CHEMISTRY 158a, FALL, 2008, GRADED EXERCISE I

NAME:___________________________________

Your work on this graded exercise is due in class on Wednesday, 22 October.  Please organize your work carefully.  Calculations should be accompanied by all relevant computer printout.  If you use Excel, please submit a copy of all xls files.  You may not discuss the problem with anyone other than the instructor.  You may refer to the textbook or any other written source.
1) This problem addresses the use of low resolution microwave spectroscopy as a tool for conformational analysis. The classic paper for the method is W. E. Steinmetz, "The Application of Low Resolution Microwave Spectroscopy to Conformational Analysis", J. Am. Chem. Soc., 96, 685‑692 (1974).

Your molecule,  ______________________________________________, is a near prolate top, i.e. a cigar-shaped molecule, where Iz < Iy < Ix and A = h/8(2Iz,  B =  h/8(2Iy(, and C =  h/8(2Ix.  In the notation used here, the angular momentum operators are dimensionless, i.e. P2|j m>  = j(j + 1)|jm>.  The rotational Hamiltonian in frequency units is
H  =  APz2  +  BPy2  +  CPx2   .

a) Show that the Hamiltonian can be rearranged into the form

H  =  H0  +  H'   where  H0  =  APz2  + [(B + C)/2][Py2  +  Px2]
                            and  H '  =  [(C - B)/2][P+2  +  P-2].
b) H' is zero in the case of the prolate symmetric top where B exactly equals C. Methyl acetylene is an example of a prolate symmetric top. This problem will deal with a near prolate top in which B ( C so that H' is small but not zero. Use first order perturbation theory and derive an expression for the energy eigenvalues of a near prolate top.
c) Suppose that the near prolate top has a non-zero z component of the electric dipole moment.  In this case the selection rules are (J  =  1 and  (M  =  0.  Derive an expression for the frequencies of the allowed microwave transitions.  Since H is in frequency units, (  =  (E.
d) The appendix provides a tabulation of the microwave transitions observed for your molecule. Assign its microwave spectrum and determine a value of B + C.  In the second graded exercise, you will use Molecular Modeling to determine the conformation of your molecule from the value of B + C. 
2)  The second problem deals with the gas-phase infrared spectrum of

_________________________________________________________

Frequencies of the first overtone  (2(0=(() and fundamental  (1(0=(() transitions can be found in the appendix.  In one case, transitions of the hot band (2(1=(() are provided instead of those of the overtone.
a) Assign the transitions.  That is, provide J', J”, v', and v” of each.

b) Use non-linear regression to fit the frequencies to the quantum numbers and determine values of the following parameters:  (e, (exe, Be, (e, and De (centrifugal distortion constant).
c) Using the results from part (b), calculate the values of these parameters for an isotopomer of your molecule.  Identify the isotopomer.

d) Calculate values of re and De (the bond dissociation energy).

e) This portion of question 2 will provide a measure of the relative uncertainty of r, the distance between the two atoms in your diatomic molecule.  We shall use the standard deviation, (, as a measure of the uncertainty in r.  Since ( is defined with respect to the distribution of r about its mean value, we can express ( as

(  =  [<q2> - <q>2]0.5 where q  =  r - re
i) Show that the expression for ( simplifies to (  = [<q2>]0.5.

ii) Obtain an expression for ( for a vibrating molecule in state v.  Make the harmonic oscillator approximation.  If you are cleaver, you won’t have to perform nasty integrals of the associated Hermite polynomial.

iii)  Calculate the relative uncertainty in r, (/re, for the states v = 0, 1, and 2.  Interpret the results.
APPENDIX

I) Microwave spectra.  A tabulation of peak positions in GHz is provided for each compound.  The spectra were measured on Hewlett-Packard broadband microwave spectrometers at Harvard and UC-Santa Barbara by the instructor and his students. 
A) all trans 2,4-heptadienal

18.083, 19.210, 20.343, 21.470, 22.605, 23.744, 24.856, 26.003

B) trans cinnamaldehyde

26.553, 27.662, 28.761, 29.872, 30.981, 32.078, 33.194, 34.294, 35.404, 36.501, 37.618, 38.726, 39.827

C) 3-butenyl-1-trifluroacetate
18.55, 19.44, 20.31, 21.22, 22.05, 22.94, 23.82, 24.68, 25.57

D) beta ionone

27.027, 27.705, 28.518, 29.277, 30.013, 30.788, 31.528, 32.265, 33.039, 33.755, 34.520, 35.310, 36.030, 36.764, 37.528, 38.256, 39.023, 39.976

E) 1-iodentane (conformer 1)
18.448, 19.348, 20.224, 21.099, 21.976, 22.866, 23.752, 24.628, 25.503, 26.397

F) 1-iodopentane (conformer 2)

18.083, 19.083, 20.083, 21.099, 22.101, 23.109, 24.111, 24.114, 26.126

G) all trans 2,4,6-octatrienal

18.491, 19.259, 20.034, 20.804, 21.574, 22.349, 23.115, 23.887, 24.659, 25.428, 26.201

H) para anisaldehyde (conformer 1)

26.695, 28.036, 29.368, 30.705, 32.076, 33.375, 34.710, 36.045, 37.369, 38.709

I) para anisaldehyde (conformer 2)

27.543, 28.825, 30.160, 31.474, 32.782, 34.097, 35.403, 36.710, 38.022, 39.335

J) para methoxy nitrobenzene

31.742, 32.835, 33.932, 35.025, 36.115, 37.213, 38.313, 39.405

K) trans 1-bromo-3-pentene [81Br isotopomer] (conformer 1)
18.60, 19.75, 20.91, 22.04, 23.23,24.39, 25.55

L) trans 1-bromo-3-pentene [79Br isotopomer] (conformer 2)

18.769, 19.933, 21.114, 22.283, 23.456, 24.629, 25.809

II) Infrared spectra.  A tabulation of peaks in cm-1 is provided for each species.  The peaks are given in order without omission.
A) hydrogen iodide: S. Hurlock, R. M. Alexander, K. Narahari Rao, & N. Dreslea, J. Mol. Spectrosc., 37, 373-376 (1971).

1) HI

a) fundamental band

2102.181, 2117.597, 2132.707, 2147.516, 2161.990, 2176.168, 2190.025, 2203.541, 2216.723, 2242.087, 2254.257, 2266.071, 2277.510, 2288.616, 2299.330
b) overtone band

4201.178, 4220.620, 4239.428, 4257.604, 4275.121, 4291.973, 4308.190, 4323.742, 4338.626, 4352.844, 4366.369, 4391.390, 4402.875, 4413.652, 4423.714, 4433.076 4441.731, 4449.676, 4456.891, 4463.394, 4469.153, 4474.184, 4478.464, 4481.997, 4484.794
2) DI
a) fundamental band

1513.971, 1521.725, 1529.394, 1536.945, 1544.386, 1551.720, 1558.923, 1566.033, 1573.010, 1579.879, 1586.630, 1593.262, 1606.154, 1612.409, 1618.547, 1624.557, 1630.432, 1636.432, 1641.814, 1647.303, 1652.659, 1657.884, 1662.973, 1672.754, 1677.438, 1681.976, 1686.636, 1694.741, 1698.716, 1702.544
b) first overtone band

3074.573, 3083.467, 3092.116, 3100.543, 3108.729, 3116.686, 3124.404, 3131.404, 3139.099, 3146.090, 3152.851, 3165.620, 3171.628, 3177.395, 3182.913, 3188.187, 3193.187, 3197.962, 3202.477, 3206.736, 3210.732, 3214.471, 3217.953, 3221.178, 3224.128, 3226.826, 3229.260, 3231.430
B) hydrogen fluoride: D. E. Mann, B. A. Thrush, D. R. Lide, Jr., J. J. Ball, & N. Acquista, J. Chem. Phys., 34, 420-431 (1961) and W. F. Herget, W. E. Deeds, N. M. Gailar, R. J. Lovell, & A. H. Nielsen, J. Opt. Soc. Am., 52, 1113-1119 (1962).
1) HF

a) fundamental band

3212.88, 3269.85, 3326.00, 3381.45, 3436.08, 3489.76, 3542.13, 3593.42, 3644.09, 3693.42, 3741.48, 3788.21, 3833.68, 3877.72, 3920.33, 4001.02, 4038.96, 4075.29, 4109.95, 4142.85, 4173.99, 4203.31, 4230.78, 4256.33, 4279.94, 4301.45, 4321.28, 4339.15, 4354.66, 4368.12, 4379.67, 4389.01, 4396.12, 4401.21, 4404.10, 4404.87 

b) first overtone band

6999.31, 7072.57, 7143.14, 7211.70, 7277.96, 7341.22, 7402.05, 7460.30, 7515.85, 7568.62, 7618.55, 7665.64, 7709.73, 7788.90, 7823.84, 7855.65, 7884.28, 7909.67, 7931.82, 7950.70, 7966.23, 7978.37, 7897.09, 7992.58, 7994.55, 7992.94
C) hydrogen bromide: T. C. James & R. J. Thibault, J. Chem. Phys., 42, 1450-1457 (1965).
1) H79Br

a) fundamental band 

2241.759, 2264.422, 2392.918, 2413.031, 2432.739, 2452.045, 2470.931, 2489.419, 2507.453, 2525.068, 2542.219, 2575.142, 2590.910, 2606.198, 2621.004, 2635.298, 2649.090, 2662.374, 2675.140, 2687.382, 2699.084, 2710.251, 2720.859, 2730.913, 2740.413, 2749.348, 2757.699
b) hot band  (2(1=(()

2136.249, 2158.766, 2180.962, 2202.791, 2224.289, 2245.417, 2266.196, 2400.786, 2418.359, 2435.508, 2484.198, 2499.516, 2514.335, 2528.683, 2542.511, 2555.858, 2568.679, 2580.987, 2592.772, 2604.027, 2614.733, 2624.901, 2634.512, 2643.550, 2652.020, 2659.929, 2667.240

2) H81Br

a) fundamental band 

2241.491, 2264.129, 2392.583, 2412.691, 2432.392, 2451.695, 2470.580, 2489.059, 2507.084, 2524.688, 2541.834, 2574.756, 2590.521, 2605.814, 2620.607, 2634.897, 2648.675, 2661.968, 2674.728, 2686.961, 2698.655, 2709.823, 2720.434, 2730.491, 2739.980, 2748.906, 2757.256
b) hot band  (2(1=(()

2135.999, 2158.517, 2202.523, 2224.000, 2245.130, 2265.900, 2400.451, 2418.010, 2435.166, 2483.834, 2499.142, 2513.963, 2528.312, 2555.472, 2568.299, 2580.607, 2592.380, 2603.626, 2614.329, 2624.500, 2634.108, 2643.154, 2651.632, 2659.524, 2666.841, 2673.561

D) hydrogen chloride: G. Guelachvili, P. Niay, & P. Bernage, J. Mol. Spectrosc., 85, 271-281 (1981) and D. H. Rank, K. N. Rao, & T. A. Wiggins, J. Mol. Spectrosc., 17, 122 (1065).
1) H35Cl

a) fundamental band

2370.362, 2400.277, 2429.841, 2459.041, 2487.856, 2516.272, 2544.282, 2571.870, 2599.021, 2525.727, 2651.966, 2677.732, 2703.007, 2727.777, 2752.036, 2775.760, 2798.946, 2821.571,2843.625, 2865.099, 2906.247, 2925.897, 2944.916, 2963.286, 2981.001, 2998.047, 3014.413, 3030.087, 3045.056, 3059.317, 3072.851, 3085.650, 3097.704, 3109.006, 3119.536, 3129.303, 3138.287, 3146.470, 3153.864, 3160.442, 3166.214

b) first overtone band

5467.632, 5496.735, 5524.735, 5551.565, 5577.229, 5601.716, 5625.013, 5647.107, 5687.633, 5706.040, 5723.193 5739.079, 5753.686, 5766.999, 5779.008, 5789.698, 5799.057

2) H37Cl
a) fundamental band

2398.962, 2428.469, 2457.593, 2486.369, 2514.753, 2542.725, 2570.268, 2597.376, 2624.030, 2650.228, 2675.961, 2701.192, 2725.921, 2750.131, 2773.824, 2796.971, 2819.559, 2841.581, 2863.024, 2904.111, 2923.733, 2942.723, 2961.069, 2978.759, 2995.783, 3012.128, 3027.783, 3042.737, 3056.979, 3070.498, 3083.284, 3095.330, 3106.613, 3117.145, 3126.889, 3135.875, 3144.078, 3151.470, 3158.040, 3163.815, 3168.786, 3172.915

b) first overtone band
5499.579, 5520.406, 5541.323, 5562.316, 5583.373, 5604.481, 5625.627, 5646.799, 5689.169, 5710.341, 5731.487, 5752.595, 5773.652, 5794.646, 5815.562, 5836.389, 5857.114
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