Physcial Chemistry Test 2 Name

Spring 2006
Prof. Shattuck

Part |
Answer 6 of the following 8 questions. If you answer more than 6, cross out the ones you wish
not to be graded. 7 points each.

1. Asthe internuclear separation, R goes from 0 to oo, the overlap integral between two atomic
orbitals in abond goes from to .

2. Give the expectation value for the total spin angular momentum squared, that is <S>, for a
triplet state.

3. Give the spin multiplicity of the vanadium ground state: ]
3d

4s

4. For the two n=3 orbitals whose radial distribution functions are shown below, which would
feel alarger Zgsf?
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5. What is the symmetry of the orbtial formed from the side-on overlap of two d orbitals as
shown below. This question is answered in three segments. The x-axisis the internuclear axis:

x

a. lIsitsigma, pi, or delta?
b. Isit bonding or antibonding?

c. Isitgoru?

6. Give the ground state configuration for Mo2+.



Test 2 PChem 2

7. An excited state configuration of Heis 1st 2pl . If the spatial wavefunction is
(1s(2)2p(2)-15(2)2p(1)), what is/are the alowable spin wavefunction(s)?

8. Would the bond force constant for NO* be greater or less than that for NO? Use MO Theory to
explain why?

Part 11

9. 12pts) The energy levels and wavefunctions for the cyclopropenyl radical are given below.
Calculate the pi bond order for one of the bonds. (Hint: thisradical has three pi electrons.)

H
E Orbital .
a+2 W =-0577p + 0577 p + 0577
B 1 P P, P3
a-fB W =816 p + 0.408 p + 0.408
2 P P, Ps
a-f W = 0.707 p_+ 0.707 p
3 2 3
3 2
/
H N\ H

10. (12 points) When should you use the 6-311G** basis set instead of a 6-31G* basis set? What
doesthe ** mean?
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Please find attached the printouts for MOPAC calculations for the ammonia molecule. The first
calculation isfor fixed 90° degree bond angles, while the second is the AM1 energy minimized
structure, with bond angles of 109°. The 90° structureis easier to draw and to visualize and is not
too bad amodel. These problems are 7 points each.

11. What is the expected hybridization of NH3 (General Chemistry style)?

12. What isthe actual hybridization-- of the 90° model and also the 109° model ?

13. The molecular orbital 4 isasigmatype orbital. What is the % s character on nitrogen for a
particular N-H bond in the 90° model ? Just use the coefficients for the orbitals used in the chosen
N-H bond. (Use the full s-character for this bond; don’t worry about partitioning the s-character)

14. Draw molecular orbita 2.

15. The hybridization picture of NH3 has one lone pair (nonbonding pair). Which orbital in 109°
NH3 is the closest to being a non-bonding orbital ? Explain how you determined your answer.
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NH3 with fixed 90° bond angles HEAT OF FORMATION = 9. 09266 KCAL
CARTESI AN COORDI NATES NO__ATOM X Y Z
1 H 0.0000 0. 0000 0. 0000
2 N 1.0296 0. 0000 0. 0000
3 H 1.0296 1. 0296 0. 0000
4 H 1.0296 0. 0000 -1.0296
El GENVECTORS
ROOT _NO. 1 2 3 4 5 6 7
ENERGY -33.12 -15.03 -15.03 -12.01 4.59 4.78 4.78
S H 1-0.323 0.478 0.276 -0.231 -0.418 -0.300 0. 520
S N 2 -0.807 0. 000 0. 000 0. 459 0. 370 0. 000 0. 000
PX N 2 0.105 -0.520 -0.300 0.457 -0.335 -0.276 0.478
PY N 2 -0.105 0.000 -0.601 -0.457 0.335 -0.552 -0.000
PZ N 2 0.105 0.520 -0.300 0.457 -0.335 -0.276 -0.478
S H 3-0.323 0.000 -0.552 -0.231 -0.418 0. 601 0. 000
S H 4 -0.323 -0.478 0.276 -0.231 -0.418 -0.300 -0.520

BONDING CONTRIBUTION OF EACH M.O.
1.3341 19743 19743 0.6845 -1.9696  -1.9987 -1.9987

BOND- ORDER MATRI X S-SIGVA  S-SIGVA P- SI GVA S-SIGVA S SIGVA

H 1 N 2 N 2 H 3 H 4
SSIGVA H 1 0.994
SSIGVA N 2 0.096 0. 288
P-SIGVA N 2 0.893 0.000 2.679
SSIGVA H 3 0.000 0.096 0.893 0.994
SSIGVA H 4 0.000 0.096 0.893 0.000  0.994

NH3 with 109° bond angles HEAT OF FORVATION =  -7.28191 KCAL
CARTESI AN COORDI NATES NO_ATOM X Y Z

1 H 0.0000 0.0000  0.0000

2 N 0.9989  0.0000  0.0000

3 H 1.3259  0.9425  0.0000

4 H 1.3211 -0.4565 -0.8272

El GENVECTORS
ROOT _NO 1 2 3 4 5 6 7

ENERGY -32.68 -15.90 -15.88 -10.42 4.22  6.15  6.166
S H 1-0.313 0.310 0.462 0.158 -0.458 0.510 -0.307
S N 2-0.829 -0.000 0.000 -0.320 0.457 0.000 -0.000
PX N 2 0.043 -0.38 -0.569 -0.308 -0.138 0.548 -0.331
PY N 2-0.061 -0.592 0.246 0.434 0.192 -0.201 -0.563
PZ N 2 0.104 -0.189 0.386 -0.732 -0.325 -0.351 -0.194
S H 3-0.314 -0.555 0.037 0.159 -0.457 0.009 0.596
S H 4-0.314 0.245 -0.500 0.158 -0.456 -0.522 -0.289

BONDING CONTRIBUTION OF EACH M.O.
1.4127 2.0494 2.0485 0.3620 -2.0257  -1.9238 -1.9232

BOND ORDER MATRI X S-SIGVA  S-SIGVA P-SI GVA S-Sl GVA S-Sl GVA

H 1 N 2 N 2 H 3 H 4
SSIGVA H 1 0.982
S-SIGVA N 2 0.175 0. 526
P-SIGVA N 2 0.794 0. 000 2.384
S-SIGVA H 3 0. 003 0.175 0.794 0.982
SSIGVA H 4 0. 003 0.175 0.795 0. 003 0.982



