CHE 310 L


Northern Kentucky University

SEPARATION AND SPECTROSCOPY


Previous techniques you will be expected to understand and perform: 
Extraction, Padias, pp. 130 – 142; NMR, Padias, pp. 77-100.


Required Readings: McMurry, Chapter 2.7 - 2.12, Chapter 11

You will be performing this experiment in pairs.


Millions of people daily prepare a pot of coffee or brew a cup of tea.  In so doing, they are performing an extraction, where a solvent such as water selectively removes certain ingredients from a natural product.  This provides us with many flavorings such as vanilla, almond and orange extracts, and spearmint and peppermint oils.  Certain dyes, drugs and perfumes are also obtained from natural sources by this method.  


You have already carried out simple extractions during this semester.  In this experiment, you will once again separate by extraction techniques a mixture of two organic compounds. You will be given an unknown sample which will consist of a mixture of two compounds (0.500 g each with molecular weights between 100 and 300) dissolved in a dichloromethane.  All of the unknowns will be solids at room temperature.  Your mixture will contain a neutral organic molecule, which might be a phenol, and either a carboxylic acid or an amine. You are to efficiently recover these substances form your mixture.  REMEMBER: It is important after any aqueous extractions to dry the organic layer before filtration and removal of solvent. Also remember that multiple extractions with small volumes are more efficient than one extraction with a large volume. Once recovered, you will identify your compounds the following week based upon their 1H and 13C NMR spectra (Refer to spectroscopy discussion and sample preparation).  Again, you will be given the molecular weight and combustion analysis for your unknowns so that you may determine their formulas.

THEORY

The intent of this experiment is to simulate the type of problem encountered daily by the practicing organic chemist.  Imagine, if you will, that you have just completed a chemical reaction and now have an unknown mixture of products that you must identify.  In general, if the mixture is composed solely of neutral substances, extraction procedures will not be of any use.  In the case where a chemist is confronted with a mixture of volatile neutral substances, distillation or vapor phase chromatography is the method of choice for resolving the mixture.  If the chemist is confronted with a mixture of solid neutral compounds, column chromatography or selective recrystallization is the method of choice for resolving the mixture.  However, if organic acids or bases are present in a mixture, extraction procedures effect the resolution of a mixture with such ease that it would be foolish to spend time on a lengthy distillation or chromatography.  An experienced chemist can go through the operations necessary to isolate and identify the components of an acid-base-neutral mixture in one or two hours.  


First, it is necessary to go over briefly the properties of organic acids and bases:


Organic acids:  Of course, all substances containing hydrogen atoms may be considered acidic to some degree.  However, only those substances whose conjugate base is highly resonance stabilized will form stable salts with usual bases such as NaHCO3.


Organic Bases:  All organic substances containing non-bonding electrons may be considered bases.  However, only the amino group is basic enough to form stable salts in dilute aqueous mineral acid. 

Separation Flowchart:
Prior to coming to lab, you and your partner must draw out a separation flowchart.  You must have this completed before you are given your unknown mixture.  It should contain a method for adequately separating your unknown compounds assuming that you have a mixture of organic neutral, acidic and basic compounds.  Use a ArOH (a phenol), RCO2H and RNH2 to represent your unknown neutral, acid and base, respectively.  Use a flow chart format to show how a mixture of these three compounds can be separated by extraction.  Draw STRUCTURES of the results of the extraction procedures; in other words, do not write names (i.e.,“the conjugate acid of the base”).  Predict what you will see (i.e., "a precipitate will form").  A partial flowchart and the chemicals you will have available to you are below.  You should also come to lab with an idea the volume and number of extractions you will need at each step.   
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 At the re-acidification and re-basification (neutralization) steps most unknowns will precipitate out of solution (“like dissolves like”: organic compounds are typically water-insoluble).  Separate the solid from the aqueous solution by filtration and wash well with cold water.  In a few cases a product will not precipitate as a solid.  Instead, it will oil out, remaining as a thin oily film floating on top of your aqueous layer --- appearing at first inspection be a hopeless situation.  What you will need to do here is a "back-extraction."  That is to say, you need to get your product back into an organic phase (solvent). Do this by adding ca. 30 mL of your extraction solvent to this aqueous phase and add this solution to your separatory funnel.  Your pure organic product is now back into the organic phase.  Wash with 2 X 30 mL portions of water, dry your organic layer with Na2SO4, and rotary evaporate the solvent.  You may need to do this for both the re-acidification and re-basification steps.  Remember:  the “back-extraction” procedure is used only when your unknown oils out.
For your report, complete the data sheet on the following pages.  For this experiment, submit ONE REPORT PER PAIR.  You do not need to submit individual reports for this experiment.  However, submit copies of both individuals notebook pages.  Also, include the ORIGINAL 1H and 13C NMR spectra, stapled to your report.  

MOST IMPORTANT: Draw the structure of your product directly on the NMR spectra, Label (a,b, etc.) the appropriate hydrogens or carbons on your structure and on the spectra as well.

DETERMINING MOLECULAR FORMULA FROM ELEMENTAL ANALYSIS

In order to determine the structure of your compound you will need its molecular formula. Molecular formulas are derived from a combination of elemental analyses (combustion analyses) and mass spectrometry. In elemental analysis a sample is burned and the products (CO2, H2O, etc.) are measured quantitatively to give an empirical formula. Mass spectrometry is a technique capable of determining the mass of individual molecules or their fragments.  In the vast majority of cases the empirical formula and the molecular formula are the same.

Example:  An unknown has a molecular weight of 194.23 g/mole and upon combustion analysis reveals a percent composition of:




C:  68.02%




H:  7.22%

First, realize that the numbers do not add up to 100%. It is very costly to determine oxygen content by elemental analysis, so most chemists determine the oxygen content by difference.  You may assume that the remaining percentage (24.76) comes from oxygen. So the complete percent composition is:




C:  68.02%




H:   7.22%




O:  24.76%

Now assume you have 100g of sample.  Therefore the sample contains 68.02g of carbon, 7.22g of hydrogen, and 24.76g of oxygen.  This provides a ratio of weights for the unknown, but you must obtain a ratio of atoms (or more precisely, moles).  So divide each weight by the element's gram atomic weight: 68.02g/12.01g/mole = 5.66 mole, etc.  Thus:




C5.66H7.22O1.55


Now divide by the lowest common denominator (in this case 1.55), giving




C3.65H4.66O1

and multiply by the appropriate number (usually 2, 3, or 6; in this case it is 3) to produce a whole number ratio.




C11H14O3
The above is the empirical formula (the formula derived from an experiment--the combustion analysis).  Its weight of 194 tells you that the empirical formula is also the molecular formula.  If it is determined that the empirical formula weight is, for example, one-half the molecular weight, then the empirical formula must be multiplied by two in order to obtain the molecular formula.  As an example, the empirical formula for benzene would be correctly determined experimentally to be CH, with an empirical weight of 13.  Since it is known that benzene has a molecular weight of 78, the empirical formula must be multiplied by 6, giving C6H6 as the correct molecular formula.

 13C NMR CHEMICAL SHIFT CALCULATION FOR

SUBSTITUTED BENZENE RINGS
To calculate the influence of functional groups (X) on the chemical shift positions of nearby carbons in the benzene ring, start with the base value of  128 and add the appropriate values for each substituent on the ring (see example on next page).

[image: image2.emf]








X para

meta

ortho

ipso


	Functional Group (X)
	ipso
	ortho
	meta
	para

	-CH3
	9
	0
	0
	-2

	1˚ R (-CH2R)
	15
	0
	0
	-2

	2˚ R (-CHR2)
	21
	0
	0
	-2

	3˚ R  (-CR3)
	27
	0
	0
	-2

	alkene (-CHCH2)
	9
	0
	0
	-2

	alkyne (-CCH)
	-6
	4
	0
	0

	aryl (-C6H5)
	13
	-1
	1
	-1

	-F
	35
	-14
	1
	-5

	-Cl
	6
	0
	1
	-2

	-Br
	-5
	3
	2
	-2

	-I
	-32
	10
	3
	-1

	-NH2
	18
	-13
	1
	-10

	-NHR
	20
	-14
	1
	-10

	-NR2
	22
	-16
	1
	-10

	-NO2
	20
	-5
	1
	6

	-NHCOR, -NRCOR
	10
	-7
	1
	-4

	-CN
	-16
	4
	1
	6

	-SH
	4
	1
	1
	-3

	-OH
	27
	-13
	1
	-7

	-OR
	30
	-15
	1
	-8

	-OCOR
	23
	-6
	1
	-2

	-CO2H, -CO2R, CONH2
	2
	2
	0
	5

	-COR, -CHO
	9
	1
	1
	6


Table values taken from:  Kemp, W.  “Organic Spectroscopy”, 3 rd ed., 1991.

Sample calculation:

For the aromatic compound
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1.
First determine how many nonequivalent carbons are in the proposed compound.


In this case, five nonequivalent carbons are present.  
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2.
Use the table provided on the previous page to calculate the expected chemical shifts for each aromatic carbon.


Ca = base value + ipso OH + para CHO = 128 + 27 + 6 = 161 ppm


Cb = base value + ortho OH + meta CHO = 128 - 13 + 1 = 116 ppm


Cc = base value + ortho CHO + meta OH = 128 + 1 + 1 = 130 ppm


Cd = base value + ipso CHO + para OH = 128 + 9 - 7 = 130 ppm

3.
For any other carbon in the structure (i.e. carbons not part of the aromatic ring), look up their expected 13C NMR chemical shift values.


Ce = aldehyde carbon 190-200 ppm

4.
To make the peak assignments, take into account the calculated or expected values and remember to check for appropriate proton coupling.

The calculated chemical shifts, for example for both Cc and Cd are exactly the same (130 ppm).  Notice, however, that Cc should be a doublet due to proton coupling (spectrum is however, proton decoupled) while Cd should be a singlet.  Double check each assignment for consistency!

SEPARATION AND SPECTROSCOPY OF AN UNKNOWN MIXTURE

DATA SHEET
	Name:
	
	Section:
	


	Partner(s):
	
	Unknown #:
	


Acidic / Basic (circle one) Component:
	Recovered Weight:
	
	
	Melting Point:
	

	Molecular Formula:
	
	
	Degrees of Unsaturation:
	


Draw the structure of the acid/base unknown below with all non-equivalent H’s labeled (a, b, etc.) for NMR identification. Redraw the structure with labels directly on the 1H NMR spectrum. Match each label with the corresponding peak(s) in the spectrum by writing the appropriate letter above the associated peak.  Label any NMR solvent peaks by writing the solvent above them.
1H NMR spectrum for A/B component:

	Complete the table below for the 1H NMR spectrum.  If necessary, use the expanded spectra for multiplicity and coupling constants. For Identification, use the same a, b, etc. that is used in the structure above and on the spectrum. Do not include solvent peaks in the table.
 (ppm)
	Multiplicity
	J, Hz
	Number of H’s
	Identification

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


Draw the structure of the acid/base unknown below with all non-equivalent C’s labeled (a, b, etc.) for NMR identification. Redraw the structure and labels directly on the 13C NMR spectrum. Match each label with the corresponding peak in the spectrum by writing the appropriate letter above the associated peak. Label any NMR solvent peaks by writing the solvent above them.
Draw an alternate structure (an isomer) that is still consistent with the 1H NMR spectrum of the acid/base unknown. Label all non-equivalent C’s (a, b, etc.) in the alternate structure such that they correspond with the calculated chemical shifts in the table below.
	Acid/Base unknown
	Alternate structure


13C NMR Spectrum for A/B Component:
Complete the table below for the 13C NMR Spectrum. For Identification, use the same a, b, etc. that is used in the unknown structure above and on the 13C spectrum.  Do include the solvent peaks in the table.
	Actual  (ppm)

from spectrum
	aCalculated  (ppm)
Acid/Base unknown
	aCalculated  (ppm)
alternate strucuture
	Identification

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


aapproximate range for those that cannot be calculated. Give your reference.

Based on your calculations, provide an explanation for why you feel acid/base unknown structure is better than the alternate.

Use the space below to calculate the molecular formula of your acid/base.

Use the space below to calculate the 13C chemical shift values for your unknown and alternate structure.  

Neutral Component:
	Recovered Weight:
	
	
	Melting Point:
	

	Molecular Formula:
	
	
	Degrees of Unsaturation:
	


Draw the structure of the neutral unknown below with all non-equivalent H’s labeled (a, b, etc.) for NMR identification. Redraw the structure and labels directly on the 1H NMR spectrum. Match each label with the corresponding peak(s) in the spectrum by writing the appropriate letter above the associated peak.  Label any solvent peaks on the spectrum writing the solvent above them.
1H NMR Spectrum for neutral component:

Complete the table below for the 1H NMR spectrum.  If necessary, use the expanded spectra for multiplicity and coupling constants. For Identification, use the same a, b, etc. that is used in the structure above and on the spectrum. Do not include solvent peaks in the table.

	 (ppm)
	Multiplicity
	J, Hz
	Number of H’s
	Assignment

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


13C NMR spectrum for neutral component:

Draw the structure of your neutral compound below with all non-equivalent C’s labeled (a, b, etc.) for NMR identification. Redraw the structure and labels directly on the 13C NMR spectrum. Match each label with the corresponding peak in the spectrum by writing the appropriate letter above the associated peak.  Label any solvent peaks on the spectrum writing the solvent above them.
13C NMR spectrum for neutral component:

Complete the table below for the 13C NMR Spectrum. For Identification, use the same a, b, etc. that is used in the structure above and on the 13C spectrum.  Do not include the solvent peak(s) in the table.
	Actual  (ppm)
	aCalculated  (ppm)
	Identification

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


aapproximate range for those that cannot be calculated. Give your reference.


Calculations for aromatic carbon chemical shifts:
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