to be
rigid [3]

b) What is degeneracy? What is the physical interpretation of this degeneracy

[3]

c) Obtain a generai expression for the change in energy of the R-branch in HCI in
the lowest vibrational state [4]

d) The highest temperature microwave spectrum of **K¥C| vapor shows an
absorption at 7687.94 MMz that can be identified with the J=0 to J=1 transition.
Calculate the moment of inertia and the bond length of KCI. [Atomic masses are
9K =38.9637 u and *°Cl =3409688 u] [15]

QUESTION 5 [25 MARKS]

a) Give the number of vibrational modes of the following

. S0,
i, CaFq
iii. CCly [3]
b) Sketch and name the vibrational modes of SO,. Indicate which are IR and which
are Raman active [6]
c) Explain how you can use infrared and Raman spectrescopy to determine the
structure of a triatomic AB, molecule [6]
d) State the selection rules for rotational Raman spectroscopy [2]

e) The pure rotatiorial Raman spectrum of "N, shows a spacing 7.99 /cm between
adjacent rotational lines.

i.  Find the value of the rotational constant B [2]
i. What is the spacing between the unshifted line vex and pure rotational
lines closest {o vay [2]

ii. 1f 540.8 nm radiation from an Argon laser is used as the exciting radiation,
find the wavelengths of the two pure rotational Raman lines nearest the
unshifted lines. [4]

Total Marks /100/




General data and fundamental constants

Quantity

Speed of light
‘Elementary charge. .
Faraday constant
Boltzmann constant
(Gas constant

. Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neutron -
Vacuum permittivity

Vacuum permeability

Magneton
Bohr
nuclear
g value .
- Bobhr radius

" Fine- stmcmre constant

1074

A #'4né;ﬁ/m‘e?
Ca=pef/2h

femto pico.

Symbol
c

£
F=N,e
k

R =N,k
h
N=h/2n
N, -

u

m,

Iy

g

g, = 1/c7)L,
4me,

He

py = ef/2m,
Hy =eN/2m;
ge '

- Rydberg constant o R..%—*m,e“/Sh’cg'f
Standard acceleration '
of fiee fall g
.- Gravitational constant . G
Conversion factors
leal = 4184joules () lerg
eV = 1.6022X 1077 1 eV/molecule
Prefixes 1 n TR

pano micro milli
107 we 107

Yalue

2.997924 58 X 100 m ™

1.602 177X 10" C

9.6485 X 10 C mol?

1.38066 X 10™J K

831451 7K mol* =~ =
8.205 78 X 107 dm® atrmy X7 mo!”
62364 X 10 L Tor X! mcﬂ .
6.626 08 X 107 I s
1.05457 X 10% T s

602214 X 10® mol?
1660 54 % 107 Kg

. 910939 X 107 Kg

1.672 62 X107 Kg
1.674 93 X 10" Kg
8.85419 X 10" I CPm™!
1.112 65 X 107° 1! C* !
4n X107 C mt

4 X107 TP m

9274 02 X 10T T

505079 X107 I T
200232 -
5291 77X 10" m

- 729735X10°
1.09737X 107 m

9.806 65ms?
6.672 59 X 10" Nm* Kg?

= axw'ry
= 56 485 kJ rol’

c d ko M G
centi deci kilo mnega gla
0" 10t 1 10° 1
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. PERIODIC TABLIE OF ELEMENTS

() z’ng’ica!es the mass number of the isofope with the longest half-life.

o GROUPS -
) 3 4 6 7 8 o [ ol vl 2] 13| 14 ] 15 | 16| 1771 18 |
VERIODS | 1A A | B | VB | ¥B | VIB | VB VIlB B (B | A | IVA | VA | VIA [ VIA | VitiA |
LODK o R S T ; pRTEIN
16941 | 012 Alomic mass—¥- 10.801 | 12011 [ 14,007 | 15.999 | 18.998 | 20.180
2 Li* | Be Symbol i3 B C N 0 F | «Ne
| S Alomic No. |7 S I 8 g 10
22.990 | 24.305 o : : ‘ 26:982 | 28.086 | 30.974 | 32.06 | 35.453 | 39.948
3. | Na | Mg " TRANSITION ELEMENTS Al | Si P S CI 1 Ar
o2 ; o T ‘ , 13 14 t i6 17 I8
] 39.098 40.()78 44,956 | 47.88 | 50.942 ?!.996 54.938 | 55.847 | 58.933 | 58.69 163.546 65.39 . 69.723 | 72.61 74,922 | 78.96¢ | 79.904 | §3.8C !
4 K Cn Se Ti Y 1 Cr Mn -} Ie Ca Ni Cu Zn { Ga Ge As | Se Br Xr |
i9 206 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
85.468 §7.62 | 88.90G6 | 91.224 | 92.906 | 95.94 | 98.907 [01:07 | 102.94 10642 | 107.87 | 11241 | 11482 | 118.71 | 121.75 | 127.60 | 126.90 | 131.29
5 Rb | Sr 4 Zr | Nb | Mo | Te | Ru | Rh | Pd | Ag | Cd |-Ji | Sn | Sb | Tc I Xe.
. 37 38 39 40 | 41 | 42 43 44 45 46 47 48 | 49 50 51 52 53 54
132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 186.31 | 190.2 | 192.22'| 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | @Iy | (222
6 S Ba | *La | Wf | Ta | W Re | Os Ir 1 Pt | Au | Hg | TI Pb Bi Po At Rn
55 56 57 1 gL 75 76 77 78 79 80 | 81 52 83 84 85 86
223 226.03 (227} (261) (262) {263} (262) (265) '} (266) (267) '
7 I'r Ra | **Ac | RS Ha | Unh { Uns | Uno | Une | Uun
87 88 g9 104 105 106 107 . 108 109 1o
, 140.12 [ 14091 [ 14424 | (145) [ 15036 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
*Lanthanide Series Ce | Pr | Nd Pm Sm Lu Gd | Tb Dy Ho Er Tm Yh Lu
: 58 59 | 60 61 62 63 64 65 66 | 67 68 69 70 71
N ]
47 clinide Scries 23204 | 231.04 | 238.03 | 237.05 | (44) | 43) | 4n) | @41 | @sh) | @52 | @57y | (258) | (259) | (260)
Th | Pa | U Np Pu | Am | Cm | Bk Cf | Es | Fm | Md | No Lr
90 91 92 -] 93 94 95 96 97 | - 93 99 180 | 1o 102 | J03



