Abstract-


This experiment sets out to determine the identity of three unknown organic compounds within a mixture. This is done through a series of separations and identification techniques, such as fractional distillation, refractive index analysis, various chemical tests, and an infrared analysis.


The three compounds of unknown mixture #131 were found to be Diethylamine, 2-butanol and 2-Octanone.
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Figure 1. Structures of the compounds present in unknown mixture #131

Introduction-

For the separation part of this experiment fractional distillation is used. This technique separates the compounds by there boiling points. This is done through a distillation apparatus, as seen in figure 2. The distillation apparatus basically heats the mixture until components of the mixture evaporate; leaving the less volatile compounds in the distilling flask. The vaporized compounds pass through a fractionating column (not shown in the diagram), where it may condense and re-evaporate off of the numerous projections within the column. Passing the vapor through the column is done to further differentiate the compounds present in the vapor, i.e. excited molecules from less volatile compounds in the vapor are given a chance to release their excess energy and condense back into the mixture whiles the more volatile compounds are separated. This results in the vapor leaving the column being richer in the more volatile compound. The evaporated compound is then passed through a condenser condensed where it is condensed and collected in a receiving flask (White and Buchanan, 2003).

The distillates should be taken when the temperature indicated by the thermometer above the fractionating column, remains at a constant temperature, this temperature is the boiling point of the distillate (Hill and Holman, 1998). For the other compounds to be separated the temperature is increased. In order to ensure purity of the distillates a chaser is taken. A chaser is the distillate taken when the temperature of the vapor is changing i.e. the distillate taken whiles the less volatile compound is almost gone from the mixture and the other compound starts to evaporate. The chaser could also be used to recover more compound if needed, since it is basically a mixture of two compounds; This is achieved by distilling the chase (White and Buchanan, 2003).

Repeat distillation of the distillates would give a better yield of each compound (Hill and Holman, 1998). For this process to accurately separate the compounds, the boiling points of each compound should differ by 40°C or more (White and Buchanan, 2003).


Since the compounds are now separated identification tests can be done. The first of these identification tests should be the Infrared Analysis. This is because this is the single most important analysis in identifying the compounds, since it gives you information about the functional groups present on the compounds (Jones, 2000).


The IR spectrum involves the absorption of photons (1-10 Kcal/mol) by the compound; this amount of energy is enough to cause vibration changes in the molecule but weak enough to not break the chemical bonds in the compound. Photons at various wavelengths are shone upon the compound; functional groups present in the compound absorb these photons at differing wavenumbers (1/wavelength), depending on the functional group (Morrison and Boyd, 1989). For example amines absorb at wavenumber of 3500cm-1-3100cm-1, alcohols absorb between 3200cm-1-3600cm-1, Carboxylic acids absorb between 3400cm-1 -2500cm-1 etc. (a full list of absorption peaks in appendix A). The decrease in transmittances caused by the absorption is detected by the spectrometer and is projected in a spectrum between 4000cm-1 - 400cm-1. Functional groups in the compound are identified by the presences of their characteristic peaks (White and Buchanan, 2003).


The IR spectrum consists of basically two regions the Diagnostic absorption region and the fingerprint region. The diagnostic region (4000 cm-1-1600 cm-1) shows the functional group absorption peaks and is very general i.e. functional groups are easily identified since they differ slightly from corresponding groups. The fingerprint region (1600 cm-1-400 cm-1) is specific to each compound and is caused by the interactions of vibrating bonds from the diagnostic region. This region may be used to confirm the purity of the distillate by comparing it to the actual compound’s IR spectrum, when deduced (White and Buchanan, 2003).

Once the functional groups of the compound are identified, chemical tests may be administered to deduce the structure of the compounds. If an amine is present the Simon test for aliphatic amines and the modified Simons test for aromatic amines may be used to distinguish between primary, secondary and thirty amines. For this test the amine group reacts or doesn’t react with acetaldehyde and then complexes with sodium nitroprusside to give a distinctive color for different amines (White and Buchanan, 2003).

If an alcohol/phenol is present the Ceric Nitrate reagent test or the Chromic acid in acetone test may be used. If the number of carbons in the compound is less than ten then the compound would react with ceric nitrate to produce a red solution if it is an alcohol, but if it is a phenol it would produce a brown to green precipitate (White and Buchanan, 2003). Primary alcohols, secondary alcohols and all aldehydes are oxidized by Chromic acid in acetone to produce a color change from orange to green, but gives no apparent reaction with thirty alcohols or phenols. The refractive index of the compound is used to compare against the suspected compound with the referenced compound. All of these characteristics are compared to referenced compound and the unknown compounds are deduced (White and Buchanan, 2003).
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Figure 2 Distillation apparatus used in the experiment (fractionating column not shown)

Experimental Procedure-




The distillation apparatus was set up as shown in figure 2 above, with the fractionating column connected to the distilling flask, containing the unknown mixture and attached to the rest of the apparatus, a heating mantel was used in the place of the burner and the receiving flask was a test tube. Before commencing the joints or the apparatus were double checked to make sure no leaks were present.


The heating mantel was connected to the lab power supply and the varic setting was set at 3. The distillate was collected until the thermometer reading stayed constant for over 2 minutes, this was labels Chase 1. Another test tube collected the distillate over the constant temperature until it changed this was labeled Distillate 1, this temperature was recorded in table 1. The varic setting was raised to 5, and the chase collected in a test tube until the temperature remained constant, this test tube was labeled chase 2. The second distillate was collected in another test tube over a constant temperature, this test tube was labeled Distillate 2, and the constant temperature was recorded in table 1.

The varic setting was raised to 7, and the chase collected in a test tube until the temperature remained constant, this test tube was labeled chase 3. The third distillate was collected in another test tube over a constant temperature, this test tube was labeled Distillate 3, and the constant temperature was recorded in table 1.

A nujol IR spectrum was taken of distillates 1, 2 and 3 (see appendix B). Characteristic Functional group peaks were identified in the diagnostic region and were compared to the IR spectrums of suspected organic compounds, present in Aldrich Library of FI-IR spectra.


The Amine functional group was noticed in the IR spectrum of distillate 1 and the Simons test was administered. 2.5M of aqueous acetaldehyde solution was added to 1ml of sodium nitropusside reagent, in a test tube. 2 drops of distillate 1 was added to the test tube and solution turned deep blue in color.


The Alcohol functional group peak was noticed in the IR spectrum of Distillate 2 and the Ceric Nitrate reagent test was done. 4 drops of distillate 2 was added to 1ml of distilled water and ceric nitrate in a test tube. Solution turned red in color.


 The Aldehyde/Ketone peak was noticed in the IR spectrum of Distillate 3, the Chromic acid in acetone test was conducted. 10 drops of distillate 3 was added to 1ml of reagent grade acetone in a test tube and no apparent reaction stemmed from the addition (White and Buchanan, 2003). 

A drop of each distillate was added to 0.5ml of distilled water, and the solubility of the compound was recorded in table1. Comments on the odor and color of the distillates were made and recorded in table 1. The pH of each distillate was taken with litmus paper and recorded in table 1. The refractive index of each distillate was taken and recorded.

Observations/ Comparisons-

Table 1- Summery table of the results of the various identification techniques used in the experiment
	X
	Boiling point (°C)
	Water solubility
	Smell
	pH
	Color

	Chase1
	21-55
	--
	--
	--
	--

	Distillate 1
	55
	Soluble
	Pungent
	7.5
	Light Yellow 

	Chase2
	55-98
	--
	--
	--
	--

	Distillate 2
	98
	Soluble
	Sweet
	4.5
	Transparent

	Chase 3
	98-168
	--
	--
	--
	--

	Distillate 3
	168
	Insoluble
	Crude oil
	6.5
	Transparent


Table 2- Characteristic properties of Distillate 1 compared with that of 98% pure Diethylamine
	Properties
	Distillate 2
	Diethylamine

	Boiling point
	54°C
	55°C

	Refractive index
	1.3980
	1.3861

	Water Solubility
	Yes
	Yes

	C-H peak
	
	3000 cm-1-2900 cm-1

	CH3 peak
	
	1450 cm-1-1375 cm-1

	C-N peak
	
	1350 cm-1-1000 cm-1

	N-H peak
	
	3500 cm-1-3100 cm-1


Table 3- Characteristic properties of Distillate 2 compared with that of 99% 2-Butanol
	Properties
	Distillate 5
	2-Butanol

	Boiling point
	91°C
	99°C

	Refractive index
	1.4080
	1.3970

	Water Solubility
	Yes
	Yes

	O-H peak
	
	3200 cm-1-3600 cm-1

	C-H peak
	
	3000 cm-1-2900 cm-1

	CH3 peak
	
	1450 cm-1-1375 cm-1


Table 4- Characteristic properties of Distillate 3 compared with that of 98% 2-Heptanone
	Properties
	Distillate 7
	2-Heptanone

	Boiling point
	165°C
	149-150°C

	Refractive index
	1.4270
	1.4080

	Water Solubility
	No
	No

	C-H peak
	
	

	C=O peak
	
	

	CH3 peak
	
	


Discussion-



The boiling points of the three compounds differ by 43°C or more, it can be safely said that mixture # 155 was successfully separated into its three organic compounds by fractional distillation. As stated in the introduction the chases were used to ensure purity of distillates, and no further tests were done on them (White and Buchanan, 2003).
The IR spectrums of each distillate showed the characteristic C-H peaks between 3000 cm-1-2900 cm-1, showing that they all are organic compounds (Morrison and Boyd, 1989).


The IR spectrum of Distillate 2 shows a main peak in the diagnostic region at 2965.7 cm-1. This corresponds to the amine absorption peak. Therefore the compound must be an organic amine. It is soluble in water, not characteristic of most large organic compounds; therefore it must be relatively small. The compound gave a dark blue coloration in the Simon’s test, denoting that the compound is a secondary amine. The boiling point of the distillate (54oC) is similar to that of Diethylamine (55 oC) and the refractive index of the distillate differs from that of Diethylamine by 0.0119. The referenced IR spectrum of 98% pure Diethylamine roughly corresponds to that of the distillate, which leads one to believe that Distillate 2 is Diethylamine (White and Buchanan, 2003). There is a possibility that the mixture is not completely pure, also as noted under the comments section, the boiling point had risen to about 70 oC, meaning that perhaps part of the next distillated was mixed in it. 

A large broad absorption peak appears at 3348cm-1 in the diagnostic region of the IR spectrum of Distillate 5. This type of peak corresponds to the presences of an alcohol group on the compound. There is a small carboxylic peak at 1710cm-1-1720cm-1, this suggests the presence of impurities in the distillate. It is also soluble in water, which most alcohols are. The distillate gave a red solution when administered to the Ceric Nitrate reagent test; this means that it is an alcohol with less than ten carbons in its structure. It also oxidizes Chromic acid in acetone from orange to green; this denotes the presences of either a primary of secondary alcohol. The boiling point of 98°C corresponds to either 1-Propanol or 2-Butanol, since it lies 1 degree from either’s boiling point; both are less than ten carbons long and are primary and secondary alcohols. To differentiate between the two structures we look at their refractive indexes. The refractive index of 2-Butanol is closer to the distillate’s refractive index than 1-Propanol. They only differ by 0.0110. Looking at all these facts, it is decided that distillate 2 is 2-butanol (White and Buchanan, 2003).

The large sharp peak at 1718cm-1 in the diagnostic region of the IR spectrum of Distillate 7 denotes the presences of the C=O bond in the compound. This could be an aldehyde, ketone or a carboxylic acid, within the compound. Firstly the carboxylic acid is ruled out because there is no prominent O-H peak in the IR spectrum. Secondly the distillate does not oxidize Chromic acid in acetone, meaning that the compound is not an aldehyde. The only possible solution is a ketone. It is insoluble in water, which is characteristic of large ketones (White and Buchanan, 2003). The boiling point of 165°C roughly corresponds to that of 2-Heptanone, 149-150°C, the refractive index also correlates the hypothesis that distillate 7 is 2-Heptanone, has a difference of 0.0080. The IR spectrum of 98% pure 2-Heptanone roughly corresponds to that of the distillate.


Looking at the results, there seems to be more of a correlation between the first two compounds and their suspected counterparts, than in the last compound and its suspected counterpart. The deviations between the compounds and their suspected counterparts may have been due to experimental errors during separation of the mixture i.e. the compounds were not separated as pure as needed. The impurities present in distillate 3 are seen in the IR spectrum as a small peak at roughly 3400cm-1, this peak may have been caused by the presences of the compound in distillate 2 that was left behind during separation. This would have caused the decrease in boiling point and deviation in refractive index (Hill and Holman, 1998).

The same thing could have been said of distillate 2 with distillate 1, although not to the same extent of distillate 3. The impurities in distillate 2 are not as easily seen as in that of distillate 3, because the O-H bond’s absorption peak masks the presences of the amine group left over from the initial distillation of distillate 1. Never the less the presences of these impurities are seen in the boiling point deviation from that of 2-Butanol (Hill and Holman, 1998).


The first distillate is the purest of the distillates since it is the first to evaporate due to its low boiling point. This explains the almost exact correlation between the distillate properties and its corresponding compound’s properties (Hill and Holman, 1998).


The deviations caused by experimental errors in the experiment could have been reduced, if not eliminated by spending more time on the distillation of the mixture; i.e. distilling each fraction of the mixture at a more controlled temperature for a longer period of time. This would have increased the purity of the compounds distilled, and thus the accuracy of the experiment. There also exists the possibility that the unknown mixture contains impurities, in which case nothing could have been done to prevent the discrepancies between the distillates and their corresponding compounds.

Conclusion-

From the experiment, distillate 1 of unknown mixture #131 was identified to be Diethylamine. This is known from its IR spectrum, classification tests, water solubility, weak basic nature, pungent smell, boiling point and its refractive index of 1.3845.


Distillate 2 of unknown mixture #131 was identified as 2-Butanol; from its IR spectrum, classification tests, water solubility, slight acidity, a negative identification as a carboxylic acid, sweet smell, boiling point and its refractive index of 1.3960.


Distillate 3 of unknown mixture #131 was identified as 2-Octanone; from its IR spectrum, classification tests, water insolubility, weak acidity, crude oil smell, a negative identification as an aldehyde, boiling point and its refractive index of 1.4140 
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Appendix A-

Table 2- Infrared Spectral Correlation for various functional groups (White and Buchanan, 2003)
	Bond
	Functional group
	Absorption range
	Remark

	O-H
	Alcohol, Phenol
	3200-3600
	Wet sample may give O-H peak from water

	O-H
	Carboxylic acid
	3400-2500
	Large broad and shallow peak

	N-H
	Amine, Amide
	3500-3100
	1° amines give a double peak

	C-H
	Carbon Hydrogen bond
	3200-2800
	Common in organic compounds

	C=O
	Aldehyde, Ketone, Carboxylic acid
	1710-1720
	Strong sharp peak

	C=O*
	Ester
	1730-1750
	Absorption is usually the most

	C=C
	Alkene, Aromatic ring
	1600’s
	Absorption is usually the most

	C=O*
	Amide
	1660-1695
	Absorption is usually the most


*position of C=O absorption is approximately 30cm-1 lower if conjugated with C=C

Appendix B-
IR spectrums of the distillates

Characteristic peaks taken from (White and Buchanan, 2003).

