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Test # 1 February 6, 2012 12 questions 50 minutes 25 marks

No documentation allowed. The last page has useful constants and equations.

[marks]

[1] (1) Give the value of kT or of RT , when T = 300K, in units of kcal/mol, or kJ/mol,

or eV, or a.u., whichever you prefer:

2.5 kJ/mol or 0.59 kcal/mol or 0.026 eV or 0.00094 au

[1] (2) Calculate the coulombic potential of attraction between a proton and an electron

separated by a distance of 10.0 atomic units (5.292 Å).

1(−1)/10 = −0.10 au = −2.71 eV

[1] (3) Two dipoles of 1 Debye, each of length 1 Å, are located 5 Å apart. Sketch the

two dipoles when they are in the configuration of lowest potential energy, ie, in their most stable

relative orientation.

7−→ 7−→ gives the lowest, ie most negative, interaction potential. Two dipoles at right angle

give a zero interaction: that’s higher than a negative potential!

[2] (4) Suppose that the lowest and next-to-lowest energy states of a molecule both have

a degeneracy of 1. If the energy difference between these two states is 12.0 kJ/mol, what is the

ratio of the populations for those two states at room temperature, 298 K?

N2/N1 = e−12000J mol−1
÷(1.381×10−23J K−1

·6.022×1023mol−1
·298K) = 0.0079 Note that the argument of

the exponential must be a pure number, dimensionless.
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[3] (5) Give the binding energy (the negative of the interaction potential) for each molecule

in its equilibrium state. You will get full marks if you get within 40% of the true answer in

at least 3 of the 4 cases. You can give your answers in eV, or kJ/mol, or kcal/mol, or a.u.

My answers are all in eV

O2 : 5.2 CO : 11.1

F2 : 1.7 KCl : 4.5

[2] (6) Give the average bond energy for each type of bond. You will get full marks if

you get within 40% of the true answer in at least 2 of the 3 cases. You can give your answers in

eV, or kJ/mol, or kcal/mol, or a.u. My answers are all in eV

C—O : 3.7 O—H : 4.8 C≡C : 8.7

[2] (7) Give the binding energy for each dimer. You will get full marks if you get within

50% of the true answer in at least 2 of the 3 cases. You can give your answers in eV, or kJ/mol,

or kcal/mol, or a.u. My answers are all in kJ/mol

Ar· · ·Ar : 1.1 CCl4 · · · CCl4: 4.5 C12H26 · · · C12H26: 12

Note: the dimer binding energy of n-carbon linear alkanes is roughly n in units of kJ/mol.

[2] (8) The diatomic molecule HCl has a dipole moment of 0.43 a.u. (1.1 Debye) and a

bond length of 2.41 a.u. (1.275 Å). Using that information, estimate the net atomic charge on

Cl in the HCl molecule.

µ = qd ; q = µ/d = 0.43/2.41 = 0.18 a.u. ;

Cl bears the negative charge, so qCl = −0.18 a.u.
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[3] (9) This question is about dispersion interactions, Udisp.(r).

(9-1) Consider a dimer AB with A and B separated by a distance r. As r doubles,

Udisp.(r) decreases by a factor of 64

(9-2) Give one example of an element X whose atoms interact with each other mainly

through dispersion forces: X = any rare gas would do for answer: He, Ne, Ar, Kr, Xe, Rn

(9-3) Circle the most appropriate answer. Dispersion interactions are attractive and

are due primarily to the interaction between . . .

(a) two permanent dipoles (b) two instantaneous dipoles

(c) a charge and a dipole (d) two quadrupoles

(e) a permanent dipole and a instantaneous dipole

[3] (10) Sketch the wavefunction ψ4(x) (quantum number n = 4) for a particle in a box

of length 12 Å, with the box extending from x = 0 to x = 12.

The sketch should look like a sine function, starting at zero at x = 0, with maxima at x = 1.5

and x = 7.5, minima at x = 4.5 and x = 10.5, and zeros at 0, 3, 6, 9 and 12.

Beside your sketch, indicate:

(a) all x values for which ψ4(x) = 0: 0, 3, 6, 9, and 12 Å.

(b) the numerical value of ψ4(x) at the maxima:

(2/a)1/2 = (2/12 Å)1/2 = 0.408 Å1/2 = 0.297 a
1/2
0

(a0 is the symbol for the atomic unit of length, the bohr).
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[2] (11) What is the DeBroglie wavelength associated with an electron that travels at a speed

of 3 × 105 m/s?

λ = h/p = h/mv = 6.6262×10−34Js
9.109×1031kg · 3×105m/s

= 2.42 × 10−9m

[3] (12) We try to describe the motion of H atoms in the H2 molecule with a simple particle-

in-the-box model. The mass of a H atom is 1837 a.u. We take the H—H bond length, 0.74 Å

= 1.40 a.u., as the effective length of the box for one H atom, and we assume that the other

H atom does not move. With this, calculate the energy difference E2 − E1 between the lowest

energy state and the second lowest.

E2 −E1 = (22 − 12)h2/(8ma2) = 3(2π)2

8·1837·(1.40)2
= 0.00411a.u. = 0.112 eV

THE END



5

Constants, Conversion Factors, Equations

kB = 1.381×10−23 J K−1 ; h = 2π a.u. of action = 6.626×10−34 J s

c = 2.998 × 108 m s−1 ; me = 1 a.u. of mass = 9.109 × 10−31 kg

1 a.u. of distance = 1 bohr = 0.5292 Å= 5.292 × 10−11 m

1 a.u. of charge = e = 1.602 × 10−19 C

1 a.u. of energy = 27.211 eV = 627.5 kcal mol−1 = 4.360 × 10−18 J

2.5412 Debye= 1 a.u. of dipole= 8.477 × 10−30 C m

Uel. = Q1Q2

4πǫ0r
;

permittivity of vacuum: 4πǫ0 = 1 in atomic units

(nj/ni) = (gj/gi) e
−(Ej−Ei)/kBT

∆x∆px ≥ h/4π ; E = hν ; λ = h/p

−h2

8π2m

d2ψ(x)

dx2 + V (x)ψ(x) = Eψ(x)

En = (h2n2) / (8ma2) ; ψ(x) = (2/a)1/2 sin(nπx/a)


