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Trap-to-Trap Distillation of Volatile Organic Liquids (Polyhalomethanes)
Developed for CHEM 421 at Xavier University by Craig M. Davis and Tyler D. Borg (’08)
As stated in the student handout (starting on next page), a trap-to-trap distillation is used to separate volatile liquids. While all the compounds in this exercise are air-stable, this technique typically is used for air-sensitive compounds, which can decompose or even explode upon exposure to oxygen or moisture in the air.  Alfred Stock employed this technique to purify the first boranes, and is used by contemporary boron-hydride chemists to purify 2,3-diethyl-2,3-dicarba-nido-hexaborane(8), for example.
I constructed a modular set of traps using a series of six-inch U-tubes (1) connected by rubber hoses; the entire assembly is then attached to an ordinary Schlenk line. Each U-tube has a one-arm Hi-Vac valve (2) on one arm and a T-shaped connecting tube (3) on the other. I place the T-shaped tube so that the two arms are vertical, then cap the top arm with a 19-mm septum; this allows us to remove our samples via syringe.
This exercise is performed after the students have been introduced to a Schlenk line and Schlenk techniques (4), in particular performing freeze-pump-thaw cycles. The slush baths are a novelty, and the students are intrigued by their preparation.
As you will see in the instructions, the students prepare samples such that the components in the starting mixture will have roughly peak integration in the initial 1H-NMR spectrum, which necessitates a few calculations at the beginning; you may choose to have your students start with equal volumes.

Footnotes
1.
CHEMGLASS: Custom Order (10/29/07): U-Tube, 12mm OD x 1.5mm wall x 6” Length, 
30mm between Arms, #CG-300-02 Hose Connection on end of both Arms (6 @ $73.00 ea.)
2.
CHEMGLASS: CG-934-01
3.
CHEMGLASS: CG-4022-02

4.
Davis, C. M.; Curran, K. A. “Manipulation of a Schlenk Line: Preparation of Tetrahydrofuran 
Complexes of Transition-Metal Chlorides.” J. Chem. Educ. 2007, 84, 1822-1823.
Trap-to-Trap Distillation of Volatile Organic Liquids (Polyhalomethanes)
Background

Trap-to-trap distillation is used to separate volatile liquids. While all the compounds in this exercise are air-stable, this technique typically is used for air-sensitive compounds, which can decompose or even explode upon exposure to oxygen or moisture in the air. Alfred Stock employed this technique to purify the first boranes (1a), and is used by contemporary boron-hydride chemists to purify 2,3-diethyl-2,3-dicarba-nido-hexaborane(8), for example (1b).

To perform this technique a mixture of volatile components is passed through successively colder “traps” (U-shaped glass tubes*). Each trap immersed in a “slush bath”, a mixture of an organic solvent and liquid nitrogen that forms a constant-temperature bath (2). The wide range of temperatures these baths can maintain is exemplified by Table 1. (An ice-water mixture can serve as a 0 oC bath.) In this exercise, acetonitrile and methanol slush baths will be used.
Table 1.  Slush Bath Temperatures (taken from Ref. 2)
	Organic Solvent
	Temperature (°C)

	Aniline
	-6

	Nitromethane
	-29

	Acetonitrile
	-41

	Chloroform
	-63

	Methanol
	-98

	Ethanol
	-116


Experimental Outline

1.
Preparation of the Acetonitrile and Methanol Slush-Baths.

Fill the dewar halfway with the organic liquid, then add liquid nitrogen in small portions, with 
constant stirring. (Do not let the mixture solidify; if it does, simply add more organic liquid.)
2.
Preparation of the Sample.  
The three liquids (CH2Cl2, CH2Br2, and CHBr3) were chosen because they each have only one singlet in their 1H-NMR spectrum; this will make quantifying the amount of each liquid by integrating each peak quite simple. Your starting mixture will have 2.0 mL of CH2Cl2. Consult Table 1 (on back) to determine how many mL of CH2Br2, and CHBr3 will give an equivalent number of moles H atoms (so the NMR spectrum of your starting mixture has three singlets
with approximately equal area.) Place the three liquids in one small round-bottomed flask.  
3.
Determining the Original Composition of Your Mixture.

Dip a disposable pipette into the mixture, and simply allow capillary action to fill the tip. Next, place the pipette in an NMR tube, then use a second pipette to rinse the sample into the tube 
with c. 0.7 mL of CDCl3. Obtain a 1H-NMR spectrum; record each peak integration.
4.
Using the Trap-to-Trap Set-up.

Attach your flask and the end of the system, and perform two freeze-pump-thaw cycles. Next, place the CH3CN slush bath around the first trap, your MeOH slush-bath around the second, and liquid nitrogen around the third. Finally, place a warm-water bath under your flask. Open the stopcock on the Schlenk line to allow the vapors to pass through the traps for fifteen-to-twenty minutes. Prepare NMR samples from each trap as above, and obtain 1H-NMR spectra.
Table 2.  Physical Data for Polyhalomethanes
	Compound
	Molar Mass
	Density (25 oC)
	Boiling Point
	Vapor Pressure (20 oC)

	CH2Cl2
	84.93 g/mol
	1.325 g/mL
	40 oC
	349 mmHg

	CH2Br2
	173.83 g/mol
	2.477 g/mL
	97 oC
	34.9 mmHg

	CHBr3
	252.73 g/mol
	2.889 g/mL
	148 oC
	4.95 mmHg


Experimental Data

	Compound
	CH2Cl2
	CH2Br2
	CHBr3

	Starting Volume
	
	
	


	Mixture Source
	CH2Cl2
(P.I.)*
	CH2Cl2
(%)
	CH2Br2
(P.I.)*
	CH2Br2
(%)
	CHBr3
(P.I.)*
	CHBr3
(%)

	Flask (START)
	
	
	
	
	
	

	-41 °C (CH3CN Slush)
	
	
	
	
	
	

	-98 °C (MeOH Slush)
	
	
	
	
	
	

	-196 °C (Liquid N2)
	
	
	
	
	
	

	Flask (FINISH)
	
	
	
	
	
	


*P.I. = Peak Integration (relative intensity)
Lab Report
Fill in the tables on this page, and answer the questions below.
Questions
1.
In which bath of each system did the CH2Cl2 stop primarily? What about the CHBr3?  


Why do you think you observed this trend?

2.
Comment on the quality of the separation.

NOTE: For even a fair separation the vapor pressures of the components must have a ratio 
greater than 102; for excellent separation the ratio must exceed 104 (3).
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