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Chemistry 1410: Physical Chemistry I
Exam #2: 11:00 am -12:30 pm

® There are two questions worth a total of 250 points and a bonus question worth 50
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=17381x102 JK!
Speed of light ¢ =2.998x10* ms™
(Joule’s to electron-volts) 1] =6.242 x 1018 oV
Electronic charge e=-1.602177x10"° C
Mass of electron m, =9.1094x10%! kg
(amu to kg) 1 amu = 1.661x10% kg

Vibrational wavefunctions:
The wavefunctions are related to Hermite Polynomials, #,.

w,=A,H e | [
H, =1; H, =2n; [2]

Recursion Relationship: H, | = 2nH, -2nH
Some wavefunctions are
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Angular Momentum Operators
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The Hamiltonian for 3D rigid rotor is:
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Grade:
Question 1 [130 points]

(a) State the Heisenberg Uncertainty principle in woifés‘.) [10 points]
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(¢) For 1-D translational motion, determine whether the x-component of momentum and
Kinetic Energy can be measured simultaneously. Use an arbitrary function, f(x), to set up
and solve the problem. [20 points]
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(¢) Consider the vibrational motion of a diatomic in a simple Harmonic Potential

(i) Draw the Potential versus position plot. Clearly label the axes as well as the origin.
On the plot draw the energies of the lowest four levels. Label the energy levels with
equations that relate the energies to the fundamental properties such as the force constant
the reduced mass of the molecule. [10 points)

(if) On the plot draw ;. (ie the wavefunction for p=3 state). Using dashed line plot
v3'ys . Make sure to show relative features. [10 points]
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(ii1) Without any derivations but clearly explaining your reasoning state the values of
<x>and <py> in the p=3 state. [20 points]
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(iv) The force constant of 'H**Cl is 516 Nm™. Determine the value of B3 (assume that the
motion is simple Harmonic). [20 points]
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(d) Explain why spontaneous emission is very weak for vibrational spectroscopy. You
should explain your answer by being as quantitative as possible. [20 points]
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(e) For which species will the p=1 vibrational level have.a greater population at thermal
equilibrium: (a) *°Cl,, (b) *CI°’Cl; (c) *’Cl,. No calculations arc necessary but you must
carefully explain your reasoning. [20 points]
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Question 2 [100 points]

(2) The moment of inertia of 'H**Cl is 2.644x10™ ke.m?. An HCIl molecule undergoing

%
3-D rigid rotation exists in a state which a wavefunction y = (I—] cosf,
Vs

(i) Substitute this wavefunction into the Schrodinger’s Equation to derive an equation
for the total energy. [30 points]
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(i) By using the appropriate operator determine the value of the z-component of angular
momentum. [30 points]
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(iii) Based on your answer to parts (i) and (ii) determine that values of the 1 and my
quantum numbers. [20 points]
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(iv) Based on your answer to part (iii) write down the value of total angular momentum?
[20 points]

(v) What is the x-component of angujar momentum in this state? {20 points] .
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Bonus Question [50 points]
(a) Consider the case of selection rules in IR spectroscopy. We saw that at the core
selection rules depend on the nature of the potential and on the way the dipole moment
changes with vibrational mode. Assume that the variation of the molecular electric
dipole moment with q is given by:

H =ty + 50+ 57
where £, k1 and «; are constants. Determine the IR selection rules for this vibrational

mode.
J YR &
Y (poxn kD) oy 6
_ W’H%“Q*Kﬁ b %mp 7(_%4’1()

“ o

I

X AAn f““?(_““‘ g%,l 4 K AnAn {(r.@,.f)(rlﬁm} 20

K, A, A [“a_gguh W@,Uq e m [H, um,eﬂlftq} {

g _ TN

oy

non zero When  N=mit g hon Zvo hen (-/>
+RA A [J{-L (st} [ () oty ) Uy

3( Anf\m[%j“h&mu& E‘é‘q Al MJH Hm-wue AflJ } f)n.«m 5

4
H_. »mm*.e_,m Vim j Hou, H me,“dl ¢ 1n f . .u,..ﬁf-'law mmjﬂn He

..... - Mo i "“v*-wm-‘:""! b

non 3un @ nen 3erg @ non ge.wC) nen fern p

Nt =N+ (AR 4 I Vel = Rb4 Prel & P
D 1 = (8] : Nn-m =20 fi-#< 4+ 3 Fietiy & O

AP = n-m = 0,&:,;&3@



