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Paper 1 of 3 — CHM 310 Atomic and Molecular Structure

Level 300 ¢ First Semester ¢ PastQuestion
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SITY OF PETROLEUM RESOURCES, EFFURUN
XAMINATION 2024/2025 ACADEMIC SESSION
AND MOLECULAR STRUCTURE AND

FEDERAL UNIVER
FIRST SEMESTER E

< COURSE TITLE: CHM 310 ATOMIC
ra SYMMETRY
© INSTRUCTION: ANSWER ANY FOUR QUESTIONS TIME 2 HOURS 30 MINS

; tion for the wave mechanical model of an atom and

0 ¥. (a) Derive the Schrédinger wave cqua
discuss its application to the hydrogen atom (10mrks]. —
(b) What is the significance of V and W in the Schrédinger wave equation? [2mrks]._

(c) List two (2) significance and two (2) applications of the Schrédinger wave equation.
[5.5 mrks]

2. When an electron in y (f2) orbil (n2) to a

a hydrogen (11) atom falls from a higher energ

lower energy (E1) orbit (1), IL-cmission spectrum is obtained. , ;

mel)

1)t*‘iwerdys } »iejayih— — — — — 007
rd of the spectral line Is given Vv Bronte (a nh
(a) Show that the wave numbe

[10mrks]

(b) Determine the Rydberg constant of the I[]-atom,

clectron 9, 108x10"'kg; charge on electron L602x1012C, permittivity

medium 8850x1077! Cenr!; Planck's constant 6.626x1 gtts; Idol ken''s le

mrks|

A. (a) Write the possible terms or states of the atoms with the following configuration, and
identify which of the terms is the most stable in each case (i) 1522s7?2p* (ii)
15°2572p%3s73p°4s"3d’ (iti) 15225?2p°3s"3p? (iv) 1522572p°35?3p%4s?73d? [10mrks]

(b) What is the d" configuration and spin multiplicity of the ground state of V3* and Cu?'?
Fi (a) Determine the number of microstates in the following configuration (1) p? Gi) pe qgi) d!
ii) d* {10 marks}.

(b) Calculate the frequency in (Sl units

n-3 in H-atom de-excites to ground slate. (7.5mrks]
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A. (a) Identify which of these transitions is allowed or forbidden. (i) Pi
(iii) 2P4— D3, (iv) 7Su-P xs (Vv) 393) [12.5 mrks]
(b) A metal complex was absorbed in the spectrometer at

region did this adsorption occur? Calculate the energy of absorption. [S5mrks]

Ry in Sl units. [mass of
of the
[7.5

) of the spectral line emitted when the electron in
3~,aelall)
D3 (ii) ‘Se > Ps

a wavelength of 650 nm. In which
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Level 300 ¢ First Semester ¢ PastQuestion
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() Show that the wave
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Paper 3 of 3 — CHM 310 ATOMIC AND MOLECULAR STRUCTURE
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Level 300 ¢ First Semester ¢ PastQuestion

DEPARTMENT OF CHEMISTRY

COLLEGE OF SCIENCE

FEDERAL UNIVERSITY OF PETROLEUM RESOURCES, EFFURUN

FIRST SEMESTER EXAMINATION 2024/2025 ACADEMIC SESSION

x COURSE TITLE: CHM 310 ATOMIC AND MOLECULAR STRUCTURE AND

< SYMMETRY

© INSTRUCTION: ANSWER ANY FOUR QUESTIONS TIME 2 HOURS 30 MINS

X. (a) Derive the Schrédinger wave equation for the wave mechanical model of an atom and
discuss its application to the hydrogen atom [10mrks}.

(b) What is the significance of V and WY in the Schrédinger wave equation? [2mrks],

(c) List two (2) significance and two (2) applications of the Schrédinger wave equation.
[5.5 mrks]

2. When an electron in a hydrogen (11) atom falls from a higher energy (lz) orbit (nz) to a
lower energy (E)) orbit (n1), }1-emission spectrum is obtained.

ame*ll

(a) Show that the wave number v of the spectral line is given v = —"—(+--).

Eg*h’c \nyz n5

[10mrks]

(b) Determine the Rydberg constant of the H-atom, Ry in Sl units. [mass of
electron=9.108x10°"'kg; charge on electron=1.602x10-°C; permittivity of the

medium= 8.850x10"*F'C?m!; Planck's constant= 6.626x1074Js: 1J-1 kem’s |. [7.5

mrks|

A. (a) Write the possible terms or states of the atoms with the following configuration. and
identify which of the terms is the most stable in each case (i) 1s?2s?2p? (ii)
Ls°2s°2p°3s°3p%4s73d’ (iii) 1572s?2p°3s73p7? (iv) 1s?72s?2p°3s?3p°4s?3d2 [10mrks]

(b) What is the d" configuration and spin multiplicity of the ground state of V** and Cu?"?
\7.Sinrks].

(a) Determine the number of microstates in the following configuration (i) p? (ii) p? (ii) d!
(ii) d® [10 mrks].

(b) Calculate the frequency in (Sl units) of the spectral line emitted when the electron in
n=3 in H-atom de-excites to ground state. [7.5mrks]

4. (a) Identify which of these transitions is allowed or forbidden. (1) 7P-7D3p (ii) 'Sp- >! Pa
(iii) 7Py4.—3D3p (iv) 7Sy—7Py, (v) 7Do->°F 1 [12.5 mrks]

(b) A metal complex was absorbed in the spectrometer at a wavelength of 650 nm. In which

region did this adsorption occur? Calculate the energy of absorption. [Snmirks]
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