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I. SAFETY IN THE LABORATORY 
I.1. INTRODUCTION 
Organic chemistry is an experimental science. Our understanding of organic chemistry is mainly the result of laboratory observation and testing. For this reason, the laboratory is an important part of a student’s education in organic chemistry. Because of the nature of organic compounds, the organic chemistry laboratory is generally more dangerous than the inorganic chemistry laboratory. Many organic compounds are volatile and flammable. Some can cause chemical burns; many are toxic. Some can cause lung damage, some can lead to cirrhosis of the liver, and some are carcinogenic (causing cancer). Yet organic chemists generally live as long as the rest of the population because they have learned to be careful. When working in an organic laboratory, you must always think in terms of safety. 
I.2. Personal safety 
I.2.1. Using Common Sense 
Most laboratory precautions are nothing more than common sense. The laboratory is not a place for horseplay. Do not work alone in the laboratory. Do not perform unauthorized experiments. Do not sniff, inhale, touch or taste organic compounds, and do not pipette them by mouth. Wipe acids and bases. Neutralize residual spilled acid with sodium bicarbonate and spilled base with dilute acetic acid. Do not put dangerous chemicals in the waste crock – the janitor may become injured. Do not pour chemicals down the sink – the environment will be injured. Instead, use the containers provided for chemical disposal. When working in the laboratory, wear suitable clothing. Jeans and a shirt will rolled-up sleeves, plus a rubber lab apron or cloth lab coat, are ideal. Do not wear your best clothing –laboratory attire usually acquires many small holes from acid splatters and may also develop a distinctive aroma. Loose sleeves can sweep flasks from the laboratory bench, and they present the added hazard of easily catching on fire. Long hair should be tied back. Broken glass sometimes litters the floor of a laboratory; therefore, always wear shoes. Sandals are inadequate because they do not protect the feet from spills. Wash your hands frequently, and always wash them before leaving the laboratory, even to go to the rest room. Because of the danger of fires, smoking is prohibited in laboratories. Because of the danger of chemical contamination, food and drink also have no place in the laboratory. On the first day of class, familiarize yourself with the locations of the fire extinguishers, fire blanket, eyewash fountain and shower. 
I.2.2. Safety Glasses 
Chemicals splashed in the eyes can lead to blindness; therefore it is imperative that you wear safety glasses, or better yet, safety goggles. Wear them at all times, even if you are merely adding notes to your laboratory notebook or washing dishes. You could be an innocent victim of your lab partner’s mistake, who might inadvertently splash a corrosive chemical in your direction. In the case of particularly hazardous manipulations, you should wear a full-face shield (similar to a welder’s face shield).Your instructor will tell you when this is necessary. Contact lenses should not be worn, even under safety glasses. The reason for this rule is that contact lenses cannot always be removed quickly if a chemical gets into your eye. A person administering first aid by washing your eye might not even realize that you are wearing contact lenses. In addition, “soft” contact lenses can absorb harmful vapors. If contact lenses are absolutely necessary, properly fitted goggles must be worn. Also inform your laboratory instructor and neighbors that you are wearing contact lenses.
I.3. Laboratory Accidents 
I.3.1. Chemicals in the Eyes 
If a chemical does get into your eye, flush it with gently flowing water for fifteen minutes. Do not try to neutralize an acid or base in the eye. Because of the natural tendency of the eyelids to shut when something is in the eye, they must be held upon during the washing. If there is no eyewash fountain in the laboratory, a piece of rubber tubing attached to a tap is a good substitute. Do not take time to put together a fountain if you have something in your eye, however! Either splash you eye (held open) with water from the tap immediately or lie down on the floor and have someone pour a gentle stream of water into your eye. Time is important. The sooner you can wash a chemical out of your eye, the less the damage will be. 
After the eye has been flushed, medical treatment is strongly advised. For any corrosive chemical, such as sodium hydroxide, prompt medical attention is imperative. 
I.3.2. Chemical Burns 
Any chemical (whether water-soluble or not) spilled onto the skin should be washed off immediately with soap and water. The detergent action of the soap and the mechanical action of washing remove most substances, even insoluble ones. If the chemical is a strong acid or base, rinse the splashed area of the skin with lots and lots of cool water. Strong acids on the skin usually cause a painful stinging. Strong bases usually do not cause pain, but they are extremely harmful to tissue. Always wash carefully after using a strong base. 
If chemicals are spilled on a large area of the body, wash them off in the safety shower. If the chemicals are corrosive or can be adsorbed through the skin, remove contaminated clothing so that the skin can be flushed thoroughly. If chemical burns result, the victim should seek medical attention. 
I.3.3. Heat Burns 
Minor burns from hot flasks, hot tubing, and the like are not uncommon occurrences in the laboratory. The only treatment needed for a very minor burn is holding it under cold water for 5 – 10 minutes. A painkilling lotion may then be applied. To prevent minor burns, keep a pair of inexpensive loose-fitting cotton gloves in your laboratory locker to use when you must handle hot beakers, tubing or flasks. A person with a serious burn, as from burned clothing, is likely to go into shock. He or she should be made to lie down on the floor and kept warm with the fire blanket or with a coat. Then, an ambulance should be called. Except to extinguish flames or to remove harmful chemicals, do not wash a serious burn and do not apply any ointment. However, cold compresses on a burned area will help dissipate heat. 
I.3.4. Cuts 
Minor cuts from broken glassware are another common occurrence in the laboratory. These cuts should be flushed thoroughly with cold water to remove any chemicals or sliver of glass. A pressure bandage can be used to stop any bleeding. Major cuts and heavy bleeding are a more serious matter. The injured person should lie down and be kept warm in case of shock. A pressure bandage (such as folded, clean dish towel) should be applied over the wound and the injured area elevated slightly, if possible. An ambulance should be called immediately. 
I.3.5. Inhalation of Toxic Substances 
A person who has inhaled vapors of an irritating or toxic substance should be removed immediately to fresh air. If breathing stops, artificial respiration should be administered and an emergency medical vehicle called. 
I.4. Laboratory Fires 
I.4.1. Avoiding Fires 
Most fires in the laboratory can be prevented by the use of common sense. Before lighting a match or burner, check the area for flammable solvents. Solvent fumes are heavier than air and can travel along a bench top or a drainage trough in the bench. These heavy flammable fumes can remain in sinks or waste baskets for days. While it is indeed true that a flammable solvent should not have been discarded in the sink or waste basket, it is always possible that some inconsiderate fool has done so. Therefore, do not discard hot matches, even if extinguished, or any other hot substance in sinks or waste baskets. Whenever you use a flammable solvent, extinguish all flames in the vicinity beforehand. Always cap solvent bottles when not actually in use. Do not boil away flammable solvents from a mixture except in the fume hood. Place solvent-soaked filter paper in the fume hood to dry before discarding it in a waste container. Spilled solvent should not be allowed simply to evaporate.  If a solvent is spilled, clean it up immediately with paper towels which should be placed in the hood to dry. Solvents should never be poured into a drainage trough (which is for water only). Because of environmental concerns, solvents should be disposed of only in containers provided for solvent disposal. In general, these disposal containers are located in the fume hood in the laboratory. 
I.4.2. Extinguishing Fires 
In case of even a small fire, tell your neighbors to leave the area and notify the instructor. A fire confined to a flask or beaker can be smothered with a watch glass of large beaker placed over the flaming vessel. (Try not to drop a flaming flask – this will splatter burning liquid and glass over the area). All burners in the vicinity of a fire should be extinguished, and all containers of flammable materials should be removed to a safe place in case the fire spreads. For all but the smallest fire, the laboratory should be cleared of people. It is better to say loudly, “Clear the room,” than to scream “Fire!” in a panicky voice. If you hear such a shout, do not stand around to see what is happening, but stop whatever you are doing and walk immediately and purposefully toward the nearest clear exit. Many organic solvents float in water; therefore water may serve only to spread a chemical fire. Some substances, like sodium metal, explode on contact with water. For these reasons, water should not be out to extinguish a laboratory fire; instead, a carbon dioxide or powder fire extinguisher should be used. 
If a fire extinguisher is needed, it is best to clear the laboratory and allow the instructor to handle the extinguisher. Even so, you should acquaint yourself with the location, classification and operation of the fire extinguish the first day of class. Inspect the fire extinguishers. Find the sealing wire (indicating that the extinguisher is fully charged) and the pin that is used to break this sealing wire when the extinguisher is needed.
Fire extinguishers usually spray their contents with great force. To avoid blowing flaming liquid and broken glass around the room, aim toward the base and to the side of any burning equipment, not directly toward the fire. Once a fire extinguisher has been used, it will need recharging before it is again operable. Therefore, any use of a fire extinguisher must be reported to the instructor.
I.4.3. Extinguishing Burning Clothing 
If your clothes catches fire, walk (do not run) to the shower if it is close by. If the shower is not near, lie down, roll to extinguish the flames, and call for help. A clothing fire may be extinguished by having the person roll in a fire blanket. The rolling motion is important because fire can still burn under the blanket. Wet towels can be use to extinguish burning clothing. A burned person should be treated for shock (kept quiet and warm). Medical attention should be sought.
I.5. Handling Chemicals 
I.5.1. Acids and Bases 
To prevent acid splatters, always add concentrated acids to water (never add water to acids). Concentrated sulphuric acid (H2SO4) should be added to ice water or crushed ice because of the heat generated by the mixing. Do not pour acids down the drain without first diluting them (by adding those to large amounts of water) and then neutralizing them. Strong bases should also be diluted and neutralized before discarding. If you splash an acid or strong base on your skin, wash with plentiful amounts of water, as described in the section on chemical burns. Concentrated hydrochloric acid (HCl) and glacial acetic acid (CH3COOH) present the added hazard of extremely irritating vapours. These two acids should be used only in the fume hood. 
Sodium hydroxide (NaOH) is caustic and can eat away living tissues. As a solid (usually pellets), it is deliquescent; a pellet that is dropped and ignored will form a dangerous pool of concentrated NaOH. Pick up spilled pellets while wearing plastic gloves or by using a piece of paper, neutralize them, and then flush the neutralized mixture down the drain with large amounts of water. Aqueous ammonia (“ammonium hydroxide”) emits ammonia (NH3) vapors and thus should be used only in the fume hood.
I.5.2. Solvents 
Organic solvents present the double hazard of flammability and toxicity (both short-term and cumulative).  
• Diethyl ether (C2H5OC2H5) and petroleum ether (a mixture of alkanes) are both very volatile (have low boiling points) and extremely flammable. These two solvents should never be used in the vicinity of a flame, and they should be boiled only in the hood.  
• Carbon disulphide (CS2), which is now rarely used in the organic laboratory, is uniquely hazardous. Its ignition temperature is under 100 C, the boiling point of water; therefore, fires can result even from its contact with a steam pipe.  
• Benzene (C6H6) is flammable and also extremely toxic. It can be absorbed through the skin, and long-term exposure is thought to cause cancer. Benzene should be used as a solvent only when absolutely necessary (and then handled with great care to avoid inhalation, splashes on the skin, or fire). In most cases toluene can be substituted for benzene. Although toluene is flammable, it is less toxic than benzene. 
• Most halogenated hydrocarbons, such as carbon tetrachloride (CCl4) and chloroform (CHCl3), are toxic, and some are carcinogenic. Halogenated hydrocarbons tend to accumulate in the fatty tissues of living systems, instead of being detoxified and excreted, as most poisons are. In repeated small doses, they are associated with chronic poisoning and damage to the liver and kidneys. If either carbon tetrachloride or chloroform must be used, it should be handled in the fume hood. 
 Because of the dangers inherent with all organic solvents, they should always be handled with respect. Solvent vapors should not be inhaled, and solvents should never be tasted or poured on the skin. Wash any splashes on your skin immediately with soap and water. Keep solvent bottles tightly capped. Always heed precautions to avoid fires. 












INVESTIGATION OF SIMPLE ORGANIC COMPOUNDS
A.  PHYSICAL PROPERTIES:
I.1. Color:
The color of the original sample is noted. Some compound show color due to impurities, which is frequently produced as a results of their slow oxidation by moist air (freshly distilled aniline is nearly colorless but goes reddish brown when kept for a longer time), while many others show color due to the presence of chromophoric groups in them. A brief summary of conclusions that can be drawn by the observation of color is given here.
	Observation
	Inference

	Orange-red
	Nitoanilines, azo compound, β-naphthoquinone, alizarin

	Brown
	Higher aromatic amines, diamines

	Pink
	Naphthols Greenish-yellow p- nitroso compounds, quinhydrone

	Yellow
	Iodoform, nitro compounds, quinines, α-diketones

	Colorless (turning reddish brown or pinkish (due to air oxidation)
	Phenol, aniline, aminophenols, tannic acid, α- and β- naphthylamines

	Colorless (turning yellowish or yellow-brown)
	Anthracene, cinnamic acid, cresols

	Colorless
	Carbohydrates, aldehydes, ketones, acids, esters, alcohols, ethers, many hydrocarbons



I.2. Odor:
Many types of organic compounds have characteristic odor and so the ability to detect and remember an odor is helpful in qualitative analysis. Some of the odor characteristics of compounds are given here.
Observation and Inference
· Odor of better almond, Benzaldehyde, benzonitrile, nitrobenzene
· Mouse-like Acetamide, acetonitrile 
· Cinnamon-like Cinnamic acid
· Pleasant-fruity Ester
· Pleasant, sweet Chloroform, diphenylamine, alcohols
· Garlic Thiophenols, thioalcohols
· Phenolic (carbolic) Many phenols
· Pungent, irritating Lower acids, lower aldehydes, acid halides, thioacids
· Camphor-like Pinacol, hexachloroethane
· Intensely disagreeable Isocyanides
· Vinegar-like Acetic acid, aspirin
· Cucumber-like Chloral
· Pyridine-like Heterocyclic bases
· Fish-like Lower aliphatic amines, side-chain aromatic amines
· Odorless Carbohydrates, aromatic acid, glycerol, solid aliphatic acid, etc.

B. CHEMICAL PROPERTIES:
I. Elements Test (Lassaigne's Test)
a) Required chemicals:
Sodium metal (Na), distilled water, sample, lead acetate, ferrous sulfate, sulfuric acid, sodium nitroprusside, lead acetate and silver nitrate.
b) Apparatus:
Beakers, conical flasks, glass rod, ignition tubes, Bunsen flame, filter papers, funnels, test tubes, rack for test tubes and litmus papers.
c) Experimental tests:
This test is aimed to identify the nitrogen, sulphur and halogen in organic compounds and it can be carried out by fusion of the organic substance with sodium metal. The following equations express the reaction of element after reacted with sodium:
Na + C + N →NaCN (nitrogen compounds)
2 Na + S → Na2S (sulfur compounds)
Na + X → NaX (halogen compounds, X = Cl, Br, ..)
Method:
1- A small piece of clean sodium metal is introduced into a dry micro ignition tube and heat the tube gently, near the outer post of the flame until the sodium metal melts.
2- Add portion of the finely powdered substance. 
3- Heating of the ignition tube is continued gently for about 5-10 min.
4- Heating is then continued more strongly until the lower part of the tube becomes red, then plunge اغمس the hot tube at once, into a beaker containing about 10 ml of distilled water.
5- Crush كسر the tube well, boil the contents of the beaker and break      any lumps كتل present, then filter.
6- The N, S and halogen should be detected in the alkaline filtrate according to the following tests.
Note: In case of liquid samples, put just one drop of sample firstly in the ignition tube then add a small piece of clean sodium metal, heat gently, complete the same previous steps.  

I.1.1. Test for Nitrogen:
To carry out this experiment in a clean test tubes take about 1 ml of the filtrate الرشيح and 1 ml of FeSO4 solution followed by addition of one-two drops only of concentrated H2SO4 the color of the solution turns to green or blue indicted of the presence of nitrogen. If no nitrogen in the compound the color will not change.
Equations:
Na + C + N → NaCN
FeSO4 + 2 NaOH→ Fe(OH)2 + Na2SO4
Fe(OH)2 + 6 NaCN → Na4[Fe(CN)6] + 2 NaOH
                                  		Sodium ferrocyanide
Na4[Fe(CN)6] + Fe2 (SO4)3→ Fe4 [Fe(CN)6]3
                                               Ferric-ferrocyanide (Prussian blue)
I.1.2. Test for Sulfur:
i) Sodium nitroprusside test.
In a clean test tube take about 1ml of filtrate then add about 1ml of sodium nitroprusside the color changes to purple in case of the presence of sulphur.
2 Na + S → Na2S
Na2S + Na2[Fe(CN)5NO] → Na4 [Fe(CN)5] NOS
ii) Lead sulfide test.
In a clean test tube take about 1ml of the filtrate then add few drops of acetic acid followed by 3 drops lead acetate, then shake the tube, the black precipitate of lead sulfide indicates the presence of sulfur.
Na2S + (CH3COO)2Pb → PbS + 2 CH3COONa
                                          Black ppt
I.1.3. Test for Halogen:-
i) In the presence of (Nitrogen or Sulfur).
In a test tube take about 1ml of the filtrate then add about 1 ml of conc. HNO3 then boil the mixture for few minutes. Cool the solution and then add about 0.5 ml of silver nitrate (AgNO3) solution:
 White precipitate formed in case of chlorine (Cl).
 Pale yellow precipitate formed in case of bromine (Br).
 Yellow precipitate formed in case of iodine (I).
ii) In the absence of (Nitrogen and Sulfur)
In a test tube, take about 1 ml of the filtrate then add about 1-2 ml of dilute HNO3 followed by the addition of about 1 ml of AgNO3 solution and observe the results as described above.
Equations:
Na + X → NaX
NaX + HNO3 + AgNO3 → AgX + NaNO3
Where: X = Cl, Br, I
The results should be written as:
Sample no. ( )
[image: ]

Sample no. ( )
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Sample no. ( )
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Sample no. ( )
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Sample no. ( )
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I.2. Action of Heat (Ignition Test):
Place a little of the substance (0.1g) on a piece of glass or porcelain and then heat it over a low flame, raising the temperature gradually. Observe whether the compound is volatile; inflammable (if so, nature of the flame); or melts, decomposes or a residue is left. If a residue is left, it is cooled and drop of distilled H2O is added to the residue and tested with litmus paper (or ph.ph. indicator). Then a little of dil. HCl is added to see whether any gas is evolved or not.
Observation and Inference
a) Burns with a smoky flame, high carbon content or aromatic   
     compounds, 
b) Burns with a non-smoky flame, low carbon content, aliphatic  
     compounds
c) Non-inflammable may be rich in halogen or contain metals.
d) Melts, darkness, swells تنتفخ and then chars with odor of burnt 
     sugar, Sugar
e) Chars without melting with the odor of burnt sugar, Starch,  
     inulin, tartaric, citric, or their salts, lactate
f) Leaves a residual, may be organo metallic compounds or
    metallic salts of acids

II.3. Heating with Soda-Lime:
Mix well the compound (0.1 g) with powdered soda-lime (1 g) in a dry test tube, cover with a layer of soda-lime and heat first gently and then strongly, notice any odor or change in color.
Observation and Inference
a) Ammonia or ammonical vapors evolved, Ammonium salts,  
     amides, imides, nitriles, aliphatic amino acids or poly nitro- 
     compounds.
b) Chloroform produced (gives a characteristic odor while  
     cold) Chloral hydrates
c) Odor of burnt sugar, Carbohydrates or some aliphatic 
     hydroxyl acid and their salts
d) Phenolic odor, Phenolic acids or phenyl esters of carboxylic  
    acids
e) Benzene produced Benzene carboxylic acid or their salts
f) Odor of aromatic amine, Amine salts, anilinides or aromatic
    amino-carboxylic acids
g) Color changes yellow to brown and then black, many      
     aromatic nitro compounds
Ammonia odor
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Benzene odor
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Aniline odor
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Phenolic odor
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Chloroform odor
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II.4. Treatment with 20% NaOH solutions:
Add about 5 ml of 20% NaOH solution to the compound (0.1g).
Note the reaction while cold and then warm or heat if necessary.
Observation and Inference
a) Dissolves on cold (warm) but not soluble in water, some  
     aromatic acid or water insoluble phenols.
b) Color deepens on standing, some polyhydric phenols, aminophenone or benzoquinone
c) Ammonia evolves on cold, mostly ammonium salts of acids
d) Chloroform produced as oil, chloral or its hydrates
e) Oil or ppt formed, salts of aliphatic or aromatic amines or  
    anilides.
f) Yellow to brown resin on heating, carbohydrates (sucrose and
    starch give only a faintly yellow colored product) or   
    aliphatic aldehydes (except HCHO)
g) Ammonia evolves on heating, amides, imides, nitriles or urea.

II.5. Treatment with conc. H2SO4 acid:
To a small quantity (0.1g) of the substances contained in a dry test tube, add about 1ml of conc. H2SO4 acid and note the reaction first while the mixture is cold and then after it has been gently warmed.
Observation and Inference
a) Evolution of CO and CO2 without charring but the mixture  
    turns yellow, citric acid and its salts.
b) rapid charring with effervescence ( evolution of CO and/or  
    CO2 and SO2), carbohydrates, tartarates, lactates.
c) evolution of CO and CO2 but no blackening, oxalates, 
d) blackening without effervescence, phenols.
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II.6. Nitration test:
Boil a portion of the solid with a mixture of equal volumes of conc. HNO3 and H2SO4 acid in a dry test tube. When the brown fumes cease evolved. Pour the contents into a beaker containing about 30ml of water.
Nitration of liquid
Great care must be taken during nitration of liquids. Alcohols under any conditions are not to be nitrated. Liquid in general, react more vigorously and nitrated more easily than solids.
Procedures:
To one drop of the liquid add continuously one drop of conc. Nitric acid and if necessary heat gently, then add another drop of acid, warm and finally add 1 ml of conc. sulphuric acid, then proceed as usual.
Notes on nitration:
1. Some aromatic compounds are not nitrated under the above experimental conditions (e.g. polyhydroxy compound: esorcinol, gallic acid).
2. Other aromatic compound give rise to almost colorless nitro compounds which are not precipitated in the nitration medium (e.g. some substituted and polycarboxylic benzoic acid, phthalic acid.
3. Some aliphatic compounds (specislly some salt of aliphatic acids), when subject to the nitration test give an indication of an aromatic nature, e.g. iron and cobalt salts, when nitrated give colored solution (due to their cations) and lead and barium salts give, on nitration white ppt. of the insoluble sulphates. In this latter case reference is made to reaction π-2 (metallic residue).
Observation and Inference
a) A yellow, orange or red colored solution, oil or ppt.  aromatic compound
b) –ve, aliphatic compound
II-7- Acidity test:
A cold solution of NaHCO3 is added to a cold solution of the substance in H2O or alcohol or even to a suspension in H2O.
Observation and Inference
a) Effervescence with evolution of CO2, a carboxylic acid, aniline salts, urea salts, sulphonic acid or phenolic compounds activated by nitro groups.
b) –ve, Non acidic compound
[image: ]
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II-8- Treatment with FeCl3:
Procedure:
Add a few drops of FeCl3 soln. to dilute soln. of the substance in water or in alcohol.
Observation and Inference:
a) Intense purple, blue or red color, phenol, phenolic acids, esters and amides.
b) Buff ppt. (cleared by dil. HCl but replaced by a white ppt. of free acid. aromatic acid and succinate.
c) Greenish color of ppt, catechol, quinol or β-naphthol.
d) Red color (discharges on addition of dil. HCl ), Amino acids, formic or acetic acids.
e) Greenish color ( the substance in dil.HCl ), Some amines 

II-9- Reverse addition:
Observation and Inference
a) Soluble in NaOH soln. and reprecipitated by dil. HCl acid and not soluble in H2O, Aromatic carboxylic acid  or water-insoluble phenol.
b) Soluble in dil. HCl ( not soluble in H2O) and reprecipitated by NaOH solution, organic base 
[image: ]
II-10-a) Reduction:
Add a few drops of KMnO4/ H2SO4 soln. to soln. of the substance in water
Observation and Inference
a) KMnO4 color is disappeared, substance has reducing character.
b) KMnO4 color is not disappeared, substance has not reducing character.
b) Unsaturation test:
Add a few drops of Br2/ H2O soln. to soln. of the substance in water (compounds dissolved in water), or a few drops of Br2/ CCl4 soln. to soln. of the substance in CCl4 (compounds dissolved in CCl4)
Observation and Inference
a)Br2 color is disappeared, substance has unsaturated bond.
b) KMnO4 color is not disappeared, substance has not unsaturated bond.





Sample no. ( )
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Solubility in water:
Chemical properties:
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	1-Elements test


2-Effect of heat
3-Heating with sodalime
4-Treatment with 20% NaOH 
5-Treatment with conc.H2SO4
6-Nitration test
7-Acidity test
8- Treatment with FeCl3
9- Reverse addition
10-a) Reduction
b) unsaturation test
		N
	S
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REACTION OF CHARACTERISTIC GROUPS
III-Characteristic group having no additional elements (C, H, O)
Characteristic groups considered in this section contain C and H (with or without O) elements. e.g. Carbohydrates, Carboxylic acids, phenol and alcohols, esters, Aldehydes, Ketones, Hydrocarbons

III-1-Molish's test (characteristic test for carbohydrates):
Place 0.025g of the substance in a test-tube containing 2.5ml of H2O and mix it with 2 drops of a 10% solution of 1-naphthol in ethanol. Allow 1ml of conc. H2SO4 acid to follow down the side of the test tube (the acid forms a heavy layer at the bottom) and allow to solution to stand for a minute. If a carbohydrate is present a red-violet ring appears at the interface of the two liquids: the color quickly changes on standing or shaking, a violet solution being formed. Shake and allow the mixture to stand for 2 minutes, then dilute with 5ml of H2O. In the presence of a carbohydrate, a violet precipitate will appear immediately.

III-2-Acidity test (characteristic test for acid):
Add 1 ml of NaHCO3 solution to 1 ml of an aqueous or alc. Solution of compound (unknown). Effervescence takes place due to the evolution of CO2 gas.

III-3-Test for hydroxyl group:
Phenols and alcohols contain hydroxyl group
III-3-a-Test for phenolic hydroxyl group (FeCl3 Test):
Hydroxyl group of phenols and enolic compound gives color (red, violet, green,…) with FeCl3. 
Add few drops of FeCl3 solution to a solution of the substance in water or in alcohol (note the color produced).
[image: ]
III-3-b-Test for alcoholic hydroxyl group (Sodium metal Test):
Clean pieces of sodium are added to small amount of dry ether or benzene until evolution of H2 ceases if present. Then add a little of the substance, if bubbles of H2 gas evolve, -OH group is present.
Note: after finish experiment, throw down tube content in red alcohol.بعد انتهاء التجربة
 تلقى محتويات الانبوبة فى كاس يحتوى على كحول احمر                                         
[image: ]
III-4-Test for CHO group (Schieff's reagent):
Add 2-3 drops (if the substance is a liquid) or 0.1 gm of the solid to 2 ml of Schiff's reagent. A pink color develops within 2 minutes. (Schiff's reagent must not be warmed, nor alcohol must be used as a solvent).
Note:
1. Schiff's reagent (rosaniline hydrochloride (magenta) is dissolved in water (deep-red solution) and SO2 is passed in until the magenta color is discharged.
2. The reaction of aldehydes with Schiff's reagent is not very characteristic due to the reducing properties of the aldehydes.

III-5-Test for ketones:
Add 0.1 g of the substance + 0.3 g of phenyl hydrazine hydrochloride + 0.2 g of sodium acetate + 1 ml water, warm in boiling water bath for 20 min. If no precipitate forms immediately allow to cool. A crystalline precipitate indicates the presence of carbonyl compound.

[image: Description: C:\Users\ALBOSTAN\Documents\untitled.tif]

III-6- Test for ester group (hydroxamic test):
Add 2-3 drops (if the substance is a liquid) + 1 ml of alc. Hydroxyl amine hydrochloride + 1  ml of alc. potassium hydroxide, then warm until boiling, cool, add dil. HCl until the medium will be acidic, add few drops of FeCl3, if red or violet color formed, COOR group is present.

III-7-Test for metallic residue (Action of heat):
Heat a small portion of the substance on a piece of porcelain, leaves a residue, when dissolved in dil. HCl, CO2 evolves with effervescence. In this case a metallic salt of acid is present.
a) White residue; Alkali metal in the form of carbonate or alkaline earth metal left as oxide.
b) Red or yellow residue, lead oxide.
c) Yellow residue when hot and white when cold, zinc oxide.
d) Black residue, CuO, Co2O3, Fe2O3.   
The metallic residue can be further identified by dissolving it in dil. HCl acid and searching for the basic radical in the usual way.

III-8-Test for hydrocarbon (Picrate test):
Dissolve 0.1 g of the hydrocarbon and 0.2 g of picric acid separately in the minimum volume of benzene (about 2 ml), mix the two solutions and allow to cool. Filter and wash with 2 ml of ethanol.
a- Yellow crystals, Naphthalene (150 ºC)
b- Red crystals, Anthracene (138 ºC)
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IV- Compounds containing C, H, O and N

This class includes ammonium salts of acids, amides, imides, amines, anilides, nitro compounds and amino acids.
IV-1- ammonium salts of acids:
IV-1-1- Grind in a mortar, a portion of the substance with solid Na2CO3, moisten with a few drops of H2O, ammonia evolves.

IV-1-2- Add NaOH solution to the solid substance in a test tube, ammonia is given on cold. The above two tests indicates ammonium salts of acids.

IV-2-Test for Amides, imides and nitriles: (Boiling with 30% NaOH solution)
Boil the compound, in a test tube with 30-40% NaOH solution (3-4 ml) evolution of ammonia indicates the presence of an amide, imide or nitrile group.
[image: ].
IV-3-primary aromatic amines:diazotization and coupling with β-naphthol:
Prepare three test tubes as follow:
1- Add dil. HCl to the substance in the first test tube (the substance does not need to dissolve completely in HCl). Cool in ice.
2- Put solution of sodium nitrite in water in the second tube.
3- add cold alkaline solution of  β-naphthol in the third tube. put the three tubes in an ice bath for about 5 min.             add drops  of tube 2 into tube 1 gradually, then add drops     
            of the mixture of tubes (2 and 1) gradually to tube 3.  
            brilliant red dye indicates primary aromatic amines.
[image: Description: C:\Users\ALBOSTAN\Documents\NH2.tif]
IV-4- test for nitro group:
      a- in absence of amino group (Reduction to amino  
          group):
· NO2-group on reduction, is transformed to the primary amino group which can be detected by diazotiasation and coupling.
· Place about 0.5 ml. or 0.5 g. of the compound in small beaker, add 5 ml. conc. HCl and few pieces of granulated tin or Zinc. Warm gently with stirring till all the compound has disappeared. Filter and pour into about 5 ml. of water. Cool, carry out diazotiasation test and couple with alkaline β-naphthol.

[image: ]

b- in the presence of amino group
Diazotize the amine as before in IV-3 (mixture of the first and second tubes) Stir the solution from time to time, wait for 10 minutes, then take a portion of the diazotised solution in a test tube and boil it till all N2 gas is evolved. Cool in ice and couple (small amount) by adding alkaline solution of β-naphthol, if a color or ppt. is formed, this indicates that the amino group is not removed completely. Continue boiling, and then test a portion by coupling with β-naphthol soln. of no dye is given. Next, boiling the original soln. with Zn and HCl for 10 minutes at least. 
This step destroys the diazonium compound and reduces the nitro group to amino group.
Cool again and diazotize as before and couple, a red dye indicates the presence of a nitro group.
[image: Description: C:\Users\ALBOSTAN\Documents\NO2.tif]

IV-5- secondary aromatic amines: (action of nitric acid)
Dissolve a few crystals of substance in 1 ml. of conc. H2SO4. Add 2drops of conc. HNO3 to about 10 ml. of H2O, shake and add one drop of this solution to the former one, Deep blue color indicates that the substance is secondary aromatic amine (Diphenylamine).

IV-6- Test for Amino acid (Sorenson's test):
Prepare two test tubes as follow:
First tube: Place 1 ml of formaldehyde, 2-3 drops of phenol phthaline, and add diluted soln. of NaOH drop-wise قطرة قطرة until the mixture turns red color.
Second tube: Place 1 ml of unknown (amino acid), 2-3 drps of phenol phthaline and add diluted soln. of NaOH drop-wise until the mixture turns red color.
Add the first tube to the second, the red color will disappeared. 


[image: Description: C:\Users\ALBOSTAN\Documents\aminoacid.tif]
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V- COMBINATION OF SULPHUR

This class includes: alkaline bisulphate addition compounds of aldehydes and ketones, alkyl sulphates, addition compounds of amines with sulphuric acid, sulphonic acid, sulphonic acids and their salts

V-1- Alkaline bisulphate addition compounds of aldehydes and ketones:
Heat the solid substance in a crucible; note the odor of the evolved aldehyde or ketone, the residue left in the crucible is tested for sulphite and sulphate. (add dil. HCl, SO2 gas is evolved known by its odor of burnt sulphur and turns acidified dichromate paper green).

[image: ]

V-2-Ionisable sulphate:
Dissolve the substance in water (or alcohol) and add barium nitrate soln. a white ppt. of barium sulphate, indicates ionisable sulphate, e.g. aniline sulphate (it must be taken into consideration that some salts of acids which are sol. In water may precipitate the barium salt of the acid).




V-3- Hydrolysable sulphur:
Boil the substance with NaOH soln. then acidify the soln. strongly with nitric acid (if a ppt. appears, filter and use the filtrate) and add barium nitrate soln., a white ppt. indicates hydrolysable sulphate.

[image: ]

V-4- Non- hydrolysable sulphur:
If the above tests are negative, the sulphur present is directly linked to the aromatic nucleus, most probably sulphonic acid group or fused the substance with solid sodium hydroxide. Sulphonic acid group is decomposed into sodium sulphite and sodium sulphate. Dissolve in water, acidify with dil. Acid, add barium nitrate solution, a white ppt. is produced.
[image: Description: C:\Users\ALBOSTAN\Documents\s.tif]
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VI- COMBINATION OF HALOGEN

This class includes: halogenated aldehydes and ketones, e.g. chloral hydrate, acid halides, halogenated hydrocarbons, acids or phenols.

VI-1- ionisable halogen:
Dissolve the substance in water (or alcohol), add AgNO3 soln., a ppt. indicates ionisable halogen e.g. amine salts, acid chlorides.
N.B.: acid chlorides especially aliphatic are very easily hydrolysable in contact with water, that they give ppts. When treated with AgNO3 and appear as if they contain ionisable halogen.
[image: Description: C:\Users\ALBOSTAN\Documents\agno3.tif]

VI-2- Hydrolysable halogen (aliphatic combination):
Hydrolyse by boiling the substance with 50% NaOH soln. for some time, cool, acidify with dil. Nitric acid (filter from any ppt. formed). And add AgNO3 soln. a ppt. indicates a hydrolysable halogen (halogen attached to an aliphatic linkage or to an aromatic side chain). e.g. chloralhydrate.
[image: Description: C:\Users\ALBOSTAN\Documents\halogen.tif]

VI-3-Non-hydrolysable halogen (aromatic combination):
IF the above tests are negative then the halogen is in aromatic linkage (directly linked to an aromatic nucleus).

[image: Description: C:\Users\ALBOSTAN\Documents\x.tif]
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	1-Test for ionisable halogen
2- Test for hydrolysable halogen
3-Test for nonhydrolysable halogen
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