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Kuwata Chemistry 56 Spring 2003

1. (10 points) Consider the following predictions of quantum mechanics: (a) In an one-electron
atom or ion, for a given principal quantum n, increasing the electron’s angular momentum
does not increase the electron’s energy. (b) However, when an atom or ion has more than one

electron, increasing an electron’s angular momentum does increase that electron’s energy.
Explain both (a) and (b) qualitatively.
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2. (30 points) So-called interhalogen species such as CIF; are well known. The central chlorire
atom is permitted to violate the octet rule due to the presence of 34 orbitals that are close in

energy to the 3s and 3p orbitals. The analytical form of the 34, orbital is given below:
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While the above is exactly true only for one-electron species, it provides a reasonable model
for the 3d, orbital on Cl.

(a) Find equations for all nodes of the |320) orbital.
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[Problem 2 continues on the next page.]
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(b) Fmd the locations (in A) of all extrema of the radial wavefunction.
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(¢) Using only the radial wavefunction, find the average radius  (in A) of a 3d orbital
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3. Chlorine-containing compounds play a critical role in stratospheric ozone depletion.

(a) (5 points) Experiments reveal that the bond dissociation energy of Cl, is 57 kcal/mol, and
that its equilibrium bond length is 1.988 A. Sketch a potential energy diagram on which
these experimental quantities are labeled.
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(b) (5 points) Draw the energy-level diagram for Cl,. Label all valence atomic and
molecular orbitals, and show what orbitals are occupied in Cl,’s ground electronic state.
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[Problem 3 continues on the next page.]
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(c) (6 points) Sketch the boundary surfaces of Cl,’s highest occupied molecular orbital
(HOMO), and lowest unoccupied molecular orbital (LUMO). Label your sketches as

HOMO or LUMO. Be sure to draw the correct relative sizes of each of the lobes.
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(d) (6 points) Short UV radiation in the upper atmosphere produces a measurable amount of
the Cl," molecular cation. Experiments reveal that the bond dissociation energy of Cl," is
99 kcal/mol, and that its equilibrium bond length is 1.89 A. Use the concept of bond
order to rationalize the data for Cl, (given in part (a)) and Cl,".
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(e) (8 points) Note and explain any differences in the energy level diagrams of Cl, and Si,.
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4. (8 points) Determine the point group to which each of the following molecules belong. You
do not need to justify your answers. However, no partial credit will be awarded for wrong
answers unless you write down your reasoning,.
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5. (22 points) The chlorine pentafluoride (CIF;) mentioned in Problem #2 has a square pyramidal
shape, and therefore belongs to the C,, point group:

Fax

FA"'r-..CI.--\\FB

~
Fs~ Fe
The C, axis (which, by definition, is the z-axis) coincides with the CI-F, bond. Assume that
the other four CI-F bonds are all of the same length, and lie in a plane perpendicular to the C,
axis. The character table for C,, is given below:

Cyy» 4mm E G, 2C, 20, 20y h=8

A, 1 1 1 1 2,22, X%+ y*

A, 1 1 1 -1 R,

B, 1 1 -1 1 x*—y?

B, 1 1 -1 -1 Xy

E 2 —2 0 0 (x, ¥). (xz2, y2) (R, Ry)
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[Problem 5 continues on the next page.]
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(a) Is an A, < B, electric dipole transition allowed for CIF,? Justify your answer.
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(b) Consider the following combination of the 2p, orbitals on the four co-planar F atoms:
lsﬂi‘b w=p.(A)=p.(B)+ p.(C)— p,(D). Determine the symmetry species spanned by v,
and predict which (if any) of the d orbitals on Cl are allowed to have non-zero overlap
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Possibly Useful Information
h=6.626x10""Js h=1.055x10*Ts
c=2998x 10°m s m.=9.109 x 10 kg
e=1.602x10"C Ny = 6.022 x 10 mol™
a,=0.5292 A 1A=10"m
0 _ n! . 1 1 .
j x"e P dx = Jsmz axdx = —x ——sin 2ax
o an+l 4a
) ) sin(a—b)x sin(a+b)x
J.smaxsmbx: ( ) - ( ) ,az #b>
2(a—>b) 2(a+b)
1 2
H He
1.0079 4.0026
3 4 5 6 7 8 9 10
Li | Be B|C|N|O]| F |Ne
6.941 |9.0122 10.81 | 12.011 ] 14.007 | 15.999 | 18.998 | 20.179
11 12 13 |14 |15 |16 |17 |18
Na | Mg AllSi | P | S | Cl|Ar
22.990 | 24.305 26.982]28.086 | 30.974 | 32.06 | 35.453 | 39.948
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K|Ca|Sc|Ti |V Cr Mn|Fe | Co|  Ni | Cu|Zn|Ga|Ge|As | Se | Br | Kr
39.098 | 40.08 |44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 | 58.933 | 58.69 | 63.546 | 65.38 | 69.72 | 72.59 | 74.922 | 78.96 |79.904 | 83.80
37 138 |39 40 |41 (42 |43 |44 |45 46 (47 |48 49 |50 |51 |52 |53 |54
Rb| St | Y | Zr |[Nb Mo| Tc |Ru | Rh | Pd |Ag |Cd | In | Sn | Sb | Te | T | Xe
85.468 | 87.62 | 88.906 | 91.22 | 92.906 | 95.94 | (98) |101.07 |102.91 |106.42 | 107.87 | 112.41 | 114.82 | 118.69 | 121.75] 127.60 | 126.90 | 131.29
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs |Ba|*Lal Hf | Ta ' W | Re | Os | Ir | Pt | Au Hg | Tl | Pb | Bi | Po | At | Rn
132.91|137.33 1 138.91 | 178.49 | 180.95 | 183.85|186.21 | 190.2 | 192.22 | 195.08 | 196.97 | 200.59 | 204.38 | 207.2 | 208.98 | (209) | (210) | (222)
87 (88 |89
Fr | Ra | fAc
(223) | 226.03 | 227.03
* |58 59 60 61 62 63 64 65 66 67 68 69 70 71
Ce| Pr [Nd Pm | Sm | Eu Gd | Tb | Dy | Ho| Er | Tm | Yb | Lu
140.12 | 140.91 | 144.24 | (145) | 150.36 | 151.96 | 157.25 | 158.93 | 162.50 | 164.93 | 167.26 | 168.93 | 173.04 | 174.97
T 90 9 92 93 94 95 96 97 98 99 100 [101 |102 |103
Th | Pa| U [ Np| Pu | Am Cm | Bk | Cf | Es | Fm | Md | No | Lr
232.04 | 231.04 | 238.03 | 237.05 | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (260)
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