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QUESTION 1 [25 MARKS] 

a) The technique of photoelectron spectroscopy may be used to estimate the orbital 
energies of molecules. Explain how this may be achieved. [4] 

b) Consider the following molecules: B2, OF and CN. 
i. 	 Give the electron configuration and bond order of each molecule [6] 
ii. 	 State whether the molecule is paramagnetic or diamagnetic and give the 

number of unpaired electrons [3] 
iii. 	 Which of these molecules would you expect to become more stable if an 

electron is added? If an electron is removed? In each case give a reason 
[6] 

c) the term symbol for particular state of an atom is quoted as follows: 
. 	 op
I. 1 

Explain why this is incorrect [3] 

d) 	 Give term symbols for the following 
i. 	 Ground state scandium:[Ar]3d14s2 [3] 

QUESTION 2 [25 MARKS] 

a) 	 Briefly explain why the 2s and 2p subshells are degenerate in the H-atom but are 
not in an atom of two or more electrons [7] 

b) 	 Define the quantum numbers Land S as applied to atoms, indicating the kind of 
values they may have. State their physical meaning in quantitative terms. Under 
what conditions are the Land S no longer valid as quantum numbers? State this 
in a sentence or two. [7] 

c) The Calcium atom has an excited state whose electron configuration is 
[Ar]3d14s1 

i. 	 Obtain the complete term symbols for this state and the ground state 
[5] 

ii. 	 Discuss the possibility of a spectroscopic transition from the excited state 
to the ground state [4] 

d) State whether the following transition is allowed or forbidden. Provide an 
explanation for your answer 

L 3d-2s and 3p-1s for a hydrogen atom. [2] 

QUESTION 3 [25 MARKS] 

a) The spacing between two adjacent lines in the rotational spectrum of CO is 1.15 
1011

X Hz. The atomic masses of C and 0 are 12.0000u and 15.9949 u 
respectively. Calculate 



i. The moment of inertia of the CO molecule 	 [3] 
ii. The internuclear distance 	 [5] 

b) 	 The rotational constant for H35CI is observed to be 10.5909 fcm. What are the 
values of the rotational constant, B, for the H37CI and i 035CI? The atomic masses 
are H=1.0078 u, 2D =2.0140 u 35CI = 34.9688 u and 37CI = 36.9651 [8] 

c) 	 The fundamental and first overtone of 14N160 are centered at 1876.06 fcm and 
3724.20 fcm, respectively. Evaluate 

i. The equilibrium vibration frequency and the anharmonicity constant 
[3] 

ii. The exact zero point energy [2] 
iii. The force constant of the molecule [2] 
iv. The approximate bond dissociation energy of the molecule [2] 

QUESTION 4 [25 MARKS] 

a) 	 Consider the molecule B2 (Z=5) in its ground state and determine 
i. The molecular orbital electron configuration 	 [2] 
ii. The bond order [2] 
iii. The term symbol [3] 

b) Use the electron configuration of NO and N2 to predict which is likely to have a 
shorter bond length (Atomic number Z for N=7 and 0 =8) [4] 

c) Define the word laser. What is the main advantage of a four laser over a three 
laser? [4] 

d) 	 In the photoelectron spectrum of O2 using the 58.43 nm light, electrons with 
kinetic energies 5.63 eV and 5.55 eV are observed. What are the ionization 
energies of these electrons? [5] 

e) 	 Suppose that the maximum molar absorption coefficient of a molecule containing 
a carbonyl group at a concentration of 1.00molfLcm near 280 nm, calculate the 
thickness of a sample that will result in half the intensity. [5] 

QUESTION 5 [25 MARKS] 

a) 	 Give the number of vibrational modes of the following 

i. S02 
ii. C2F2 

iii. CCI4 [3] 

b) Sketch and name the vibrational modes of S02. Indicate which are IR and which 


are Raman active [6] 

c) Explain how you can use infrared and Raman spectroscopy to determine the 


structure of a triatomic AB2 molecule [6] 
d) State the selection rules for rotational Raman spectroscopy [2] 



e) The pure rotational Raman spectrum of 14N2 shows a spacing 7.99 fcm between 
adjacent rotational lines. 

i. Find the value of the rotational constant B, [2] 
ii. What is the spacing between the unshifted line Vex and pure rotational 

lines closest to Vex [2] 
iii. If 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 11001 



General data and fundamental constants 

Quantity Symbol Value 

Speed oflight c 2.997 924 58 X 10& m S~l 
'Ele:mentary charge .e 1.602 177 X 10,19 C 

Faraday constant F=NAe 9.6485 X 1O~ C mor! 
Boltzmann constant k 1.38066 X 10.13 J K'\ 
Gas constant R=N"k 8.31451' J K'} mo!"l 

8.205 78 X lO'ldmJ atro K'I mo!"1 
6.2364 X 10 L Torr ~'I marl 

. Planck constant h 6.626 08 X 10.34 J s 


n =hJ2n 1.054 57 X 10'34 J s 
. . . ", 

Avogadro constant NA · 6.022 14 X lOll mo}"1 
.",,,,,-, Atomic mass unit u .1.660 54 X lO'27.Kg 

Mass 
electron rnA 9.10939 X 10')1 Kg 
proton 1.672 62 X 10.11 Kgm" 
neutron IDu 1.67493 X 10.27 Kg 

Vacuum permittivity 8 a = l/c\tD 8.85419 X fO'll r l C1nil 

4m::D 1.112 65 X l{)-IO., J"l C1 m·1 
. 

Vacuum permeability !lD 4n X 10'7 J ?- C-1 m'! .. 
4n X 10.1 T2 J-I m) 

Magneton 

Bohr !la = en/2m. 9.27402 X 10-2.4 J yl 

nuclear !IN = en/2m" 5.05079 X 10.17 J yl 
gvalue' ge 

" 

2.00232 

Bohr radius ~ ='41tE~Ql'1/m.e~ 5.291 77 X1'0.11 rn 
Fine-structure constant a. =!loe1c/2h 7.297 35 X 10'3 
Rydberg constant R- d::: m e4/8rrcc: :1 1.097 37':X; 107 m'! 

.' 0 

Standard acceleration 
of free fall g 9,806 65 m S'2 

. Gravitational constant G 6.672 59 X 1O~1\ N m2 Kg-2. 

... Conversion factors 

1 cal· = 4.184 joUles (1) 1 erg = .1 X 10'7 J 
leV = 1.602 2'X 10-19 J 1 eVImolecule = 96 485 kJ mot l 

Pref~es f n m· c d k M GP J.l. 
fernto PlCO . nanD Il11cro milli centi deci kilo mega glga 
10'15 10-1:!. 1O-~ 10-6 10'] 10-" ID'I 103 106 109 

.: _.... - ... . 
.". 

http:lO'27.Kg


PElUODIC J"'ABLE OF ELEMENTS 

I 

GROUPS 
~--

1 2 J J 4 I 5 . l 6 I 7 I 8 J 9 I 10 I II f 12 I 13 I 14 I 15 J 16 I 17 18 
liEnlODs fA I1A 11m I fVO I VB I VII3! VIIB I ViliS , IB I liB I IJIA , IVA L VA I VIA , VIlA VI!IA . 

4.00]I.oox 
I II ,..~!. '~ 

lIe 
" 

f 2 

6.941 9.012 . Atomic mass-i 10.8101 12.011 14.007 J5.999 18.998 20.180 

2 Li . Dc Symbol ' ­ t~ c N 0 F ...Nc 
] . 4 , AlomicNo. - 6 .'7 8 9 10 

22.990 24.]05 26.982 28.086 30.974 32.0~ 35.453 39.948 

3 Nn Mg TRANSITION ELEMENTS AI Si . P S Cl Ar 
II 12 13 1,4 IS 16 17 18 

]9.098 40.078 44;9.56 47.88 50.942 51.996 54.938 55.847 58.933 511.69 63.546 65.39. 69.723 72.61 74.922 711.96 79.904 33.80 

4 K Cn Se' Ti V CI' Mn' Fe Co Ni Cu Zn . Ga Ge As... Se Dr Kr 
19 20 21 22 2] 24 25 26 27 28 29 30 J I 32 33 )4 35 36 

85,468 87.62 88.906 91.224 92.906 95.94 98.907 IOC07 102.9.' /06,42 107.87 112:4/ 114.82 118.71 121.75 127.60 . 126.90 131.29 

5 Rb Sl' Y Zr Nb Mo Tc Ru RIl Pd Ag Cd . hi Sn Sb Te I Xc 
J7 38 39 40 41 ·42 43 44 45 46 47 48 49 50 51 52 53 54 

132.91 137.33 138.9/ 178.49 180.95 !83.85 ! 8G.i I 190.2' 192.22 195.08 196.97 200:59 204.38 207.2 208.98 (209) (210) (222) 
. 

G Cs Bn *La Hf Tn yV Rc. Os Ir Pt Au Hg TI Pb Bi Po At Rn 
55 56 57 72 73 74 75 76 77 78 79 80 ' gI 82 83 84 85 86 

223 226.0] (227) (261) (262) (263) (262) (265) . (266) (267) 

7 Fr Hn uAc Rf Ha Unh Uns Uno Une Uun 
87 88 89 104 105 106 107 . 108 109 I/O 

- . -~- --- ­ ................. , 

I 

*Lllnthanidc Series 

**Adiniue Series 

140.11 140.91 144.24 (145) 150,36 151.96 15725 158.93 162.50 164.9] 167.26 168.93 173.04 17.4.97 
Cc Pr No Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu 
58 59 60 61 62 63 64 65 ~6 -67 68 69 70 71 

~ 

232.04 

Th 
90 

231.04 
. Pn' 

91 

238.03 

U 
92 -

237.05 

Np 
93 

(244) 

Pu 
94 

(243) 
Am 
95 

. (247) 

em 
96 

(247) 

Bk 
97 

(251) 

Cf 
. 98 

(252) 

~ 
99 

(257) 

Fro 
roo 

(2511) 
Md' 
101 

(259) 

No 
1D2 

(260) 

Lr 
)0] 

( ) indicates the mass number ofIhe is%pe with Ihe longest half(ift. 
!. 


