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Chemistry 1410: Physical Chemistry I
Exam #3: 8:00-9:50 am

® There are three questions worth a total of 300 points.

® Read all question first-answer the easiest first.

® Don’t spend too much time on one question-if you get stuck move on.
® Justify any approximation you use.

¢ Show all your work. No points will be given for answers without steps shown.
® Good luck!

Cheat Sheet:

Fundamental Constants and factors:

Planck’s constant h=6.626x10>*Js
Boltzmann’s constant k=1.381x102 JK!
Speed of light ¢ =2.998x10% ms™
(Joule’s to electron-volts) 17=6.242 x 10" ev
Electronic charge e =-1.602177x10" C
Mass of electron me = 9.1094x10>! kg

(amu to kg) 1 amu = 1.661x10%" kg



Grade:
Question 1 [70 points]

(a) Consider 3p, a H-atom wavefunction orbital.
(i) How many nodes exist in the radial part of the orbital? [5 points]
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(i) How many nodes exist in the angular part of 3p, [5 points]
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(ii1) Sketch the angular part of the 3p, orbital? [10 points]
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(iv) What is the energy of the H-atom in a 3p, state — give your answer in eV? [5
points]
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(v) What is the total z-component of orbital angular momentum? [5 points]
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(b) The radial part of 1s wavefunction for a H-atom has a maxima at r=0. However, the
most probable distance between the electron and the nucleus is not at r=0. Explain? [10
points]
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(¢) Consider the H-atom wavefunction: y o —e Jaaq sin @ cosBe"” .
a,
(1) State the values of the quantum numbers, n and m;. You must state the reasoning you used
to determine these quantum numbers — just answers will not get you points. [10 points]
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(i) What is the energy of this state in eV? [10 points]
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(iif) What is the z-component of orbital angular momentum in this state? [10 points]
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Question 2 [90 points]

(a) Using the ground state of He atom explain why two electrons in an orbital must be spin
paired. [10 points] 2
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(b) Explair41 Czr has a ground state electron configuration of [Ar]3d°4s! rather than
[Ar]3d"4s® . [10 points] - . .
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(¢) Determine the Term Symbol for Cr in the ground state. . [10 points]

" N I SR RS

T - 32 S=3
45'0 2 ( o \Nﬁs""”l D= F
Mo

Murmi 20 D Lo 2 S s

[’s |



/2 =2r
(d) Write down the Hamiltonian for He". The wavefunction v = i—(ij e "Mis
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the solution for the lowest energy state. By substituting into the Schrodinger’s equation
determine the energy of this state. [30 points]




(e) Consider the case of an excited atom of He with the configuration of 1s'2s"
(1) Write down an equation for Ygingier. [5 points]
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(i) Write down an equation for one of the three triplet wavefunctions ( Wiriplet)- [S
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(iii) Determine whether gingiet is orthogonal to Wyipler. ? [20 points]
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Question 3 [90 points]

(a) In this question you will consider a molecular ion. :
(1) Write down the molecular electron configuration and the wavefunction for the
He," ion — you can use a Slater determinant to write down the wavefunction.
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(i) Using 2 sentences each describe the Hartree Fock Self Consistent Field Method to
determine the optimized molecular orbitals and energy diagram for a molecule

like He,". |
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(b) In this question you will consider bonding in a heteronuclear diatom.
(1) Write an equation that describes the Valence Bond view of bonding in HCI. [ 10

points]
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(iii) The energy level diagram for H, based on Molecular Orbital Theory is shown.
Draw a similar energy level diagram that illustrates the energies of the
Molecular Orbitals of HCL. You must show the atomic orbital energies. Based
on this diagram write down the molecular electron configuration of HCI. [10
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(i)  Sketch the HOMO and LUMO orbitals of HCL. [10 points] %
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(iv) HCI reacts with NH; to form NH," and CI" in aqueous solution. Using the
MO’s for HCI explain the reaction mechanism — you do not need the MOs
for NH3. You should indicate where the electrons go, justify the direction
of arrow in the reaction mechanism, and also describe which bond cleaves

and why. [10 points]
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(c) In this question you will consider the molecule NO.

() Draw an energy level diagram that illustrates the energies of the Molecular
Orbitals (MOs) of NO. Your diagram should also include the energies of the
relevant atomic orbitals (AOs) [see Question 3b for an illustration]. Each MO
should be connected by dashed lines to the AOs used to construct them.
Include all possible Molecular Orbitals. [10 points]
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(i) Write down the molecular electron configuration of NO. Determine the bond
order [10 points] A
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(iii) Based on molecular electron configuration predict the magnetic properties of NO.
[10 points]
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Question 4 [5] points]

In this question we will consider the LCAO treatment of CO,, which is a linear molecule.
Since there are 4 valence electrons for Carbon and 6 valence electrons in each Oxygen
atom, we need to generate the eight lowest energy Molecular Orbitals to hold 16
electrons. These Molecular orbitals can be generated by recognizing that 2s Atomic
Orbitals of C do not overlap with the 2s Atomic Orbitals of O since the energy of the C-
2s is much higher. Using the energy level diagram that is provided determine the shapes

c co 20 of the 8 Molecular Orbitals with the
a0 ¢ lowest energies. Label the Orbitals
j/ MO 12 as ¢ or m Clearly show your
o MO 10 MO 11 reasoning by drawing out AO’s and
1 —_— the appropriate  additions or
0 MO3 subtractions.
] (Hint: MO1 and MO2 involve only
04 the 2s orbitals of O, since the C-2s
s ] #x ®y2Pz Moz Mo s are too high in energy. MO3 is a
o ) MOS5 MOB 2py 2py 2p; Zpg 2oy 2, COmbination of C-2s and O-2p,.
i =Y e MO4 involves C-2p, and O-2p,.
1 MO 3 MOS5 involves the 2py of all atoms,
- ; and MO6 involves the other 2p, of
- — — atoms. MO7 involves only the 2py
] 2 % orbitals of O, and MO8 involves
-4n ] MO2 only the 2p, orbitals of O.)
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