Recrystallization of an Unknown Compound

Purpose/Theory:

 

The first experiment conducted served to introduce several important skills—recording melting points, IR spectra, and performing recrystallization. These techniques were combined to both identify an unknown compound and to attempt to purify it.

 

Recrystallization was the first technique the experimenter encountered. The process entails dissolving an impure compound in an appropriate solvent via heating, cooling, and then filtering (impurities must compose less than 10% of the solid lattice for this to work). This whole process hinges upon the solubility properties of the solute and its impurities in the solvent. Ideally, the impurities are soluble in the cold solvent and insoluble in the hot solvent while the solute has the opposite properties (i.e. readily soluble in hot solvent). Thus, choosing the solvent is the most critical step in the process. With the proper solvent, the crystals will dissolve, breaking lattices which trap impurities. Then, when cooled, the lattices reform between the compounds while the impurities remain soluble in solution. The pure crystals can then be filtered and collected for weighing. 

 

To dissolve the unknown compound, the solvent is generally similar in characteristics (the adage “like dissolves like”) to the solute. Also, small molecules (considered to contain less than five carbon atoms) are generally dissolved in water or polar solvents. Other characteristics, such as branching, presence of certain functional groups, etc., all also effect compound solubility. 

 

Once the unknown was recrystallized, melting points were measured both of the pure and impure solid using the appropriate apparati. These values helped, along with the IR spectra, to narrow down the possibilities for the unknown. 

 

The melting point, or the phase equilibrium between the solid and liquid states, for pure and impure compounds aided in narrowing the possible unknown range. However, the fact that impure compounds tend to melt at lower temperatures than the pure substance had to be taken into consideration. With the recrystallized compound, the melting point is much sharper, allowing a field of selected compounds to be narrowed even further.         



Infrared spectroscopy was the final technique and tool used to identify the unknown.  The process itself, though complicated in many regards, boils down to using the vibrational properties of molecules in order to identify different functional groups in a molecule. In this way specific pieces of a compound can be determined, allowing experimenters to construct the entire molecule using this and other information (i.e. NMR, melting point, etc.).

 

To identify the functional groups, the spectrum was printed and then examined. The printout is based on a transmittance scale, where wavenumbers (x axis) are plotted vs. %Transmittance(y axis). (See diagram below) The wavenumber (measured in reciprocal centimeters) is a unit which allows universal comparisons of IR spectra. Using these printouts, not only can certain groups (OH, carbonyls, etc.) be picked out, but by examining reference IR’s in the fingerprint region  (1500 cm-1 and below), very conclusive identifications can be made.   

 

The most difficult part of the lab involved becoming acquainted with the various equipment and learning how to prepare the sample for IR analysis. Making the pellet from a mixture of solid KBr and sample and getting it to the proper dimensions required a little practice. Other than that, the majority of the lab proved straightforward and gave good practice in basic lab techniques.

Reactions:  the only real “reaction” which took place involved the compound dissolving in the solvent (in this case chloroform) and then crystallizing back out at lower temperatures. Though no new products were formed, the process served to significantly purify the sample.

Data:

Unknown #9

I.)  Unknown’s Melting range (impure):     135-140 oC

II.)
Solvent


Observations when unknown added

Obs. after heating

Methanol

solid readily soluble 


Not applicable


Pentane                    
insoluble


small amount of unknown dissolved


Hexane 


insoluble



small amount dissolved


Chloroform

insoluble


readily soluble after heating

Solvent used: chloroform

Note: no colored impurities detected after the solid dissolved

III.)
Initial mass of impure solid: 300.5 mg  

Mass of recrystallized solid:   190.0 mg

Observations during Recrystallization:

During filtration, some crystals were observed in the filtrate. The crystals appeared to be much whiter.

IV.) Melting range of unknown after Recrystallization:    138-139 oC

Experimental Results:

1.)  
melting range of impure unknown:  135-140 C

melting point of recrystallized unknown:  138-139 C

2.)   % recovery: 
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initial mass of unknown solid: 300.5 mg

mass of unknown after Recrystallization: 190.0 mg
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3.) (spectrum and the standard spectra included)

peaks:  (cm-1)



cause:

722 & 702 



twisting of the benzene ring

1292 CH2-CO-O anti-symmetric stretching

1352 & 1530 



from the nitro group

1615 C=C  ring stretch

1693 associated w/the carboxylic acid (carbonyl like stretch)

3093 




C-H stretched from the benzene ring

4.) 
Unknown #: 9
 
Experimenters identification of the unknown: meta-nitrobenzoicacid
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Structure:

 
Melting Point: 142 C

Discussion:

 

In this experiment, a decent yield was produced while the melting points were close to the actual compound’s melting point the experimenter identified as the unknown. The yield, ~63%, seemed acceptable considering it was the first time conducting such an experiment and after comparison with other experimenter’s values. Also, the melting ranges appear to be fairly consistent with that of what the experimenter has identified the unknown to be; meta-nitrobenzoic acid (melting point 142 C).  Though the boiling point did not go up significantly after purification, this could mean little impurities existed before recrystallization. (Also, the initial melting point was already over a fairly small range.). Since the thermometers have a deviation of (2 degrees, which may have affected the reading in some way, the melting point appears to be fairly accurate. 

 

As previously discussed in the THEORY section, the unknown identification stemmed on two techniques; IR spectroscopy and melting point determination. First, the experimenter recrystallized the unknown and then measured both it and the impure samples melting ranges. This range (within (5 degrees Celsius) provided a starting point for IR spectra determinations. Once the IR was collected, the process of elimination began. 

 

Since no sp3 carbon stretches were observed in the 3000-below range, and due to the obvious carbonyl and arene like stretches in the 3000+ and 1700+ ranges, the experimenter was able to select three main candidates for the unknown’s identity. Then after checking the stockbooks, the IR seemed most consistent with the m-nitrobenzoic acid (boiling point 142) (see attached IR and standard IR for comparison).

From this point, the other IR stretches were assigned as follows:
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 The stretches in the 700 range are due to twisting of the benzene ring, the stretches at ~1350 and 1615 are due to the nitro group, the stretches at ~1300 are due to CH2-CO-O stretching, the stretch at 1530 is due to C=C ring stretching, the stretch at ~1700 can be attributed to the carboxylic acid/carbonyl like stretch, and finally the stretching at ~3100 is due to C-H stretching in the benzene ring. 

Structure of m-nitrobenzoicacid:

 

Though the data seemed acceptable, error could have stemmed from many sources; in measuring samples, loss of sample while filtering, when washing the flasks, the choice of an improper solvent, etc. Some of these sources could be diminished a second time with experience in the technique but many are unavoidable (i.e. some transfer errors from the filter, from the flask, etc. are impossible to avoid). Otherwise data seem fairly consistent and validates the use of the equipment and methods for purification and identification of an unknown organic compound. 
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