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Sublimation is a process used to isolate a -natural product from other undesired compounds, and then purify it by a direct phase change of that product from a solid to a vapor. Most substances, under normal conditions of atmospheric pressure, will change phases with an increase in temperature from a solid, to a liquid, to a gas, while other compounds, such as iodine and carbon dioxide, will undergo sublimation at this pressure. By lowering the temperature and pressure of a system, we can induce this sort of change in crude caffeine.

Crude caffeine is extracted from coffee, and contains many impurities that may have been separated with it) such as tannic acids (carboxilic acid-containing constituents). Pure caffeine has a lower boiling point than the rest of the impurities that make it crude. Therefore, it will undergo the direct phase change before the rest of the impurities. By condensing the evaporated caffeine over a controlled area we can separate and collect it from the impurities.

This process is used on a much larger commercial scale to produce pure caffeine, but for laboratory purposes a small filter flask is connected to a rubber hose, which is in turn connected to a vacuum. A glass cold finger is fitted into the top opening of the flask with a rubber adapter and positioned according to the amount of sample to be sublimated. The entire apparatus is positioned directly on top of a hot plate/stirrer, as shown in figure 1. Carrying out the sublimation of caffeine requires three steps, consisting of the setup, the sublimation, and the retrieval.

[image: image1.jpg]Cold Finger
Filled with lce

FRubber Adapter Rubber Hose To

Wacuum

0.5cm Crude Product




FIGURE 1:  APPARATUS

The Setup

The setup involves the assembly of the sublimation apparatus, readying the apparatus for use, and adding the sample to the apparatus. The sample of crude caffeine has been spread evenly across the bottom of the flask. By thinning out the sample, a wider surface area is created to expose more of the pure product and facilitate more complete sublimation.

The cold finger has been positioned no more than 0.5cm above the highest point of the sample for the average lab experiment, in which small amounts of samples are used. When the actual sublimation begins after the setup, crude product will begin to form on the surface of the cold finger. Due to the nature of gravity and crystallization, the product will grow downward towards the crude sample. This distance is necessary to ensure that the pure product does not come in contact with the crude sample and ruin the process. The distance may be increased according to the expected amount of product to be collected. The goal is to get the cold finger as close as possible, to facilitate sublimation, without endangering your product. Once the setup has been completed, the apparatus is prepared for the steps of sublimation.

Sublimation

Once the cold finger has been positioned, completing the initial setup, the vacuum is applied to the created airtight environment. The vacuum is created by sucking all of the air out of flask, through the connected rubber hose as shown in figure 2. It has been applied in a very gradual manner because a sudden outflow of air may take some of the sample with it. This vacuum is key to the process of sublimation because it creates the near zero pressure environment, which is necessary. For a substance to change phase into a gas, its molecules must reach a vapor pressure equal to that of the environment they are in. Because a vacuum has no pressure, the substance, with a few other factors, can reach this vapor pressure almost instantly and skip the liquid phase.
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FIGURE 2: . AIRFLOW

Ice is then applied to the cold finger. The ice serves as a cooling agent, which induces the pure product to form on the cold finger. The cold environment slows down the molecules of the gaseous product and literally freezes them to the surface of the cold finger.

Unfortunately, the cold has this effect on all gasses and is why the vacuum has been applied before the ice was added. Moisture in the environment will condense on the cold finger before it can be secured in the flask. Any moisture will prevent collection, or crystallization, of the pure caffeine and ruin the experiment.

Mild heating is the final component necessary for complete sublimation. Heating the apparatus adds energy to the crude sample and brings its components closer to their desired vapor pressure for sublimation. The amount of heat used is enough to only bring the pure product to its desired vapor pressure. Excess heat would sublimate the entire crude sample and prevent pure caffeine from separation. For caffeine sublimation, the hot plate/stirrer is not set above level 2. Little heating is needed due to the low-pressure environment.

Shortly after heat has been applied, pure product begins to crystallize on the surface of the cold finger. Crystallization involves the phase change of a liquid or a gas to a pure solid form. Pure caffeine is a white solid, and is easily distinguished by its dangling crystal formations, as shown in figure 3. Due to the delicate nature of crystallization, the apparatus is kept completely still to avoid knocking the pure caffeine back into the crude sample. When no additional product crystallizes on the cold finger, sublimation has been completed, and the sample is ready for retrieval.
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FIGURE 3: CRYSTAL FORMATION

Retrieval

Retrieval involves preparing the apparatus for the collection of the pure sample of caffeine, and the actual collection itself. This step in the process is probably the most difficult since, as briefly mentioned above, the delicate nature of crystallization makes the sample very fragile, and must be handled very carefully.

First, all of the ice is removed from the cold finger, which is then dried completely. A cold apparatus could still collect moisture when re-exposed to the atmosphere and ruin the product. The vacuum is then turned off and air is gradually re-induced into the environment. The inflow of air is equally as important and delicate a task as removing it was. It is done by slowly and gently pulling out the rubber adapter from the top of the filter flask and letting air slowly seep in through the sides.

Once the cold finger, with the sample of pure caffeine, has been removed from the apparatus, the caffeine can be collected by simply scraping it off of the cold finger with a metal spatula into its desired container as shown in figure 4. The crude sample has been discarded and the rest of the apparatus disassembled.
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FIGURE 4: COLLECTION

Conclusion

Sublimation is a process used widely by companies to purify extractions from natural plant, and animal, resources. Aspirin, which is derived from a salycilic acid, is one such compound. This procedure can be followed for sublimation of nearly any desired product. The size of the apparatus and the temperature at which it is heated are the only things that may need to be adjusted according to specific sample sizes and properties.

Sublimation is a process which must be completed in a very specific order. In addition to its three main steps of the set up, sublimation, and retrieval, many small factors may determine how much product has been obtained, and how well it has been purified. 

Companies, which require this process, must be completely sure of the quality of their product and therefore use extreme caution when completing this experiment. Many pharmaceutical companies require caffeine for their drugs, and placing impurities in them could be detrimental.
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