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Unless noted otherwise, each question is worth 3 points
1. You have been attempting to develop a catalyst to dimerize aldehydes to cis alkenes.  You carry out the following reaction:  (9 points)
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(a) How can you use proton NMR spectroscopy to determine if the cis or trans alkene is formed?

It is used by passing an external magnetic force which causes the nucleus to align themselves in a certain direction. When cis alkene is formed, it produces a different signal which is opposite to a signal produced by a trans alkene.
(b) Analysis of the IR and proton NMR spectra demonstrate that an alkene was not formed.  Assuming a reaction between the two benzaldehydes and the spectra below, give a possible structure for the product.
Benzoic acid will be formed. Benzaldehydes react with an oxidizing agent, used as a catalyst to form a acid.
C6H5COOH
2. Define each of the following. (9 points)
(c) Racemate
Is a mixture that has equal amounts of left and right handed stereoisomers that are non-superimposable (enantiomers) of a chiral molecule.
(d) Optically active
Is a phenomenon which is found in compounds or substances which are chiral, and have the ability to rotate plane polarized light 
(e) Specific rotation

It is a property of chiral chemical compounds which can be defined as change in the orientation of a monochromatic plane polarized light, per unit distance which is expressed as the angle to which the material causes the polarized light to rotate at a particular temperature,  concentration and wavelength.
3. The graph below is best describe as a
(a)  chromatogram
(b)  spectrum
(c)  phase diagram
(d)  calibration curve
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Chromatogram
4. Which of the following compounds is chiral?

(a) 
[image: image3.wmf]O

H

O


(b)  
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(c)  
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(d)  
[image: image6.wmf]
Compound (a).
5. Defend or refute:  Unsymmetrical geometric isomers (cis and trans isomers) of alkenes can be distinguished using proton NMR spectroscopy. (4 points)
Yes. This is because these isomers when exposed to an external magnetic field produce different signals. This results from the difference in hydrogen yields in the isomers. Protons in these isomers will spin differently depending on whether they are in the same chemical environment or not.
6. A racemic mixture of carboxylic acids may be separated by

(a) adding an enantiomerically pure amine to form enantiomeric salts

(b) adding an enantiomerically pure amine to form diastereomeric salts

(c) adding diastereomeric amines to form diastereomeric salts

(d) adding racemic amine to form diastereomeric salts

7. Correct the italicized portion of each statement so it is correct. (9 points) 
(a) Absorption of infrared leads to an increase in molecular rotational  and Vibrational energy states
(b) Chloroform (CDCl3) which corresponds to  CHCl3  is commonly used as a solvent in NMR spectroscopy.

(c) A solution with a 50% percent optical activity contains a 50:50 mixture of  the Enantiomers, ie (R:S).
8. A G.C. detector with a high sensitivity for a variety of compounds commonly used with capillary columns is

(a)  ECD
(b)  TCD
(c)  FID
(d)  all the same

(c) TCD
9. Select the compound that gives the following spectrum.
(a)  
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(c)  
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(d)  
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The compound is (b)
10. Select the compound that gives the following spectrum.
(a)  
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(b)  
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(c)  
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The compound is (d)
11. Carbonyls have a stronger IR stretch than alkene functional groups because

(a) Oxygens atoms have greater mass than carbon atoms.

(b) The C=O bond is stronger than the C=C bond.

(c) The carbonyl has a larger dipole than the alkene functionality.

(d) All of the above are true.

12. The infrared spectroscopic analysis of a symmetrical compound with the molecular formula of C4H6O, shows absorption bands at 3080, 1620, and 700 cm-1. There are no bands in the 3400 cm-1 region. Give the structure of the compound.  
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1-Benzylimidazole: C10H10N2.
Use the given molecular formula and NMR spectrum to determine the molecular structure. Justify your answer. (4 points)


[image: image17]
The structure is as shown below
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Can also be written as CH3(CH2)4COCH3. This molecular structure is as a result of a high molecular weight of approximately 114g mol and a high complexity percentage of 66.8%.
13. Use the given molecular formula and NMR spectra to determine the molecular structure. Justify your answer. (4 points) 
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The molecular structure shown above is as a result of the compound being an ethyl ester which have strong bonds 

14. Using the structure below, answer the following questions. (4 points)
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(a) The chemical shift of proton A is

(i)  1.65 ppm
(ii)  2.72 ppm
(iii)  3.59 ppm
(vi)  9.68 ppm

(ii) 2.72 ppm
(b) Draw the multiplet for proton B.

CH2CH2OC(O) 
(c) What is the expected integration of the singlet at 1.21 ppm?

A single integration is expected at 1.21 ppm 
(d) How many signals (ignoring splitting) are expected in the C-13 spectrum?

31,571 signals
15. The chemical shift in order of increasing ppm for the protons of the following compounds is
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(a)  A  <  B  <  C  <  D
(b)  A  <  C  <  B  <  D

(c)  D  <  B<  A  <  C
(d)  D  <  B  <  C  <  A
16. The expected elution order, from smallest to largest retention time, for the following com-pounds using a G.C. and a 30 meter non-polar capillary column

(a) acetone  <  ethyl acetate  <  cyclohexane

(b) ethyl acetate  <  acetone  <  cyclohexane

(c) ethyl acetate  <  cyclohexane  <  acetone

(d) acetone  <  cyclohexane  <  ethyl acetate  

17. True or false, laboratory gloves are assumed to be contaminated as soon as they are put on. 
True
18. The dehydration of 2,3-dimethyl-2-butanol with phosphoric acid yields two alkenes: 
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A GC analysis of the product mixture using a six-foot, SE-30 packed column at 110°C afforded the following chromatogram:
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The compound responsible for the major peak (RT = 4.88) was isolated and an IR spectroscopic analysis done:
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(a) Based on the experimental data (G.C. and IR), which alkene is the major product? Defend your assignment. (4 points)
2,3-dimethyl-2-butene
The reason is because of the high frequencies and the high temperature required to break the c=c bond.
(b) Calculate the percent composition of the compound responsible for the peak at 4.88. Assume the response factors for the two compounds are the same.(3 points)
4.88 + 4.45 = 9.33
MW = 102.16g/mol

MW for each alkene = 84.16g/mol

% composition = 9.33÷4.88 = 1.912 × 102.16

= 195.3÷84.16
100-32 = 68% 
(c) Give three distinct changes that could be made to increase the resolution of the two peaks in the gas chromatogram.(3 points)
Using a better instrument like the UHPLC

Doing derivatization before LC separation

Having well maintained instrument to produce sharp ams symmetrical peaks
19. Your company, Chiral Synthesis Inc., is looking to procure a supplier of (R)-(-)-2-phenoxy-propionic acid. A potential supplier, the I.B. Enzyme Company, provided a sample for your inspection. The I.B. Enzyme Company maintains that their enzymatic generation of (R)-(-)-2-phenoxypropionic acid gives a high quality product that is worth its weight in enzyme. 
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2-phenoxypropionic acid

(a) You initially examine the sample using 1H NMR spectroscopy. An NMR spectroscopic analysis of the sample provided by the I.B. Enzyme Company gave a spectrum that was consistent with 2-phenoxypropionic acid. Identify the hydrogens responsible for each signal in the 1H NMR spectrum. (Notice that each type of phenyl hydrogen gives a discernable signal and therefore can be assigned.)(3 points)
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The hydrogens responsible for the signals are 6.9 ppm, 1.8 ppm and 3.7 ppm.
(b) I.B. Enzyme Company claims that their product was of high purity, you wanted to confirm that it was the (R)-enantiomer. (Does the I.B. Enzyme Company know their left from their right?) You thus carried out a polarimetry analysis. (3 points)
sample concentration: 0.960 g/mL
path length: 1.0 dm

 = 599 nm (Na D-line)
temperature: 25.0°C

Determine the value of the observed optical rotation from the following scale:
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 = 16.2/(1.0 × 0.960g/mL) = 16.875degrees*mL/ dm*g.
(c) Is it the (R)-enantiomer?  Briefly justify your answer.(2 Points)
It is the (R)-enantiometer because it has w molecules which are related forming a mirror image molecule (chiral).
(d) Using the data from problem 2b, determine the specific rotation of the sample. (3 points)
The specific rotation of the sample will be to the right which is a characteristic property of the compound. The rotation is to the right because the value is in the first quarter of s sphere.
(e) The specific rotation for the enantiomerically pure (R)-(-)-2-phenoxypropionic acid is 
-16.4°.  Calculate the percent optical yield.( 3  points)
%optical yield = actual yield/theoretical yield × 100.

= 0.96× 76 = 74.88g
= 72.8÷74.88 = 0.9722

= 97.22%.
20. Name your favorite experiment this semester and briefly provide a reason for your choice. (+3 points)
The favorite experiment this semester was on IR spectroscopy where we determinedthe composition of different compounds. This experiment was important as I was able to understand the different constituents of compounds we use in the lab. Also, I understood how these compounds behave when exposed to different conditions, like temperature and or reacted with other compounds.
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