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Liquid CO2 Extraction of d-Limonene from Orange Peel
Introduction


Extraction is a common technique used in organic chemistry to separate or isolate a desired compound from a mixture.  The two major types of extractions used in the organic laboratory are solid-liquid extraction and liquid-liquid extraction.  Solid-liquid extraction is often used to isolate a natural product from its biological source, such as the leaves or bark of a tree.  For example, the anti-cancer drug paclitaxel (Taxol®) can be isolated from the bark of the Pacific yew tree by solid-liquid extraction with methanol.

Essential oils are the volatile components associated with the aromas of many plants, and many have been known and traded since ancient times.  They are used in many commercial perfumes and flavorings, as well as in aromatherapy products.  Most essential oils contain many different compounds, but some such as oil of cloves (eugenol), oil of wintergreen (methyl salicylate) and orange oil (d-limonene) contain one major component.  Essential oils are usually isolated from plants by steam distillation or by solid-liquid extraction with volatile organic solvents, both of which have some potential environmental and/or health concerns.  Steam distillation can lead to large volumes of wastewater which must be treated.  The use of volatile organic solvents can lead to significant fire, health, and VOC emission hazards as well as large amounts of hazardous waste.  Significant progress has been made in the past 20 years in the use of supercritical or liquid carbon dioxide as a replacement for organic solvents in many kinds of extractions.  CO2 is attractive from an environmental perspective because it is non-flammable, non-toxic, readily available, and is environmentally benign.  Although CO2 is a greenhouse gas, it is captured from the atmosphere for use in solvent applications, so when it is ultimately released back to the atmosphere, there is no net increase in atmospheric carbon.  In this experiment, you will use liquid CO2 to extract orange oil, which is mainly d-limonene, from orange peels.

d-Limonene is a monoterpene, found in the outer, colored portion (flavado) of the rinds of oranges and other citrus fruits.  Terpenes are a class of organic compounds defined by structures which incorporate multiple isoprene units (Figure 1):
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Figure 1:  Isoprene Units Organized to Form d-Limonene
Terpenes may be cyclic, acyclic, saturated, or unsaturated.  They may also have oxygen-containing functional groups, in which case they are referred to as terpenoids.

Although carbon dioxide sublimes at atmospheric pressures and temperatures above -78 oC, an examination of the phase diagram shown in Figure 2 shows that CO2 can exist in the liquid phase at reasonable temperatures and pressures (the triple point – where gas, liquid, and solid coexist in equilibrium – is a pressure of 5.2 bar and a temperature of -56.6 oC).  If solid carbon dioxide (dry ice) is sealed in a vessel and immersed in warm water, initial sublimation of the dry ice causes the internal pressure to rise.  Eventually, the temperature and pressure rise sufficiently to move into the liquid region of the phase diagram, and liquid carbon dioxide forms.
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Figure 2:  Phase Diagram for Carbon Dioxide

http://content.answers.com/main/content/wp/en/0/01/Carbon_dioxide_pressure-temperature_phase_diagram.jpg (Accessed January 11, 2007)
This liquid CO2 can be used for extraction of orange peels, then conveniently boiled off leaving behind the essential oil.
Required Reading:

Lehman “The Student’s Lab Companion”:

“Planning an Experiment” (pp. 288 – 290)
“Extraction” (pp. 70 – 81)
“Infrared Spectrometry” (pp. 218 – 244) 

McMurry and Simanek “Fundamentals of Organic Chemistry”

Infrared Spectroscopy: Section 13.6 (pp. 413 – 417)
Special Safety Notes:

a) Due to the high pressure generated during the course of this experiment, there is some RISK OF VESSEL RUPTURE AND/OR FLYING PROJECTILES.  Under no circumstances should any vessels other than the recommended ones be used.  Safety procedures have been implemented to minimize the danger, but it is essential to follow these procedures to protect yourself and other students.  Read all safety notes and the entire procedure before beginning lab.

b) When performing the liquefaction of CO2 in the centrifuge tube, do not place anything (especially your face) above the secondary containment cylinder.  Watch the process from the side, not the top, of the cylinder.

c) Do not use any glass during this experiment.  Substitution of glass centrifuge tubes of glass graduated cylinders could result in serious injuries if shattering should occur.

d) Eye protection should always be worn in lab, but it is especially important during this laboratory.  In the event of a vessel rupture, foreign material could become lodged in the eye if eye protection is not worn.

e) Dry ice is very cold and even short contact may damage skin tissue.  Handle with gloves!
f) Do not liquefy CO2 more than 5 times in the same centrifuge tube.  After repeated liquefaction, the tube may become brittle and rupture.

Procedure:
Preparation of Extraction Vessel

Determine the mass of a 15-mL centrifuge tube.  This is your extraction vessel.


Coil the end of a 20 cm piece of copper wire to make a solids trap, and insert this trap into your extraction vessel (see Figure 3A - B).  The solids trap should fit into the centrifuge tube so that the coil should stop near the beginning of the taper (see Figure 3B), and any extra wire should be cut off so that the entire trap fits into the extraction vessel when it is sealed with the cap.  Re-weigh the vessel to determine the mass of the extraction vessel plus the solids trap.
Charging Orange Peel into the Extraction Vessel
Grate the colored part (the flavado) of the peel of ½ of an orange using the small grating surface of a cheese grater into a tared weighing boat.  Make sure you have at least 2.5 g of grated orange rind.  Transfer this grated orange peel into the extraction vessel containing the solids trap NOTE:  do not pack tightly (Figure 3C).  Re-weigh the extraction vessel and calculate the actual mass of orange peel added to the vessel.
Preparation of the Extraction Environment
Place about 125 mL of warm (40 – 50 oC) tap water into a 250 mL transparent plastic graduated cylinder.  DO NOT HEAT THE WATER IN THE CYLINDER OR ADD HOT WATER LATER IN THE PROCEDURE.  Move any items that should not get wet away from the cylinder because splashing may occur if the cap shoots off of the tube.

Extraction
NOTE:  Because of the potential for safety issues caused by the rapid increase in pressure during this procedure, make sure you read and understand the entire extraction procedure before beginning this part!!

Using a scoopula, fill the remainder of the vessel with crushed dry ice (wear gloves!)  Tap the tip of the tube on the bench and add more dry ice until the tube is full (Figure 3D).

Just before you are ready to immerse the extraction vessel in the water (see below), twist the orange cap on until it stops turning (Figure 3E - do not cross-thread the cap!).  IF THE CAP DOES NOT STOP TURNING WHEN TIGHTENED, REMOVE THE CAP BEFORE PROCEEDING.  If the cap is not on correctly, it is likely to shoot off.  Replace the cap with a new one before proceeding.
Immediately after capping, drop the extraction vessel (tapered end down) into the plastic graduated cylinder containing the warm tap water (Figure 3F).  Pressure will begin to build in the tube and gas will escape slowly from the region where the tube and the cap meet.  The plastic cylinder functions as a secondary container and in the event of a rupture of the extraction vessel will direct any projectiles straight up.  Do not place anything (including your face) above the cylinder.  Watch the extraction from the side, not the top, of the cylinder.  The CO2 should begin to liquefy within one minute.  During the extraction process, the liquid should boil and gas should escape for about 2 – 3 minutes.  While the liquid is boiling, it should pass through the orange peel and into the bottom of the tube.
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Figure  3   –  Illustration of Extraction  Procedure  


After the liquid has evaporated and gas is no longer escaping, remove the extraction vessel from the cylinder with tweezers and open the cap (OPEN SLOWLY AND ONLY AFTER THERE IS NO MORE LIQUID IN THE VESSEL AND ALL OF THE GAS HAS ESCAPED!)

Perform a second extraction (using the same orange peel).  If necessary, break up the solid orange peel before this second extraction.  You may perform a third extraction if you wish.

The product (about 0.1 mL of a pale yellow oil) should be in the tip of the extraction vessel.  Carefully remove the solids trap and the orange peel, making sure you keep the tube upright to avoid loss of your product.  Dry the outside of the tube with a paper towel, weigh the tube, and determine the mass of the product.

Obtain a transmission IR spectrum of your neat product on NaCl plates.
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Liquid CO2 Extraction of d-Limonene from Orange Peel:  Pre-Lab Worksheet

1.  What is the purpose of this experiment?

2.  Look up the structures and MSDS’s for the compounds used in this experiment (at the Fisher scientific website, for example) and complete the following table:

	Compound
	Structure/Formula
	Safety Concerns

	d-Limonene
	
	

	Carbon Dioxide (dry ice)
	
	


3.  Prepare a “Flow Diagram” for this experiment similar to the example found at the top of p. 290 of your lab text.

4.  Describe the principle of solid-liquid extraction.
5.  What are the two largest hazards (with the potential for injury) associated with this experiment, and how will you mitigate them?

Liquid CO2 Extraction of d-Limonene from Orange Peel:  Post-Lab Worksheet

Recovery Data

1.  Mass of Orange Peel:  _________________

2.  Mass of d-Limonene Recovered:  ______________

3.  Percentage Recovery of d-Limonene from Orange Peel:  ________________________________
(show calculation)
Product Identification
4.  The literature spectrum for d-limonene may be found at the Spectral Database for Organic Compounds (link is on the course webpage).  Is it reasonable to conclude that your product is 
d-limonene based on comparison with the literature spectrum?  Why or why not?  Attach both your spectrum and the literature spectrum to this report to support your answer.
Questions

(NOTE:  “The Chemical Educator” is a Springer-Verlag journal available online through the Dacus Library website.  A method for extraction of d-limonene from orange peels is featured in the following article:  Smith, D. C.; Forland, S.; Bachanos, E.; Matejka, M.; Barrett, V. Chem. Educ. 2001, 6, 28 – 31.  The following questions will require you to look up this article.)
5.  How does your recovery of d-limonene from orange peels in this experiment compare to the pentane extraction method?
6.  How does the “greenness” of this method of extraction compare to that for the pentane extraction?  Consider the flammability and toxicity of the solvent used as well as the waste produced from the extraction process.
























