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T

his work is based largely on the author's experience with the teaching of practical organic chemistry to very large classes of students at Chemistry Department, Faculty of Science, Benha University. For such classes experimental directions involving the utmost economy in chemicals and apparatus, and in the students' time, are obviously required. Therefore, the author himself has repeatedly checked the whole of the experimental work described in this book in order to obtain the desired results with a minimum expenditure of materials and time.
To the Student: A significant amount of your training in chemistry will take place in the laboratory. The following instructions should be read carefully before you attend the first laboratory session. These instructions will help you make efficient use of your time while in the laboratory and promote laboratory safety. 
PRE-LAB PREPARATION
Carefully read the experiment to be performed before you come to the laboratory. Your instructor might require you to complete the Pre-Lab Review Sheet found before the Data Sheet of each experiment and turn it in before you begin your lab work. Even if this is not a requirement, you are still advised to complete the Review Sheet. The questions have been chosen to draw your attention to specific techniques and precautions that you should be aware of before you start the experiment. The experiments are designed to allow you to collect the data in 3 hours or less. Students unable to do this have usually failed to prepare properly for the laboratory. Make sure you arrive on time, since your instructor will provide additional instructions for experiments as needed.
SAFETY PRECAUTIONS
In the laboratory, you will work with a variety of substances and equipment. The following precautions should be followed to minimize the chances for accidents.

1. Carefully note any special safety precautions stated in the experiment. They are identified as Safety Alert and are enclosed in boxes for easy recognition.

2. Approved safety glasses or goggles must be worn at all times in the lab.

3. Some chemicals used in experiments are toxic. Therefore, eating, smoking, or drinking is NOT allowed in the laboratory. After leaving the lab, you should wash your hands before eating, smoking, or drinking.

4. Never taste or smell anything in the lab unless you are specifically instructed to do so.

5. Use the hood when instructed to do so. Do not release toxic gases into the open lab. 
6. Unauthorized experiments are not to be performed. Follow directions carefully, using only the amounts of chemicals specified.

7. Always pour concentrated acid into water; never pour water into the acid.

8. No visitors are allowed in the lab unless the instructor gives specific permission.

9. Clean up all chemical or solution spills immediately. Your work area should always be left clean at the end of the lab period.

10. Protect both hands when you insert glass tubing or thermometers into stoppers. Make sure the glass is well lubricated before such insertions are attempted. Your instructor will show you the correct procedure.
The author wishes to express his very sincere to staff members of Organic Chemistry, Faculty of Science, Benha University, for much advice and help in the completion of this book. Warm thanks are also due to Laboratory and Lecturer Assistants, who gave a great help in the many repetitions of the quantitative analyses, which were required before this book could attain its final form. 
Collected by H. I. Mohamed
April, 2015.

Laboratory No. 1
Identification of Carbohydrates 
IN THIS EXPERIMENT, YOU WILL:
· Carry out several of the more common carbohydrate reactions.

· Identify an unknown sugar and the sugars present in some common foods.

PRINCIPLE
Carbohydrates are a class of naturally occurring organic compounds that undergo a variety of chemical reactions. Reactions typical of aldehydes, ketones, alcohols, hemiacetals, and acetals are characteristic of various members of this compound class.

[image: image9.jpg]


Monosaccharides are the simplest carbohydrates and are the fundamental units that make up carbohydrates that are more complicated. Monosaccharides, sometimes called simple sugars, are classified as aldoses or ketoses based on whether their characteristic carbonyl group is present in the form of an aldehyde or a ketone. The linking together of two monosaccharide units (similar or different) results in carbohydrates called disaccharides. Polysaccharides are carbohydrates composed of many monosaccharide units linked together. The characteristic linkage of most disaccharides and polysaccharides is an acetal. The formation of an acetal linkage produces water; thus, the addition of water will break acetal linkages (hydrolysis). The relationships between the various carbohydrates are illustrated by the following hydrolysis reactions. Note that the reactions are acid-catalyzed:
EXPERIMENTAL PROCEDURE
1. Molisch's Test. Dissolve about 0.1 gm of the carbohydrate in 2 mL of water, add 2-3 drops of a 1% alcoholic solution of 1-naphthol and then carefully pour  2 mL of conc. H2SO4 down the side of the test-tube so that it forms a heavy layer at the bottom. Deep violet ring coloration is produced where the liquids meet. This coloration is due apparently to the formation of an unstable condensation product of 1-naphthol with furfural (an aldehyde produced by the dehydration of the carbohydrate).
2. Conc. Sulphuric acid Test. Warm about 0.2 gm of carbohydrate with 1 mL of conc. H2SO4, using a small flame. Observe the immediate blackening. As the temperature is raised, CO2, CO and SO2 are evolved.
3. Fermentation Test. During fermentation, certain carbohydrates are converted into CO2 gas and ethanol. Several enzymes bring about this transformation. Yeast contains enzymes capable of fermenting glucose as well as many other sugars.
[image: image10.emf]
3.1. Obtain an unknown sugar solution and record the unknown identification number (ID) in Tables 1 of the Report Sheet.
3.2. Carry out the following procedure and those in Experiments 4 to 6 with 4% solutions of the sugars fructose, glucose, lactose, sucrose, xylose, and your unknown and 10% solutions of gelatin dessert and honey.
3.3. Label eight clean 10-cm test tubes with the identity of the solutions and add 3 mL of the appropriate sugar solution to each tube. The test tubes do not need to be dry in this test or the tests of Experiments 4 to 6.
3.4. Add 3 mL of yeast suspension to each tube. (Shake the yeast bottle before using).

3.5. Invert once to mix and place the tubes in a 250-mL beaker that is half full of warm water (45 to 50 (C). Take care not to overheat the bath; higher temperatures will deactivate the yeast. The bath does not have to be heated after the tubes are put in.
3.6. Allow the tubes to remain undisturbed for 1 hour. Gas (CO2) will form, bubble off, and create a foam on the top of some of the tubes within an hour. Without agitating the tubes, look for foam and/or a stream of small bubbles.

3.7. While this test is proceeding, go on to other tests.
3.8. Record in Table 1 which samples produced CO2 and which did not.
4. [image: image11.emf]Benedict’s Test. Benedict’s reagent is a mild, alkaline oxidizing agent that will oxidize all monosaccharides, whether they are aldoses or ketoses, and some disaccharides. Sugars are classified as reducing or non-reducing, depending on whether or not they react with the Benedict’s reagent. The formation of an orange, red, or brown precipitate indicates a reaction has taken place.
4.1. Label eight clean 10-cm test tubes and place 20 drops of the appropriate sugar solution in each tube.
4.2. Add 20 drops of Benedict’s solution to each tube and agitate to mix the contents.
4.3. Prepare a boiling water bath from a 250-mL beaker. Put 2–3 boiling chips in the bath.
4.4. Place all the tubes in the boiling water bath at the same time.
4.5. Heat them for 2 minutes after the water starts boiling again.
4.6. Note and record in Table 1 the color of the agitated contents of each tube after the 2-minute boiling is complete.
5. Barfoed’s Test. Barfoed’s reagent is a slightly acidic solution containing Cu2+ ions, but it is a weaker oxidizing agent than the alkaline Benedict’s solution. Barfoed’s reagent will oxidize monosaccharides (and produce a red-to-brown colored precipitate of Cu2O) but will not, readily, oxidize disaccharides as monosaccharides. Thus, Barfoed’s reagent serves to distinguish between monosaccharides and disaccharides.
5.1. Label eight clean 10-cm test tubes and place 20 drops of the appropriate sugar solution in each tube.
5.2. Add 20 drops of Barfoed’s reagent to each tube and agitate to mix the contents.
5.3. Place all the tubes at the same time in the boiling water bath used in Experiment 4.
5.4. Heat them for 2 minutes after the water starts boiling again.
5.5. At the end of 2 minutes note and record in Table 1 the appearance of any red-to-brown precipitate.
6. [image: image12.emf]Seliwanoff’s Test. Hexoses (sugars containing six carbon atoms) are dehydrated and form hydroxymethylfurfural when heated with HCl. Ketohexoses (such as fructose) and disaccharides (such as sucrose) that contain a ketohexose yield larger amounts of this product and react faster than aldohexoses. These differences are the basis of the Seliwanoff test for ketoses in which resorcinol is used to form a dark red-brown product with the generated hydroxymethylfurfural. Other sugars produce gray, yellow, or faintly pink colors.
6.1. Label eight clean 10-cm test tubes.
6.2. Place 2 mL of Seliwanoff’s reagent in each tube.
6.3. Add 1 drop of each sugar solution to the appropriate tube and mix well.
6.4. Place all the samples in a boiling water bath at the same time.
6.5. Heat them for 3 minutes after the boiling starts again. 
6.6. Note and record in Table 1 the resulting color of each solution.
7. Aniline Acetate Test. The furfural produced by the action of HCl on pentoses forms a bright pink color with aniline acetate. Hydroxymethylfurfural derived from hexoses gives only a slight pink color.
7.1. Perform the following test in a fume hood.

7.2. Place 2 mL of xylose solution, 10 mL of distilled water, and 10 mL of concentrated HCl into a 125-mL flask.
7.3. Gently boil the resulting solution for 1 minute over a burner located in a fume hood.

7.4. Discontinue heating and place a filter paper over the mouth of the flask.

7.5. Moisten the paper with 3 drops of aniline acetate solution.

7.6. Observe and record in Table 1 any color changes in the paper.

7.7. Repeat the test using your unknown in place of the xylose solution and record the results.
TABLE 1: Summary of Sample Behavior (Report Sheet)
	Sample
	Test

	
	Fermentation
	Benedict's
	Barfoed's
	Seliwanoff's
	Aniline acetate

	Fructose
	
	
	
	
	

	Glucose
	
	
	
	
	

	Lactose
	
	
	
	
	

	Sucrose
	
	
	
	
	

	Xylose
	
	
	
	
	

	Unknown
	
	
	
	
	

	Gelatin
	
	
	
	
	

	Honey
	
	
	
	
	


Laboratory No. 2
Preparation of Sugars Osazone 
IN THIS EXPERIMENT, YOU WILL:
· Prepare some common sugars osazone.
· Identify the shape of the prepared osazones via microscope.
PRINCIPLE

[image: image13.emf]A very important method of identifying reducing sugars is osazone formation, which they form with phenylhydrazine, C6H5NHNH2. These osazones are bright yellow compounds, which exhibit characteristic crystalline forms under the microscope. To explain the formation of the osazones of glucose/fructose, they are represented, for simplicity, by the straight chain formulae. When glucose is treated with an excess amount of phenylhydrazine (preferably in the presence of acetic acid), a soluble phenylhydrazone is first formed by the condensation of one molecule of phenylhydrazine with the -CHO group of the glucose.
Now, phenylhydrazine will readily act as an oxidizing agent, since it can accept two hydrogen atoms, being itself reduced to aniline and ammonia.
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The second molecule of phenylhydrazine therefore oxidizes the secondary alcohol group (CHOH) of carbon atom (2) to a ketone (C=O) group by removal of two hydrogen atoms, which condenses with a third molecule of phenylhydrazine, giving the osazone of glucose, or phenyl-glucosazone.
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Since the configuration of carbon atoms 3, 4 and 5 of glucose and fructose are identical, it follows that glucosazone and fructosazone are identical in all respects. The osazone is formed however more rapidly from fructose than from glucose, and this difference in rate of formation may be used to distinguish the two sugars, provided the reactions are carried out under strictly parallel conditions
Maltose and lactose, being reducing sugars, give osazones which differ from one another and from glucosazone in crystalline form. Sucrose, having no potential aldehyde or ketone grouping, does not form an osazone.
EXPERIMENTAL PROCEDURE
Materials & Apparatus:
i. Different sugars                ii. Glacial acetic acid             iii. Phenylhydrazine

iv. Test-tubes                       v. Water-bath                        vi. Buchner funnel
Procedure:

1) Label six clean 10-cm test tubes and dissolve 2 gm of sugar in 5 mL of water in each tube.
2) In another tube dissolve 2 mL of glacial acetic acid in 5 mL of water, add 2 mL of phenylhydrazine, and shake until a solution of phenylhydrazine acetate is obtained.

3) Add latter solution to the former one, stir gently with a glass rod, and then place the tube in a boiling water-bath. The yellow osazone usually begins to crystallize out after about 15 minutes' heating.
4) Continue heating (with occasional stirring) for a total period of 45 minutes, then remove the tube and cool by immersion in cold water.
5) Filter the product through a Buchner funnel, and wash it first with water then record in Table 2 which samples produced osazone and which did not.
TABLE 2: Summary of Sample Behavior (Report Sheet)
	Sample
	Results

+ve or -ve
	Osazone shape

	Unknown
	
	

	Glucose
	
	

	Fructose
	
	

	Lactose
	
	

	Maltose
	
	

	Sucrose
	
	


Recrystallization: 
Place about 0.5 gm of the crude material in a 150 mL flask fitted with a reflux condenser, then add about 75 mL of methylated spirit, and boil gently. The osazone dissolves slowly; filter the hot solution through a fluted filter paper (or a preheated Buchner funnel), and allow the filtrate to cool slowly in order to ensure good crystal formation.
[image: image16.emf]
Shapes of different osazones
Laboratory No. 3
Preparation of Glucose Penta-acetates 

· IN THIS EXPERIMENT, YOU WILL:
· Prepare α- and β-penta-acetylglucose.

· Convert β-penta-acetylglucose into its α-isomeride

PRINCIPLE

When glucose is heated with an excess of acetic anhydride in the presence of a catalyst, all five hydroxyl groups are acetylated, and the resulting penta-acetylglucose can clearly exist in two isomeric forms, corresponding to the    α and β forms of glucose itself. 
[image: image17.emf]CHO

OH H

H HO

OH H

OH H

CH

2

OH

O

H

HO

H

HO

H

OH

OH

H

H

OH

O

H

HO

H

HO

H

H

OH

H

OH

OH


[image: image18.emf]CHO

OH H

H HO

OH H

OH H

CH

2

OH

O

H

O

H

O

H

O

O

H

H

O

H

3

C

O

H

3

C

O

O

H

3

C

O

CH

3

O

CH

3

(CH

3

CO)

2

O

ZnCl

2

When zinc chloride is used as a catalyst, the α-penta-acetylglucose is formed, and when sodium acetate is used, the β-penta-acetylglucose is produced. It is probable that the product in each case contains traces of the other isomeride, which however can be readily eliminated by recrystallization.
[image: image19.emf]CHO

OH H

H HO

OH H

OH H

CH

2

OH

O

H

O

H

O

H

H

O

H

O

O

H

3

C

O

H

3

C

O

O

H

3

C

O

CH

3

(CH

3

CO)

2

O

CH

3

COONa

H

3

C

O


Experiment No. 9
EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Glucose                            ii. Acetic anhydride               iii. Zinc chloride
iv. Anhy. sod. acetate           v. Conical flask                     vi. Reflux system
[A] Procedure for α-Penta-acetylglucose:

1) Crush, quickly, about 0.5 gm of zinc chloride into small fragments using mortar, and then add it to 12 mL of acetic anhydride contained in a 100- mL conical flask. {Owing to the very deliquescent nature of zinc chloride, this manipulation must be carried out as rapidly as possible: hence get both the acetic anhydride in the flask, and the mortar available near the balance, before the zinc chloride is withdrawn from the stock bottle}.
2) Fit the flask with a reflux water-condenser and heat the mixture of zinc chloride and acetic anhydride on a vigorously boiling water-bath for about 5 minutes until the maximum temperature is reached and nearly all the chloride has dissolved.
3) Remove the condenser and add, cautiously, 2.5 gm of powdered glucose to the acetic anhydride, shaking the mixture occasionally during the addition, in order to control the vigorous reaction, which follows.
4) Connect the condenser again and heat the mixture for 1 hour on the water-bath, and then pour the liquid into about 125 mL of cold water {the latter should preferably be cooled externally with ice-water, and be stirred vigorously during the addition of the acetylated product}.

5) A viscous oil separates at the bottom of the beaker, and if occasionally stirred will crystalize within about 10 minutes. After solidification of the oil, allow the mixture to stand for a further 15 minutes, and then filter at the pump.
6) Recrystallize the product from rectified spirit until the α-penta-acetylglucose is obtained as colorless crystals melting sharply at 110-111°C.

[B] Procedure for β-Penta-acetylglucose:

1) Carry out this preparation precisely as described for the α-compound, but instead of zinc chloride add 1.25 gm of anhydrous powdered sodium acetate to the acetic anhydride.
2) When this mixture has been heated on the water-bath for 5 minutes, and the greater part of the acetate has dissolved, add the 2.5 gm of powdered glucose. After heating for 1 hour, pour into cold water as before.
3) The viscous oil crystalizes more readily than that obtained in the preparation of the α-compound. Filter the solid material at the pump; wash thoroughly with water and drain.

4) Recrystallize from rectified spirit until the pure β-penta-acetylglucose is obtained as colorless crystals, melting 130-131°C.

[C] Procedure for conversion of β- to α-compound:

1) Add 0.25 gm of zinc chloride (rapidly crushed to small fragments as before) to 12 mL of acetic anhydride and heat on a boiling water-bath for about 5 minutes in order to dissolve the zinc chloride.
2) Add 2.5 gm of pure β-penta-acetylglucose, which will dissolve rapidly in the hot solution.
3) Continue heating for 30 minutes, and then pour the hot solution, which will have acquired a pale brown color, into 125 mL of cold water, stirring vigorously.
4) The oily drops rapidly solidify. Filter the solid product at the pump, wash, drain and recrystallize from rectified spirit. One recrystallization is usually sufficient to give pure α-penta-acetylglucose.

5) Measure and record the melting point of the prepared compounds in Table 3.
TABLE 3: Melting Point for Compounds (Report Sheet)
	Compound Name
	Melting point,(C

	Glucose
	

	α-penta-acetylglucose
	

	β-penta-acetylglucose
	

	α-penta-acetylglucose

(via conversion)
	


Laboratory No. 4
Preparation of Galactose from Lactose

"Hydrolysis of a Disaccharide" 

IN THIS EXPERIMENT, YOU WILL:
· Hydrolyze lactose into monosaccharides (glucose & galactose).
· Separate galactose from the produced mixture. 
PRINCIPLE

A disaccharide or biose is the carbohydrate, which is formed when two monosaccharides undergo a condensation reaction, which involves the elimination of a small molecule, such as water, from the functional groups only. Like monosaccharides, disaccharides form an aqueous solution when dissolved in water. Three common references are sucrose, lactose and maltose.
Milk sugar (lactose) is made from glucose and galactose whereas the cane sugar (sucrose) is made from glucose and fructose. The two monosaccharides are bonded via a glycosidic bond.
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Lactose is known as milk sugar because it occurs in the milk of humans, cows, and other mammals. In fact, the natural synthesis of lactose occurs only in mammary tissue, whereas most other carbohydrates are plant products. Human milk contains about 7.5% lactose, and cow’s milk contains about 4.5%. This sugar is one of the lowest ranking in terms of sweetness, being about one-sixth as sweet as sucrose.
Lactose is a reducing sugar composed of one molecule of D-galactose and one molecule of D-glucose joined by a β-1,4-glycosidic bond (the bond from the anomeric carbon of the first monosaccharide unit being directed upward). The two monosaccharides are obtained from lactose by acid hydrolysis or the catalytic action of the enzyme lactase.
[image: image21.jpg]B-1,4-glycosidic
linkage ®CH ,OH

®CH ,0H

H* or

lactase

a-configuration at
the anomeric carbon

a-D-lactose

D-galactose D-glucose

*We use this convention for writing the hydroxyl
group on the anomeric carbon when we do not
wish to specify either the a orthe anomer.




EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Lactose                         ii. Conc. H2SO4                iii. Barium hydroxide
iv. Glacial AcOH             v. Conical flask                vi. Reflux system

Procedure:

1) Dissolve 10 gm of milk sugar in 25 mL of warm water.
2) Add 0.3 mL of concentrated sulfuric acid, and the solution is boiled under a reflux for 1 hours.
3) The sulfuric acid is then quantitatively removed by means of barium hydroxide, of which about 1.5 gm of the dried base are necessary.
4) Add 0.5 mL of glacial acetic acid, the mixture is decolorized with bone black, filtered, and concentrated in vacuo to thick syrup, of about 6 mL in volume.

5) Before the syrup cools, 7 mL of glacial acetic acid are added, and the mixture is stirred well, cooled, and seeded with a crystal of galactose.
6)  After 15 minutes,  suck off the sugar on a Buchner funnel and wash with a little cold acetic acid, then with a very little alcohol, and finally with ether.
7) Calculate the yield percent, determine the purity by the optical rotatory power, [α]D of a 10% solution of the pure sugar at equilibrium in water is +81.5(.
TABLE 4: Properties of lactose & galactose (Report Sheet)
	Compound Name
	Melting point,(C
	Optical rotation, [α]D 

	Lactose
	
	

	Galactose
	
	


Laboratory No. 5
Estimation of Milk Lactose
IN THIS EXPERIMENT, YOU WILL:
· Estimate the amount of lactose present in milk.

· Precipitate the proteins found in milk. 

Principle:


Lactose in milk is estimated in the clear filtrate after precipitation of proteins. Tungstic acid, trichloroacetic acid and colloidal iron can be used to precipitate milk proteins.
EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Milk (from market)             ii. Conc. H2SO4 (2/3N)          iii. 25-mL pipette
iv. Sodium tungstate (10%)    v. Fehling's reagent              vi. 100-mL flask

Procedure:

1) Place 5 mL of milk into 100-mL volumetric flask, add 5 mL of 10 % sodium tungstate solution followed by 5 mL of 2/3N sulphuric acid drop wisely. Shake gently after each addition, complete to the mark by distilled water and leave for some time until the precipitate settles down.

2) Filter into a dry clean beaker. If the filtrate is not clear, re-filter it again. When about half the volume is filtered, wash the burette with little of the filtrate and then fill it with the filtrate.

3) Place 10 mL of Fehling's solution in a porcelain dish and dilute with 40 mL of distilled water. Heat the Fehling's until it boils gently and titrates by adding the filtrate slowly and regularly in order to keep Fehling's solution boiling all the time.
4) Continue the titration until the last trace of blue color is just discharged, using an external indicator near the end point (Pot. ferrocyanide solution acidified with glacial acetic acid).
Note: the end point is reached when no brown color or precipitate is formed on the addition of one drop of the solution to the external indicator.

Calculations:

Volume of Fehling's reduced by lactose (V) =   mL.
Every           10 mL of Fehling's solution is reduced by 0.0678 gm lactose.

Then             V mL of Fehling's solution is reduced by R gm lactose.

[image: image22.emf]
[image: image23.emf][image: image24.emf]Lactose % =                                            =
Laboratory No. 6
Isolation of Caffeine from Tea

IN THIS EXPERIMENT, YOU WILL:
· Isolate the amount of caffeine from tea-leaves. 
· Characterize the isolated caffeine.
Principle:

Caffeine is readily soluble in hot water and is thus separated from the tea- leaves. Caffeine is one of the main substances that make up the water solution (tea). Besides being found in tea-leaves, caffeine is present in coffee, kola nuts and cocoa beans. As much as 5% by weight of the leave material in tea plants consists of caffeine.
Caffeine (1,3,7-trimethylxanthine) is an alkaloid. The molecule has the purine ring system, a framework that plays an important role in living systems. Tea leaves consists primarily of cellulose; this is the principle structural material of all plant cells. The cellulose is insoluble in water, so that by using a hot water extraction, more soluble caffeine can be separated. Also dissolved in water are complex substances called tannins. These colored phenolic compounds of high molecular weight have acidic behavior. If a basic salt such as Na2CO3 is added to the water solution, tannins can react to form a salt. These salts are insoluble in organic solvents such as CHCl3 or CH2Cl2, but are soluble in water. 
EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Commercial tea bags         ii. Anhy. Na2SO4                    iii. Anhy. Na2CO3
iv. CH2Cl2 or CHCl3     v. 125-mL separatory funnel           vi. 50-mL beaker

Procedure:

1) Reflux 50 gm of tea (as bags) with 250 mL of distilled water and 2 gm of anhydrous Na2CO3 in a 500-mL flask fitted with air condenser for 30 minutes.

2) Decant the hot liquid into 50-mL beaker. Wash the tea bags with 10 mL of hot water then cool the tea extract to room temperature.

3) Transfer tea extract to a 125-mL separatory funnel that is supported on a stand with a ring clamp.

4) Carefully add 5 mL of dichloromethane to the separatory funnel. Stopper the funnel and lift it from the ring clamp; hold the funnel with two hands. By holding the stopper in place with one hand, invert the funnel. Make certain the stopper is held tightly and no liquid is spilled; make sure the liquid is not in contact with the stop-cock; open the stop-cock, being sure to point the opening away from you and your neighbors. Built-up pressure caused by gases accumulating inside will be released. Now, close the stop-cock and gently mix the contents by inverting the funnel two or three times.
5) Return the separatory funnel to the ring clamp, remove the stopper and allow the aqueous layer to separate from the organic one. You should see two distinct layers, with the organic layer at the bottom. Sometimes an emulsion may form at the juncture of the two layers. This emulsion can be broken by swirling the contents or by stirring with a glass rod.
6) Carefully drain the lower layer into 50-mL beaker. Try not to include any water with the organic layer; careful manipulation of the stop-cock will prevent this.

7) Repeat the extraction with 5 mL of dichloromethane then combine the separated bottom layers.

8) Add 0.5 gm of anhydrous Na2SO4 to the extract. Swirl the flask, the anhydrous salt is a drying agent and will remove any water that may still be present. 
9) Weigh a 25 mL side-arm filter flask containing one or two boiling stones. By means of a gravity filtration, filter the dichloromethane-salt mixture into this flask.

10) Remove the dichloromethane by evaporation in the hood. The solid residue, which remains after the solvent is gone, is the crude caffeine. Reweigh the cooled flask, calculate the weight of the crude caffeine by subtraction and determine the percent yield.
Laboratory No. 7
Isolation of Limonene from Orange Peels
via steam distillation

IN THIS EXPERIMENT, YOU WILL:
· Extract out limonene from orange peels via steam distillation. 
· Characterize the isolated limonene.
Principle:

Limonene (1-methyl-4-propen-2-yl-cyclohexene), a terpene, is an unsaturated hydrocarbon. At room temperature, it is a colorless oily liquid with the smell of oranges. Its molecular formula is C10H16 and its boiling point is 176 (C.



Limonene is a chiral molecule with two optical isomers (enantiomers). The major biological form d-limonene, the (R)-enantiomer, is used in food manufacture and medicines. It is also used as a fragrance in cleaning products, a botanical insecticide, and due to its flammability, a potential biofuel.

The (S)-enantiomer, l-limonene, is also used as a fragrance but has a piney, turpentine odour. It is possible to allow students to observe the optical activity of chiral molecules by comparing saturated glucose solution with distilled water in a polarimeter.
The distillation of a homogeneous binary mixture produces a vapor to which each component in the mixture contributes a part. The distillation of a heterogeneous binary mixture, on the other hand, produces a vapor mixture that is only dependent upon the temperature. Thus, if a mixture is composed of water and a high-boiling, water-immiscible substance, the mixture will boil near but somewhat below 100 (C. Most of the distillate will be water, but a separable portion of it will be the immiscible component, usually in a high state of purity. The process just described, called steam distillation, is an excellent technique for the isolation of many water-insoluble compounds that are unstable at temperatures near their boiling points, or compounds difficult to isolate or purify in any other way.
Steam distillations may be carried out in the following ways. The compound to be separated and water are simply placed in a conventional distillation apparatus and the distillation collected.

This is called direct steam distillation. The distillate, which appears as a heterogeneous mixture, may be either two liquid layers or a solid and water. A separation is easily effected by way of the separatory funnel or by simple separation.

In the present experiment we will isolate by way of direct steam distillation (see apparatus) a sample of limonene from a few oranges. Limonene is an essential oil made up of two isoprene units to form one of a class of compounds known as terpenes.

EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Orange peels             ii. 250-mL flask                             iii. Water-bath
iv. CH2Cl2 or CHCl3     v. 125-mL separatory funnel           vi. 50-mL beaker

Procedure:

1) Grate the outer orange colored rind of two oranges and add to 100 mL of distilled water in the 250-mL round bottomed flask. Add anti-bumping granules to the round bottomed flask.
2) Set up the distillation apparatus as shown in the apparatus section.

3) Heat the flask so that distillation proceeds at a steady rate, approximately one drop per second of distillate. (Note: Take care not to let the liquid in the round bottomed flask boil too strongly).
4) Collect approximately 50 mL of distillate in the measuring cylinder. The oil layer will be on the surface. 
5) Transfer into 125-mL separatory funnel, add 10 mL of methylene chloride, shake very well and leave to be separated into two layers.
6) Collect the organic layer, repeat the last step and evaporate the organic solvent on water-bath.
Laboratory No. 8
Isolation of Cholesterol from Egg Yolk
IN THIS EXPERIMENT, YOU WILL:
· Gain experience in the use of several techniques used to isolate chemical substances from their natural sources. 

· Isolate the steroid cholesterol from egg yolk and characterize it.
Principle:

Living organisms are amazing in their ability to specifically and efficiently synthesize complicated organic compounds. Many of the familiar organic materials we use daily are natural products, including substances used as (1) flavorings (peppermint, spearmint, cinnamon), (2) foods (carbohydrates, fats, proteins), (3) polymers (rubber, cotton, silk), (4) building materials (wood), (5) drugs (penicillin, streptomycin), and (6) vitamins.
Cholesterol is the best known and most abundant steroid in the body. It is a precursor for many of the important naturally occurring steroids, including male and female sex hormones, bile salts, and hormones of the adrenal glands.
The extreme insolubility of cholesterol in water sometimes causes it to come out of solution. In the bloodstream, this process contributes to the hardening of the arteries, and in the gallbladder it leads to the formation of gallstones. Cholesterol isolated from gallstones contains very small amounts of other steroids related to cholesterol.
EXPERIMENTAL PROCEDURE
Materials & Apparatus:

i. Cooked egg yolk             ii. 250-mL beaker                 iii. Water-bath
iv. Isopropanol                   v. 100-mL beaker                 vi. 50-mL beaker

Procedure:

1) Use a plastic weighing dish and electronic balance to accurately weigh out a sample of cooked egg yolk with a mass of about 2 gm.

2) Put the weighed sample into a 100-mL beaker and add 5 mL of isopropanol. Stir the mixture with a spatula to break up the egg yolk. Cover the mouth of the beaker with a watch glass to prevent evaporation.
3) Allow the mixture to sit for 10 minutes with occasional swirling while you set up a hot water bath in a fume hood. Use a 250-mL beaker for the bath. 
4) After the mixture has been sitting for 10 minutes, filter it through a dry filter paper. Collect the filtrate (liquid) in a weighed 50-mL beaker.

5) Use a clamp to hold the 50-mL beaker in the water bath. Heat the bath to boiling and continue heating until all of the 2-propanol has been evaporated from the beaker.
6) When the evaporation is finished, remove the beaker from the water bath and allow it to cool for 5 minutes. Wipe the outside dry and weigh it with the contained cholesterol on the same balance.

7) Add 20 drops of glacial acetic acid to the residue in the weighed beaker. Swirl the beaker carefully to dissolve the solid residue from the sides and bottom of the beaker. Cover the mouth of the beaker with a watch glass and save the solution for use in the next experiment.
The Lieberman-Burchard Test for Cholesterol
1) Put 4 drops of a 1% cholesterol solution into a clean, dry 10-cm test tube. Put 4 drops of the cholesterol extract stored in the beaker in Step 7 of last experiment in a second clean, dry 10-cm test tube.

2) Add 4 drops of acetic anhydride and 1 drop of concentrated sulfuric acid to each of the test tubes.
3) If cholesterol is present in the test tubes, a characteristic color change occurs as a result of adding these reagents. An initial dark color changes to a blue-green color in 1 to 2 minutes. Note and record in Table 5 the color of the solutions 2 minutes after adding the acetic anhydride and sulfuric acid.
TABLE 5: Calculations (Report Sheet)
	Mass of egg yolk sample
	

	Mass of 50-mL beaker
	

	Mass of isolated cholesterol + beaker
	

	Color of 1% cholesterol solution
	

	Color of cholesterol extract solution
	

	Mass of isolated cholesterol
	

	Percentage of cholesterol isolated
	




Name:
Department:

Branch:

	Experiment
	Mark
	Instructor signature
	Date
	Notes

	Identification of Carbohydrates
	
	
	
	

	Preparation of Sugars Osazone
	
	
	
	

	Preparation of Glucose Penta-acetates
	
	
	
	

	Preparation of Galactose from Lactose
	
	
	
	

	Estimation of Lactose in Milk
	
	
	
	

	Isolation of Caffeine from Tea Leaves
	
	
	
	

	Isolation of Limonene from Orange Peels
	
	
	
	

	Isolation of Cholesterol from Egg Yolk
	
	
	
	

	Total evaluation
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