Lecture 33+34

January 28, 2005 

Purification: 

Column chromatography:

Columns for chromatography can be small or big, according to the amount of material, which needs to be loaded onto the column. Pictured below are three glass columns.

	
	The "column" on the far left in the photo is actually a Pasteur pipette. This size of column is suitable for 10-125 mg of material. The middle column is a 10 mL disposable glass pipette. You can load about a gram of material on this size column. The column on the right would be used for many grams of material. 

Of the three columns pictured, only the column on the right is actually manufactured as a chromatography column. Note the stopcock at the bottom of the column. This is to control the flow of solvent through the column, important for gravity column chromatography applications.

The middle column is used for gravity column chromatography. Note the piece of flexible tubing, which has been added to the bottom of the column. To control the flow of solvent, a pinch clamp would be placed on the flexible tubing at the bottom.

	The Pasteur pipette column is used for micro-scale gravity and micro-scale flash chromatrography procedures; these procedures (usually) do not require a means of control of gravity-induced solvent flow through the column.

Much larger chromatography columns are available than the one on the right. The size employed depends on the amount of material, which needs to be separated. Large-scale flash columns look like this column but have a standard taper connection at the top so they can be connected to a source of pressurized air.

In the Organic Chemistry teaching labs, the most frequently used column is the Pasteur pipette. They work well in micro-scale flash column chromatography procedures because a pipette bulb fits conveniently on top of them to serve as a source of pressurized air (when you press on the bulb!). Micro-scale procedures are used whenever feasible to cut down on waste chemical production.
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1) Prepare the column.

The column is packed using a simple dry-pack method. 
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Plug a Pasteur pipette with a small amount of cotton; use a wood applicator stick to tamp it down lightly. Take care that you do not use either too much cotton or pack it too tightly. You just need enough to prevent the adsorbent from leaking out.
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Add dry silica gel adsorbent, 230-400 mesh -- usually the jar is labeled "for flash chromatography." One way to fill the column is to invert it into the jar of silica gel and scoop it out . . .
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	Then tamp it down before scooping more out.
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	Another way to fill the column is to pour the gel into the column using a 10 mL beaker.
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	Whichever method you use to fill the column, you must tamp it down on the bench top to pack the silica gel. You can also use a pipet bulb to force air into the column and pack the silica gel.
	
	When properly packed, the silica gel fills the column to just below the indent on the pipet. This leaves a space of 4–5 cm on top of the adsorbent for the addition of solvent. Clamp the filled column securely to a ring stand using a small 3-pronged clamp.


	
	
	
	

	
	(2) Pre-elute the column.

The procedure for the experiment that you are doing will probably specify which solvent to use to pre-elute the column. A non-polar solvent such as hexanes is a common choice.
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	Monitor the solvent level, both as it flows through the silica gel and the level at the top. If you are not in a hurry (or busy doing something else), you can let the top level drop by gravity, but make sure it does not go below the top of the silica. Again, the arrow marks how far the solvent has flowed down the column.
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	Add hexanes (or other specified solvent) to the top of the silica gel. The solvent flows slowly down the column; on the column above, it has flowed down to the point marked by the arrow.
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	Speed up the process by using a pipet bulb to force the solvent through the silica gel - this puts the flash in microscale flash chromatography. Place the pipet bulb on top of the column, squeeze the bulb, and then remove the bulb while it is still squeezed. You must be careful not to allow the pipet bulb to expand before you remove it from the column, or you will draw solvent and silica gel into the bulb.
	
	
	When the bottom solvent level is at the bottom of the column, the pre-elution process is completed and the column is ready to load.
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	If you are not ready to load your sample onto the column, it is okay to leave the column at this point. Just make sure that it does not go dry -- keep the top solvent level above the top of the silica (as shown in the picture to the left) by adding solvent as necessary.
	
	
	


(3) Load the sample onto the silica gel column.

Two different methods are used to load the column: the wet method and the dry method: wet and dry. Below are illustrations of both methods of loading a crude sample of ferrocene onto a column. 

In the wet method, the sample to be purified (or separated into components) is dissolved in a small amount of solvent, such as hexanes, acetone, or other solvent. This solution is loaded onto the column.
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	Wet loading method 

The column at the left is being loaded by the wet method. Follow the thumbnails below to see close-up details of the sample as it is allowed to sink into the column. Once it's in the column, fresh eluting solvent is added to the top and you are ready to begin the elution process (see step 4).
	

	
	
	
	
	

	
	
	
	


	


	


	
	

	
	
	
	
	
	
	
	


Sometimes the solvent of choice to load the sample onto the column is more polar than the eluting solvents. In this case, if you use the wet method of column loading, it is critical that you only use a few drops of solvent to load the sample. If you use too much solvent, the loading solvent will interfere with the elution and hence the purification or separation of the mixture. In such cases, the dry method of column loading is recommended.
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	Dry loading method 

First dissolve the sample to be analyzed in the minimum amount of solvent and add about 100 mg of silica gel. Swirl the mixture until the solvent evaporates and only a dry powder remains. Place the dry powder on a folded piece of weighing paper and transfer it to the top of the prepared column. Add fresh eluting solvent to the top -- now you are ready to begin the elution process (see step 4). Follow the thumbnails below to see close-up details of this process.
	
	

	
	
	
	


	


	


	


	


	

	
	
	
	
	
	
	
	
	
	


(4) Elute the column.

Force the solvent through the column by pressing on the top of the Pasteur pipette with a pipette bulb. Only force the solvent to the very top of the silica: do not let the silica go dry. Add fresh solvent as necessary.
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	The photo at the left shows the solvent being forced through the column with a pipette bulb. 

The series of 5 photos below show the colored compound as it moves through the column after successive applications of the pipette bulb process.

The last two photos illustrate collection of the colored sample. Note that the collection beaker is changed as soon as the colored compound begins to elute.

The process is complicated if the compound is not colored. In such experiments, equal sized fractions are collected sequentially and carefully labeled for later analysis.
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(5) Elute the column with the second elution solvent.

If you are separating a mixture of one or more compounds, at this point you would change the eluting solvent to a more polar system, as previously determined by TLC. Elution would proceed as in step (4).

(6) Analyze the fractions.

If the fractions are colored, you can simply combine like-colored fractions, although TLC before combination is usually advisable. If the fractions are not colored, they are analyzed by TLC (usually). Once the composition of each fraction is known, the fractions containing the desired compound(s) are combined.

When you reach to a stage that a single compound is present you can confirm do Crystallization and re-crystallization check the melting point.

Or proceed to get spectral Data like Ultra violet, Visible or Infrared
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Ultra violet, Infra red and Nuclear magnetic resonance spectra are important both for identification of an organic molecule as well as trekking a bioactive molecules /secondary metabolites.
Ultra violet
When sample molecules are exposed to light having an energy that matches a possible electronic transition within the molecule, some of the light energy will be absorbed as the electron is promoted to a higher energy orbital. An optical spectrometer records the wavelengths at which absorption occurs, together with the degree of absorption at each wavelength. The resulting spectrum is presented as a graph of absorbance (A) versus wavelength, 
Vitamine A ,Vitamine C and vitamine  E can thus be checked in a sample containing these.
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UV absorbances are of (A) β-carotene, (B) vitamine C and (C) Vitamine E are shown above. Absorbance are at specific wave length and ranges from 0 to 99%. 

Similarly: 
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These characteristic absorbance of molecules are used in detecting compounds in TLC, Column and gas chromatography  

Here you can examine mentha oil GC peak (1) Menthol (87 %); (2) Menthyl acetate (10 %) [Both peaks confirmed by GC-MS and NMR].
IR Spectroscopy to Organic Molecules
Organic functional groups differ from one another both in the strength of the bond(s) involved, and in the masses of the atoms involved. For instance, the O-H and C=O functional groups each contain atoms of different masses connected by bonds of different strengths. We therefore expect the O-H and C=O groups to absorb IR radiation at different positions in the spectrum. The presence of a strong, broad band between 3200 and 3400 cm-1 indicates the presence of an O-H group in the molecule, while the presence of a strong band around 1700 cm-1 confirms the presence of a C=O group.

For organic molecules, the infrared spectrum can be divided into three regions. Absorptions between 4000 and 1300 cm-1 are primarily due to specific functional groups and bond types. Those between 1300 and 909 cm-1, the fingerprint region, are primarily due to more complex interactions in the molecules; and those between 909 and 650 cm-1 are usually associated with the presence of benzene rings in the molecule. Some particularly important regions are indicated in 
Table 1. Vibration frequency for organic molecules:

	 Bond Type
	 Specific Context
	 , cm-1 

	 Stretching Frequencies
	  
	  

	C-H
	 Csp3-H
	 2800-3000

	  
	Csp2-H
	 3000-3100

	 
	 Csp-H
	 3300

	 C-C
	 C-C
	 1150-1250

	 
	 C=C
	1600-1670

	  
	 CC
	 2100-2260

	 C-N
	 C-N
	1030-1230

	 
	C=N
	 1640-1690

	  
	 CN
	 2210-2260

	 C-O
	 C-O
	 1020-1275

	  
	 C=O
	 1650-1800

	 C-X
	 C-F
	 1000-1350

	  
	C-Cl
	 800-850

	  
	 C-Br
	 500-680

	  
	 C-I
	 200-500

	 N-H
	 RNH2, R2NH
	 3400-3500 (two)

	  
	 RNH3+, R2NH2+, R3NH+
	 2250-3000

	  
	 RCONH2, RCONHR'
	 3400-3500

	 O-H
	 ROH
	 3610-3640 (free)

	  
	  
	 3200-3400 (H-bonded)

	  
	RCO2H
	 2500-3000

	 N-O
	 RNO2
	 1350,1560

	  
	 RONO2
	 1620-1640, 1270-1285

	  
	 RN=O
	 1500-1600

	  
	 RO-N=O
	 1610-1680 (two), 750-815

	  
	 C=N-OH
	930-960

	  
	 R3N-O+
	 950-970

	 S-O
	 R2SO
	 1040-1060

	  
	 R2S(=O)O
	 1310-1350

1120-1160

	  
	R-S(=O)2-OR'
	 1330-1420, 1145-1200

	 Cumulated systems
	 C=C=C
	 1950

	  
	 C=C=O
	 2150

	  
	 R2C=N=N
	 2090-3100

	 
	 RN=C=O
	 2250-2275

	  
	 RN=N=N
	 2120-2160

	 Out-of-plane bending vibrations
	  
	 

	 Alkynes
	 CC-H
	 600-700

	 Alkenes
	 RCH=CH2
	 910, 990

	  
	 R2C=CH2
	 890

	  
	 trans-RCH=CHR
	 970

	  
	 cis-RCH=CHR
	 725, 675

	  
	 R2C=CHR
	 790-840

	 Aromatic
	 mono-
	 730-770, 690-710 (two)

	  
	 o-
	 735-770

	  
	 m-
	 750-810, 690-710 (two)

	  
	 p-
	 810-840

	  
	 1,2,3-
	 760-780, 705-745 (two)

	  
	 1,3,5-
	 810-865, 675-730 (two)

	  
	 1,2,4-
	 805-825, 870, 885 (two)

	  
	 1,2,3,4-
	 800-810

	  
	 1,2,4,5-
	 855-870

	  
	 1,2,3,5
	 840-850

	  
	 penta-
	 870

	 Carbonyl Stretching Frequencies
	  
	  

	 Aldehydes
	 RCHO
	 1725

	  
	 C=CCHO
	 1685

	  
	 ArCHO
	 1700

	 Ketones
	 R2C=O
	 1715

	  
	 C=C-C=O
	 1675

	  
	 Ar-C=O
	 1690

	  
	 four-membered cyclic
	 1780

	  
	 five-membered cyclic
	 1745

	  
	 six-membered cyclic
	 1715

	 Carboxylic Acids
	 RCOOH
	 1760 (monomer)

1710 (dimer

	  
	 C=C-COOH
	 1720 (monomer)

1690 (dimer)

	  
	 RCO2-
	 1550-1610, 1400 (two)

	 Esters
	 RCOOR
	 1735

	  
	 C=C-COOR
	 1720

	  
	 ArCOOR
	 720

	  
	 -lactone
	 1770

	  
	 -lactone
	 1735

	 Amides
	 RCONH2
	 1690 (free)

1650 (associated)

	  
	 RCONHR'
	 1680 (free)

1655 (associated)

	  
	 RCONR2'
	 1650

	  
	 -lactam
	 1745

	  
	 -lactam
	 1700

	  
	 -lactam
	 1640

	 Acid anhydrides
	  
	 1820, 1760 (two)

	 Acyl halides
	  
	 1800

	 
	 
	 


When you analyze the spectra, it is easier if you follow a series of steps in examining each spectrum.

 
	Look first for the carbonyl C::O band. Look for a strong band at 1820-1660 cm-1. This band is usually the most intense absorption band in a spectrum. It will have a medium width. If you see the carbonyl band, look for other bands associated with functional groups that contain the carbonyl by going to step 2. If no C::O band is present, check for alcohols and go to step 3.

	If a C::O is present you want to determine if it is part of an acid, an ester, or an aldehyde or ketone.
 At this time you may not be able to distinguish aldehyde from ketone and you will not be asked to do so.

	ACID
	Look for indications that an O-H is also present. It has a broad absorption near 3300-2500 cm-1. This actually will overlap the C-H stretch. There will also be a C-O single bond band near 1100-1300 cm-1. Look for the carbonyl band near 1725-1700 cm-1.

	ESTER
	Look for C-O absorption of medium intensity near 1300-1000 cm-1. There will be no O-H band.

	ALDEHYDE
	Look for aldehyde type C-H absorption bands. These are two weak absorptions to the right of the C-H stretch near 2850 cm-1 and 2750 cm-1 and are caused by the C-H bond that is part of the CHO aldehyde functional group. Look for the carbonyl band around 1740-1720 cm-1.

	KETONE
	The weak aldehyde CH absorption bands will be absent. Look for the carbonyl CO band around 1725-1705 cm-1.

	If no carbonyl band appears in the spectrum, look for an alcohol O-H band.

	ALCOHOL
	Look for the broad OH band near 3600-3300 cm-1 and a C-O absorption band near 1300-1000 cm-1. 

	4. If no carbonyl bands and no O-H bands are in the spectrum, check for double bonds, C::C, from an aromatic or an alkene.

	 ALKENE
	Look for weak absorption near 1650 cm-1 for a double bond. There will be a CH stretch band near 3000 cm-1. 

	 AROMATIC
	Look for the benzene, C::C, double bonds which appear as medium to strong absorptions in the region 1650-1450 cm-1. The CH stretch band is much weaker than in alkenes.

	If none of the previous groups can be identified, you may have an alkane.

	ALKANE
	The main absorption will be the C-H stretch
 near 3000 cm-1. The spectrum will be simple with
 another band near 1450 cm-1.

	ALKANE
	The main absorption will be the C-H stretch
near 3000 cm-1. The spectrum will be simple 
with another band near 1450 cm-1.
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Spectroscopy techniques coupled with separation technique has been widely used in the chemistry of natural products: 

Example: 
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Examples of application of spectroscopy in chemistry of natural products:

	Application of spectroscopy
	References

	Separation of essential oil components
	See above 

	Phytochemical screening 
	J. -L. Wolfender, S. Rodriguez and K. Hostettmann

	Separation of alkaloid
	Banasri Hazra ,Madhushree Das Sarma, and Utpal Sanyal

	Separation of saponin mixture
	W. A. Oleszek

	Identification of herbal drugs 
	

	Biological activity
	Wolfender JL, Ndjoko K, Hostettmann K.

	Identification of organic entity
	


