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Question 1 [25Marks]

a)

b)

c)

d)

Briefly explain why the 2s and 2p subshells are degenerate in the H-atom but are
not in an atom with two or more electrons [6]
Define the quantum numbers L and S as applied to atoms, indicating the kind of
values they may have. State their physical meaning in quantitative terms. Under
what circumstances or conditions are L and S no longer valid as quantum
numbers? State the reason for this [7]
The calcium atom has an excited state whose electron configuration is
[Ar]3d'4s’.

i}.  Obtain the complete term symbol for this state and the ground staie [6]

i).  Discuss the possibility of spectroscopic transition from the excited state to

the ground state. [2]

State whether the following transitions are allowed or forbidden. In each case,
give a reason.

), 3d—2sand 3p—1s for the hydrogen atom 2]

i). 'D—'Spand ®P4—?P for a carbon atom ' [2]

Question 2 [25 marks]

a)

The spacing between two adjacent lines in the rotational spectrum of carbon
monoxide is 1.15 x 10"'s™. Calculate

).  The moment of inertia of the CO molecule

ii).- The internuclear distance [8]

(The atomic masses for C and O are 12.000u and 15.9949u respectively)

The rotational constant for H®Cl is observed to be 10.5909cm™'. What are the
values of the rotational constant, B for H¥Cl and for D**CI? The atomic masses
are H=1.0078u, 2D = 2.0140u, *°Cl = 34.9688 and ¥Cl = 36.9651u 8]
The fundamental and first overtone of N0 are at 1876.06 cm™ and 3724.20
cm’, respectively. Evaluate '

).  The equilibrium vibration frequency and the anhamornicity constant [3]



T
N

ii}.  The exact zero point energy

i),  The force constant of the molecule [2]
iv).  The approximate bond dissociation energy of the molecule [2]
(the atomic masses of N = 14.0031u and "°0 =15.9949u)
QUESTION 3 [25 MARKS]
a) Consider the molecule B, (Z = 5)in its ground state and determine
).  The molecular orbital electron configuration [2]
ii).  The bond order ‘ [2]
iii).  The term symbol 2]
b) Use the electron configuration of NO and Nz to predict which is likely to have a
shorter bond length (atomic number for N =7 and O = 8) (4]
¢) Define the word laser. What is the main advantage of a four laser-level laser over
a three-level laser? : [5]
d) In the photoelectron spectrum of Oy, usihg 58.43nm light, electrons with kinetic
energies 5.63 eV and 5.55 eV are observed. What are the ionization energies of
these electrons (1eV = 1.602 x107°J) [5]
e) Suppose that the maximum molar absorption coefficient of a molecule containing

a carbonyl group at a concentration of 1.00mol/L is 30Lmol'em™ near 280nm,

calculate the thickness of the sample that will result in half the initial intensity.

[5]

Total Marks [75/




General data and fundamental constants

- Quantity " Symbal

Speed of Light
‘Elerentary charge

G
&
F
Boltzmanun constant ~k
R

Faraday constant =N,e.
(Gas constant =N,k
- Planck constant ' h .
' . " h=h2g
Avogadro constant - N,
Atomic mass unit pl
Mass .
electron m,
profon S my
_ neutron Sm,
Vacuum permittlyity g, =1/ LTI
oA,
Yacuum penmeability 1
Magneton
Bohr Ha = eN/2m,
nuclear | Hy = el/2m, .
gvalue: - g L
., Bobrradius-.  © o g ='dme fi/m, e
L Fine-structure copstant | = p.e’c/2h
. Rydberg constant . R m,e/8h'cs >
Standard acceleraion _ L
- of free fal) g
Gravitational constant . = G
-Conversion factors
leal = 1 4184joules (7)1 erg
leV:- = - 1602 22X 1077 1 e¥/moleciile
Prefixes . " ' n 4  m.

femto pieo.. nano micro mill
1D~15 1 0-11 10-9 1 0-6 1 0-3

Yalue

2597924 58 X 108 m 57!
1.602 177 X 107° C
9.6485 X 10' C mol”!
1380 66 X 10 7K
8314 51 IX ! molt

| 8.205 78 X 107 dm’ atm K raol! |

6.2364 X 10 L Torr X! mmol?
6.626 08 X 10™ 7 5

1.054 57X 10% T 5

. 6.022 14 X 10 molt
1.660 54 X 107 K

£ 9.10939 X 10°' Kg

1672 62 X 107 Kg.

1.674 93X 109Kg = |
885419 X 10M I+ Cr eyt -
L112 65 X 107° 7 G2 !
drn X107 T E 2t

4r X 107 T ) m?

8274 02X 10M )T

505079 X107 7T
2.002 32

5291 77X 10" m. -

- 7.297 35 X 107

109737 107m* ..

9.806 65 m s*
6.672 59 X 10" Nm? K g?

= Ixw'r .
= 96485kY ol -
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