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CHEMISTRY HONOURS 

[Choice Based Credit System] 

(Semester Programme) 

SEMESTER-II 

C3P: Inorganic Chemistry Lab 

 

 

 
Acid and Base Titrations: 

Estimation of carbonate and hydroxide present together in mixture. 

Acid-base reactions are of great practical importance in analysis, not only because of their use 

in titrating a large number of inorganic and organic substances, but also because the hydrogen 

ion concentration of a solution often is of great importance in controlling reactions. 

Titration: 

The process of determining the volume of a given solution of a reagent equivalent to the amount 

of another reactant present in a standard solution is known as titration. 

Equivalent Weight of Acids and Bases: 

The equivalent weight of an acid is that weight which yields one mole of hydrogen ions in the 

reaction employed whereas the equivalent weight of a base is that weight which reacts with 

one mole of hydrogen ions in the reaction. 

Normal solution: 

A solution containing one equivalent weight of solute per litre of solution. 

Equivalence Point: 

When the number of equivalents of acid (respectively base) added is equal to the number of 

equivalents of base (respectively acid) taken initially, we have reached the equivalence point. 

Acid-Base Indicators: 

Weak organic acids or bases having different colours for their dissociated or undissociated 

forms e.g., phenol red which is yellow in colour in its undissociated form in acidic solution and 

red in its dissociated form in basic solution constitute these indicators. 
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Name of indicator  Colour in acid 

solution  

Colour in basic solution  pH range 

Methyl Orange  Red Orange – yellow 3.1 – 4.6 

Bromophenol Blue  Yellow Blue – violet 3.0 – 4.6 

Methyl Red  Red Yellow 4.2 – 6.3 

Bromothymol Blue  Yellow Blue 6.0 – 7.6 

Thymol Blue  Yellow Blue 8.0 – 9.6 

Phenolphthalein  Colourless Red 8.0 – 9.8 

Thymolphthalein  Colourless Blue 9.4 – 10.6 

Experiment 1: Estimation of carbonate and hydroxide present together in mixture  

Theory: 

Carbonate ion reacts with hydrogen ions in steps: 

 

The pKa1 and pKa2 values of H2CO3 are quite distinct and so when a carbonate solution is 

titrated against hydrochloric acid, there occur two distinct regions of sharp pH change. The 

first corresponding to the formation of HCO (pH 8 to 10) and the second due to complete 

neutralization at pH 4-6. The first is roughly in the pH range in which colour of phenolphthalein 

changes from red to colourless and the second is that at which methyl orange changes from 

yellow to orange red. This end point, however, is not very sharp in the titration of the strong 

base NaOH. The sharp change of pH occurs over a range of pH that includes the regions of 

colour change of both the indicators, so both of them give the end point correctly. 

When we have both sodium carbonate and sodium hydroxide present together in a solution, a 

titration using phenolphthalein gives the titre (volume at the equivalence point) corresponding 

to sodium hydroxide plus half the carbonate and the titre obtained with methyl orange 

corresponds to the total alkali. The individual sodium carbonate and hydroxide concentrations 

may be calculated from the data. 

The HCl solution used may be standardized by titration with a standard solution of sodium 

tetraborate decahydrate (borax) or anhydrous sodium carbonate. The reaction involved in the 

case of borax is 
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Borax is preferable as a primary standard because of its higher equivalent weight. 

Procedure: 

Prepare 100 mL of a standard solution of Na2B4O7 .10H2O (approximately N/20) by weighing 

accurately about one gram of borax, dissolving it in distilled water and making up to 100 mL. 

Titrate 10 mL portion of this solution against the supplied hydrochloric acid till concordant 

titres are obtained, using 2 drops of methyl orange as indicator. Calculate the strength of the 

HCl solution. 

Pipette out 10 mL solution of a mixture of sodium carbonate and sodium hydroxide into a 

conical flask, add two drops of methyl orange indicator and titrate against HCl, till the colour 

changes from pale yellow to orange. Note the titre value (V1). Titrate 10 mL portions of the 

solution using phenolphthalein as indicator (1-2 drops). The color changes here at the end point 

is from red to colourless and is quite sharp. Let the titre be V2 of HCl. Therefore, 2(V1 - V2) 

corresponds to carbonate, and V1 – 2(V1– V 2) = 2V2– V1 corresponds to sodium hydroxide. 

Calculate the amount of NaOH and Na2CO3 present in a litre of the given solution in g/L. 

 

Experiment 2: Estimation of carbonate and bicarbonate present together in a mixture.  

This procedure involves two titrations. First, total alkalinity (= [HCO3
- )] + 2[CO3

2-]) is 

measured by titrating the mixture with standard HCl to a bromocresol green end point: 

 

A separate aliquot of unknown is treated with excess standard NaOH to convert HCO3
- to 

CO3
2-: 

 

Then all the carbonate is precipitated with BaCl2: 

Ba2+    +   CO3
2− → BaCO3 

The excess NaOH is immediately titrated with standard HCl to determine how much 

HCO3
- was present. From the total alkalinity and bicarbonate concentration, you can 

calculate the original carbonate concentration. 

Reagents 

Standard 0.1 M NaOH and standard 0.1 M HCl:  

CO2-free water: Boil 500 mL of distilled water to expel CO2 and pour the water into a 500-mL 
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plastic bottle. Screw the cap on tightly and allow the water to cool to room temperature. 

Keep tightly capped when not in use. 

10 wt% aqueous BaCl2: 35 mL/student. 

Bromocresol green and phenolphthalein indicators. 

Unknowns: Solid unknowns (2.5 g/student) can be prepared from reagent-grade sodium 

carbonate or potassium carbonate and bicarbonate. Unknowns should be stored in a desiccator 

and should not be heated. Heating at 50˚–100˚C converts NaHCO3 to Na2CO3. 

Procedure: 

1. Accurately weigh 2.0–2.5 g of unknown into a 250-mL volumetric flask by weighing the 

sample in a capped weighing bottle, delivering some to a funnel in the volumetric flask, and 

reweighing the bottle. Continue this process until the desired mass of reagent has been 

transferred to the funnel. Rinse the funnel repeatedly with small portions of CO2-free water to 

dissolve the sample. Remove the funnel, dilute to the mark, and mix well. 

2. Total alkalinity: Pipet a 25.00-mL aliquot of unknown solution into a 250-mL flask and 

titrate with standard 0.1 M HCl, using bromocresol green indicator standardizing HCl. Repeat 

this procedure with two more 25.00-mL aliquots. 

3. Bicarbonate content: Pipet 25.00 mL of unknown and 50.00 mL of standard 0.1 M NaOH 

into a 250-mL flask. Swirl and add 10 mL of 10 wt% BaCl2, using a graduated cylinder. Swirl 

again to precipitate BaCO3, add 2 drops of phenolphthalein indicator, and immediately titrate 

with standard 0.1 M HCl. Repeat this procedure with two more 25.00-mL samples of unknown. 

4. From the results of step 2, calculate the total alkalinity and its standard deviation. From the 

results of step 3, calculate the bicarbonate concentration and its standard deviation. Using the 

standard deviations as estimates of uncertainty, calculate the concentration (and uncertainty) 

of carbonate in the sample. Express the composition of the solid unknown in a form such as 

63.4 (±0.5) wt% K2CO3 and 36.6 (±0.2) wt% NaHCO3. 

 

Experiment 3: Estimation of free alkali present in different soaps/detergents.  

Theusual method of making this determination prescribes a separation of caustic from 

carbonated alkali by drying the soap, dissolving in absolute alcohol, and after filtering and 

washing the undissolved carbonate with alcohol and dissolving in water to titrate the solutions 
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containing caustic and carbonate, respectively, with standard acid. This method is open to 

several 

objections, aside from the amount of time consumed. If it is desired to obtain accurate results 

on the caustic and carbonate separately, the preliminary drying of the soap introduces an error 

since the caustic alkali will take up carbon dioxide from the air unless the drying is done out 

of contact with air. It is quite a troublesome process to filter an alcoholic soap solution if one 

is not provided with appliances to keep the funnel hot during filtration. Dudley and Pease’ use 

an alcoholic solution of stearic acid for titrating the caustic, but still filter from undissolved 

carbonate, and determine the latter in the usual manner. In the following process the writer has 

succeeded in eliminating filtration.  

For this method it is necessary to provide three standard solutions: 

1. Hydrochloric acid, N/10 (for standardizing 2). 

2 .Caustic soda, N/10, in alcohol. 

3. Stearic acid, N/10, in alcohol. 

2and 3 should be exactly equivalent one to the other, titrated warm with phenolphthalein 

indicator. Two grams soap (which needs no drying) is weighed into a round-bottomed flask, of 

about 300 cc. capacity, and 50cc. alcohol poured upon it. N/10 stearic acid is now run in from 

a burette in amount judged to be sufficient to neutralize the free alkali in 2 grams of the soap, 

some phenolphthalein added, and the flask then stoppered with a cork stopper, through which 

passes a glass tube about 30 inches long and of about inch internal diameter, the lower end 

ground to a point on a giindstone, and the purpose of which is to serve as areflux condenser. 

The flask and contents are placed on a steam-bath and heated thirty minutes, at the expiration 

of which time the solution should be quite clear and show no alkali with the phenolphthalein. 

If the solution turns red during the boiling, showing that an insufficient quantity of stearic acid 

has beexi added at first, add more of that solution until the color disappears, then several cubic 

centimeters in excess, and heat twenty minutes further. The flask is now removed from the bath 

and, after a few minutes’ cooling, titrated with N/10 caustic soda. The difference between the 

number of cubic centimeters stearic acid solution added and the number of cubic Centimeters 

caustic soda used to back titrate is equivalent to the total free alkali present. While the first 

flask is heating, weigh out in similar flask 2 grams of soap and add 50 cc. alcohol and place on 

the steanibath. When the first test is finished, calculate roughly the total alkali, assuming the 

total quantity to be carbonate. Now add to the second flask an amount of 10 per cent. barium 



 

7 

 

chloride solution sufficient to precipitate alkali found,’ heat a few minutes, add 

phenolphthalein, and titrate with N/10 stearic acid. Thebtitration must take place slowly and 

with thorough agitation ofbthe liquid for the reason that the sodium or potassium 

hydroxidebreacts with the barium chloride added and forms sodium chlorideband barium 

hydroxide. The latter is not very soluble in the alcoholic liquid and sufficient time and pains 

must be taken to ensure its complete neutralization by the stearic acid. A blank test should be 

made on 50 cc. of the alcohol, since this frequently contains carbon dioxide, and the number 

of tenths cc. N/10 caustic soda necessary to neutralize the free acid in this quantity of alcohol 

added to the reading of the stearic acid burette in the second test. This corrected reading gives 

the number of cubic centimeters N/10 stearic acid used to neutralize the caustic alkali in 2grams 

of soap. The difference between the total alkali found and the caustic will, of course, give the 

carbonate. 

For example: 2 grams of soap and 15 cc. N/10 stearic acid ; run in 3.2 cc. N/IO caustic soda to 

back titrate. Consequently, 15 − 3.2 =11.8 cc. N/10 stearic acid equivalent to total free alkali. 

To neutralize the caustic in the sample treated with barium chloride was required 4. 1 cc. N/10 

stearic acid. 50 cc. of the alcohol used required 0.2 cc. N/10 caustic soda, then 4.1 + 0.2 = 4.3 

cc. N/10 stearic acid to neutralize free caustic alkali. 

11.8 − 4.3 = 7.5 cc N/10 stearic acid to neutralize carbonated alkali. 

I cc. N/10 stearic acid = 0.004 gram caustic soda or 0.0053gram sodium carbonate. 

I cc. N/10 stearic acid = 0.0122 gram BaCl2.2H2O or 0.122 cc. 10 per cent. Barium cholride 

solution. 

The above figures calculated to percentage would be : 0.86 per cent. caustic soda and 1.99 per 

cent. sodium carbonate. It is to be noted that a rubber stopper cannot be used in the flasks for 

dissolving the soap on account of the sulphur in the rubber, which decolorizes an alcoholic 

solution of phenolphthalein. The niethod is applicable to all soaps which do not contain fillers 

which react with the standard solutions employed. 

 

Experiment 4: Estimation of Fe(II) using standardized KMnO4 solution. 

Theory:  
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The reaction between Mohr’s salt solution and potassium permanganate solution in acid 

medium is oxidation–reduction or redox reaction where potassium permanganate solution is 

the oxidizing agent and Mohr’s salt solution is the reducing agent. 

 

Reaction: 

 MnO4− + 8H+ + 5e = Mn+2 + 4H2O  

5Fe+2 = 5Fe+3 + 5e      

MnO4− + 5Fe+2 + 8H+ = 5Fe+3 + Mn+2 + 4H2O  

Procedure: 

A. Preparation of 100ml (N\10) standard oxalic acid solution.  

Equivalent weight of oxalic acid = 63  

1000ml of 1(N) oxalic acid solution contain 63gm oxalic acid.  

Hence 100 ml (N/10) oxalic acid contain 0.63 gm oxalic acid.  

About 0.63gm of oxalic acid is weighed from a weighing bottle by difference and is poured 

into 100ml volumetric flask, dissolved in small volume of water by shaking and the volume is 

made up to the mark with distilled water and thoroughly shaken.  

Therefore, Strength = x/0.63 (N\10) = S1 (N). 

B. Standardization of given permanganate solution against standard oxalic acid solution.  

The reaction between KMnO4 and oxalic acid is an example of redox reaction. Here acidified 

KMnO4 acts as an oxidizing reagent while oxalic acid is a reducing agent.  

Reaction: 

 2KMnO4 + 3H2SO4 = K2SO4+2MnSO4+3H2O+5[O]  

5COOH-COOH+5[O] = 10CO2+5H2O 

C. Titration of given KMnO4 solution with standard oxalic acid solution  

10 ml of standard oxalic solution are pipetted into a 250ml conical flask. Now 10 ml of (1:4) 

H2SO4 solution is added, the solution is warmed to 60 - 700 C and then titrated with the 

permanganate solution from the burette till first permanganate pink color is seen. And the 

process is repeated twice.  
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4. Estimation of Fe2+ in Mohr’s salt.  

5ml of Mohr’s salt solution is pipetted out into a 250ml conical flask. Now 2 ml of H2SO4and 

H3PO4 (1:4) and 20ml of distilled water is added to the solution. The solution is titrated with 

standard KMnO4 solution till the first permanent pink color is seen. 

RESULT: 
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CALCULATION:  

(A) Strength of KMnO4 solution:  

We know V1S1= V2S2 

or, S2 = V1S1/V2  



 

11 

 

= …………………….. (N)  

Here, V1=volume of oxalic acid  

S1= strength of oxalic acid  

V2= volume of KMnO4 

S2= strength of KMnO4 

(B) Strength of Fe2+ in Mohr’s salt solution:  

Volume of KMnO4 solution required for Mohr’s salt solution = a cc = ………………cc.  

Strength of KMnO4 solution = y (N) = ………………………… (N).  

a ml of y(N) KMnO4 solution ≡ 55.85 × a × y/1000gm of Fe2+ 

                                                ≡ z gm of Fe2+ = ……………………gm.  

1000ml of Mohr’s salt contain = z X 1000/5 gm of Fe2+ 

                                                 = ………………………… gm. = w gm of Fe2+ 

Amount of Fe2+ = w gm /lit = ……………………………………… gm./ lit 

DISCUSSION:  

Estimation of Fe+2 was done in the supplied Mohr’s salt solution by redox titration using 

KMnO4 as oxidizing agent. All the apparatus were well cleaned with distilled water prior to 

the experiment. If the apparatus are not cleaned properly, then sole determination of Fe+2 in the 

Mohr’s salt solution is not possible as water may contain trace amount of Fe+2 ions. The 

standardization of KMnO4 was done by heating oxalic acid solution at 60-700C, redox titration 

will take place to a certain extent and strength of KMnO4 will be of lower value. The mineral 

acid H2SO4 should be used in the reaction mixture as redox titration takes place under acidified 

condition. Mineral acid like HCl or HNO3 should not be used as HCl reacts with KMnO4 and 

HNO3 itself is an oxidizing agent. The use of (H2SO4:H3PO4) in the Mohr’s salt solution is to 

maintain the proper pH and H3PO4 reacts with Fe+3 to form FePO4 and complete oxidation of 

Fe+2 proceeds and the equilibrium shifts to the right (Fe+2 to Fe+3). As redox reaction is 

temperature dependent, estimation of Fe+2 is done at a fixed temperature i.e. room temperature.  

Conclusion:  

The amount of Fe2+ estimated in the supplied Mohr’s salt solution is 

………………………..gms. /lit at ……………….0C. 
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Experiment 5: Estimation of oxalic acid and sodium oxalate in a given mixture.  

 

Theory: 

 

Both oxalic acid and sodium oxalate can be titrated against N/20 KMnO4 since both of them 

are reducing agents. 

So normality (N/2) of the solution will be due to both of them. From the combined normality 

(N/2), the composition of each can be calculated. 

Indicator 

KMnO4 is a self-indicator. 

End Point 

Colourless to permanent pink (KMnO4 in burette). 

 

Procedure 

Rinse and fill the burette with the N/20 KMnO4, solution. 

Weigh exactly 1.0 g of the given mixture of oxalic acid and sodium oxalate and dissolve in 

water to prepare exactly 250 ml of solution using a 250 ml measuring flask. Rinse the pipette 

with the prepared oxalate solution and pipette out 20.0 ml of it in a washed titration flask. 

Add one test-tube (~ 20 ml) full of dilute sulphuric acid (~ 4 N) to the solution in titration flask. 
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Note the initial reading of the burette. 

Heat the solution of titration flask to 60-70°C and run down KMnO4 solution from the burette 

till a permanent light pink colour is just imparted to the solution in the titration flask. 

Note the final reading of the burette. 

Repeat the above steps 4−5 times to get three concordant readings. 

Observations 

Normality of KMnO4 solution = 1/20 

Volume of oxalate solution taken for each titration = 20.0 ml. 

Calculations 

x ml of N/20 KMnO4 solution are equivalent to 20 ml of the given oxalate solution. 

Applying normality equation, 
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Experiment 6: Estimation of Fe(II) and Fe(III) in a given mixture using K2Cr2O7 

solution.  

AIM:  

To estimate the amount of ferrous and ferric ions in a given mixture by making use potassium 

dichromate  

Chemicals: potassium dichromate, Stannous chloride, Mercurous chloride, phenyl amine  

Preparation of solutions:  

Standard potassium dichromate:  

Weigh out accurately weighted 0.245 gm potassium dichromate in to a 100 ml standard flask, 

dissolve in little amount of water and make up the solution with distilled water. Shake the flask 

well for uniform concentration. 

Stannous chloride solution:  

Dissolve 150 gms of SnCl2.2H2O in 100 ml concentrated HCl and dilute with water to 1 litre 

Mecuric chloride solution:  

Dissolve 60 gms of HgCl2 in hot water and dilute to 1 litre 

Acid mixture:  

Dissolve 150 ml of concentrated H2SO4 and 50 ml of H3PO4 in a reagent bottle and stopper it.  

Phenyl amine:  

Dissolve 1 gm of di Phenyl amine in 100ml of concentrated H2SO4 

Procedure:  

Standardisation of total iron:  

Make up the given mixture of Fe+2 and Fe+3 given in 100 ml standard flask up to the mark with 

distilled water and shake the flask well for uniform concentration. Pippette out 20 ml of the 

iron solution in to a conical flask, Add 100 ml concentrated HCl and heat the solution to boling 

till the colour of the solution changes yellow. Add stannous chloride drop by drop to the hot 

solution till the yellow colour disappears. Cool the solution under tap and add 100 ml mercuric 

chloride in one portion silky white ppt of mercurous is obtained. Add 5 ml of acid mixture and 

3- 4 drops of diphenylamine indicator .Titrate the solution against standard potassium 
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dichromate taken in a burette till the green colour changes to blue violet. Repeat the titration to 

get concurrent values. Let the titre value be x ml 

Standardisation of ferrous iron:  

Pippette out 20 ml of the total iron solution in to a 250 ml conical flask,add 5 ml of acid mixture 

and 2 drops of ofdi Phenyl amine indicator.Titre the resulting solution with potassium 

dichromate taken in a burette till blue colour is obtained. Note the burette readings and repeat 

the titration for concurrent values. Let the titre value be y ml 

CALCULATIONS:  

Normality of potassium dichromate N1= Weight of potassium dichromate ×10/49  

Normality of total iron = V1N1=V2N2 

V1= Volume of dichromate  

V2 = Volume of dichromate consumed for total iron  

N2 = Normality of total iron  

N1 = Normality of dichromate  

N2 = V1N1/ V2= titre value be x ml × N1/20  

Amount of total iron = N2 ×55.85 = p gms /100 ml  

                                           10  

Normality of ferrous iron Fe+2= V1N1=V3N3 

V1 = Volume of dichromate  

N1 = Normality of dichromate  

V3 = Volume of Fe+2 solution  

N3 = Normality of Fe+2 solution  

N3 =  V1N1  =  titre value be y ml ×N1/20  

           V 3  

Amount of Ferrous iron = N3 ×55.85= q gms /100ml  

                                               10 

RESULT:  

Amount of Ferrous iron =Amount of total iron-amount of Fe+2 = p ─ q gms 

                                                                                                        100 

Experiment 7: Estimation of Fe (III) and Cu(II) in a mixture using K2Cr2O7 . 
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Experiment 8: Estimation of Fe(III) and Cr(III) in a mixture using K2Cr2O7 
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C4P: Organic Chemistry Lab 
 

1. Nitration of aromatic compounds 

Preparation of m-Dinitrobenzene: 

 

Materials Required: 

Nitrobenzene — 10 ml 

Nitric acid — 20 ml 

Sulfuric acid — 20 ml 

Procedure: An acid mixture is prepared by mixing conc. HNO3 (20 ml) and conc. H2SO4 (20 

ml) in portions in a 500 ml round-bottomed flask with shaking and then the mixture is cooled. 

Nitrobenzene (10ml) is added in small portions (nearly 2 ml at a time) shaking the flask after 

each addition to ensure thorough mixing. The flask is then fitted with an air-condenser and 

heated on a boiling water-bath with frequent shaking until a drop of the liquid solidifies when 

added into a small quantity of cold water (the duration of heating is about half an hour). 

Separation of a hard, pale yellow cake of m-dinitrobenzene indicates the completion of 

reaction; on the other hand, separation of semi-solid mass requires further heating. The contents 

of the flask, while warm are poured into 300 ml of ice-water with stirring. The solid is filtered 

under suction, washed thoroughly with cold water, recrystallized from rectified or methylated 

spirit and dried. 

M.P .— 90 °C. 

2. Selective reduction  

Preparation of m-Nitroaniline from m-dinitrobenzene 
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Materials Required: 

m-Dinitrobenzene — 10 g 

Sodium sulphide— 16 g 

Sulfur — 4 g 

Procedure : Crystalline sodium sulfide (16 g) is dissolved in water (60 ml) taken in a 250 ml 

beaker, finely powdered sulphur (4 g) is added to it and the mixture is warmed until a clear 

solution is obtained. A mixture of m-dinitrobenzene (10 g) and water (400 ml) is heated in a 

1,000 ml beaker until water boils gently. Sodium disulfide solution prepared previously is 

added dropwise from a dropping funnel to suspension of m-dinitrobenzene in water, all the 

while vigorously stirring the mixture so that m-dinitrobenzene always remains in suspension 

and does not scale down at the bottom of the beaker. The addition must be completed within 

30—40 minutes. The mixture is then boiled gently for 20 minutes and then cooled in ice. Then 

solid separated is filtered under suction, washed with cold water, boiled in dil. hydrochloric 

acid (prepared by mixing 4 ml of conc. HCl and 60 ml of water) in a 250 ml beaker, filtered to 

remove sulfur and unreacted m-dinitrobenzene. The solution is heated with excess concentrated 

ammonia solution, filtered again, recrystallized from boiling water and dried. 

 

3. Acetylation of aromatic amines 

Preparation of acetanilides: 

 

 

Materials Required: 
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Aniline — 5 ml 

Glacial acetic acid — 15 ml  

Procedure: Reflux 5 mL of aniline with 15 mL of glacial acetic acid in a 100 mL dry round 

bottom flask for 1 hour. Cool the reaction mixture and pour it in thin stream into 150 g ice-

water mixture taken in a 250 mL beaker with continuous stirring. Filter the solid under suction, 

washed it with cold water, drain well, dry the solid on a steam bath and record the yield. 

Crystallize a portion of the crude product from hot water and record the melting point of the 

recrystallized product. Literature melting point of acetanilide is 112-114 oC. 

 

 

 

4. Condensation reactions 

Preparation of dibenzalacetone: 

 

Materials Required:  

Benzaldehyde - 5mL 

Acetone - 1.8 mL 

Sodium hydroxide - 5g 

Ethanol - 40mL 

Procedure: Prepare a solution of 5 g sodium hydroxide in 50 mL of water in a 250 mL conical 

flask.  Add 40 mL of absolute alcohol to this solution. Cool the conical flask in cold  water so 

as to maintain the temperature between 20-25 °C. Mix 1.8 mL of acetone and 5 mL of 

benzaldehyde in a test tube. Then add about one half of the mixture prepared in the test tube to 

the ethanolic alkali solution kept in the 250 mL conical flask and stir vigorously for 10 minutes. 

Then add the remaining portion of the mixture prepared in the test tube into 250 mL conical 

flask and continue shaking for an additional 30 minutes. Filter the solid under the suction, wash 

it with cold water, drain well, dry the solid in air and record the yield. Crystallize a portion of 

the crude product from rectified spirit and record the melting point oi the recrystallized product. 
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Literature melting point of dibenzalacetone is 112 °C. 

 

 

 

 

5. Hydrolysis of amides/imides/esters 

Hydrolysis of benzamide 

 

Materials Required:  

Benzamide - 5 g 

Sodium hydroxide - 50 mL 

Concentrated hydrochloric acid 

Procedure: Reflux 5 g of benzamide with 50 mL of 20% sodium hydroxide solution in a 250 

mL round-bottomed flask for 45 minutes. Cool the reaction mixture and acidify it with 

concentrated hydrochloric acid. Filter the solid under suction, wash it with cold water, drain 

well, dry the solid on a steam bath and record the yield. Crystallize a portion of the crude 

product from hot water and record the melting point of the recrystallized product. 

Literature melting point of benzoic acid is 122 0C. 
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6. Benzoylation of phenols/aromatic 

amines 

Benzoylation of aniline 

 

Materials required:  

Aniline – 2 mL 

Benzoyl chloride- 3 mL 

Procedure: 

Add 3.0 mL of benzoyl chloride to 2 mL of aniline in a dry 100 mL beaker and stir with a glass 

rod until a thick paste is formed. Keep the reaction mixture at room temperature for 15 minutes 

and add 10 g of crushed ice to it. Stir well with a glass rod until the ice melts. Filter the solid 

under suction, wash it with cold water, drain well, dry the solid on a steam bath and record the 

yield. 

Crystallize a portion of the crude product from rectified spirit and  record  the  melting  point  

of the recrystallizes product. Literature melting point of benzanilide is 162-164 °C. 

 

7. Side chain oxidation of aromatic 

compounds 

Oxidation of Benzyl chloride to Benzoic Acid 
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Materials Required:  

Benzyl chlorilde — 4.5 ml 

Potassium permanganate — 9.0 g 

Sodium carbonate — 4.0 g 

Conc. hydrochloric acid — 40 ml 

Procedure: Sodium carbonate (4 g), water (200 Ml), potassium permanganate (9 g), benzoyl 

chloride (4.5 ml) and a few chips of porous porcelain are taken in 500 ml round bottomed Rask 

equipped with a reflux condenser. The mixture is boiled gently until the liquid running down 

from the condenser contains no oily drops of unchanged benzyl chloride (approximately one 

and a half hour) when manganese dioxide precipitated. The mixture is allowed to cool, acidified 

with concentrated hydrochloric acid (40ml) and then a 20% aqueous solution of sodium sulfite 

heptahydrate is added with shaking until the manganese dioxide is washed with cold water and 

only benzoic acid is left as white solid. The mixture is fitted under suction, washed with cold 

water, recrystallized from 200ml of boiling water and dried. 

Literature melting point of benzoic acid is 122 °C. 

 

8. Diazo coupling reactions of aromatic amines 

Diazotization of aniline: 

 

 

Materials Required: 

Aniline -10 mL  

Sodium nitrite - 3 g 

2-naphthol - 6.4 g  

Conc. HCI 
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NaOH 

Procedure: Dissolve 3 g of sodium nitrite in 15 mL of water. Dissolve 4 mL of freshly distilled 

aniline in 25 mL of (1:1) HC1. Cool the aniline solution to 0°C-5°C. Add the aqueous solution 

of sodium nitrite drop wise to the solution of aniline at  a  rate such that the temperature oi the 

reaction mixture  is  kept  below 5 °C. After completion of addition, keep the solution for 5 

minutes with occasional stirring at 0 – 5 °C. Pour the solution with stirring into a cold solution 

of 6.4 g of 2-naphthol in 40 mL of 10% NaOH solution. Allow the reaction mixture to stand in 

an ice bath for 30-35 minutes. Filter the separated l-phenylazo-2-naphthol under suction. Wash 

with water and dry on a water bath. 

Crystallize a portion of the crude product from rectified spirit and record the melting point of 

the recrystallized product. 

Literature melting point of 1-phenylazo-2-naphthol is 130-132°C 

 

 

 

 

9. Bromination of anilides using green approach 

(Bromate-Bromide method) 

 

Bromination of acetanilide/ benzanilide 

 

Materials Required: 

Acetanilide / Benzanilide - 2 g /2.8 g 

Potassium bromide - 3.5 g 

Potassium bromate - 1.0 g 
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Hydrochloric acid 

Glacial acetic acid - 20 mL 

Rectified spirit 

Procedure: 

Dissolve 2 g of acetanilide (or 2.8 g of benzanilide) in 20 mL of glacial acetic acid in a 100 mL 

beaker by slight warming. Dissolve 1.0 g of potassium bromate and 3.5 g of potassium bromide 

in 20 mL of water in a separate 100 mL conical flask by slight warming. Slowly add the 

aqueous solution of potassium bromide and potassium bromate to the solution of acetanilide or 

benzanilide with continuous stirring. Then add 8 mL of (1:1) HCI with stirring to this solution 

and allow the 100 mL beaker to stand for 20 minutes at room temperature with occasional 

stirring with a glass rod. Pour the contents of the beaker into 100 mL of cold water with stirring. 

Filter the solid under suction, wash it with cold water or until the bitrate becomes colorless, 

drain well, dry the solid on a steam bath and record the yield. Literature melting points of p-

bromoacetanilide and p-bromobentzanilde are 167 °C and 204 °C respectively. 

 

 

10. Redox reaction using solid-phase method 

 

Preparation of 1,1-bis-2-naphthol 

 

 

Materials Required: 

2-Naphthol - 2.88 g 

Ferric chloride - 0.7 g 

Conc. hydrochloric acid 

Procedure: Grind thoroughly a mixture of  2-naphthol  (2.88 g), ferric  chloride  (0.7 g)  and 

2 drops of water in a porcelain mortar with a pestle for about 20 minutes. Allow the mixture to 
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stand for about 2 hrs. with a little grinding from time to time. Transfer the mixture with water 

(40 mL) into a 100 mL beaker and boil for 15-20 minutes. Cool the mixture and Filter the solid 

under suction, wash with boiling water (10 mL), Dry on a steam bath and record the yield. 

Crystallize a portion of the crude product from toluene and record the melting point of the 

recrystallized product. Literature melting point of 1,1-bis-2-naphthol is 214-217 °C 

 

11. Green ‘multi-component-coupling’ reaction 

 

Synthesis of 5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydro-2-pyrimidone 

(Biginelli Reaction) 

 

Materials Required: 

Ethyl acetoacetate - 1.3g 

Benzaldehyde - 1.1 g 

Urea - 0.7g 

A few drops of HCl or FeCl3 

Procedure: Heat a mixture of freshly distilled benzaldehyde (1.1 g), ethyl acetoacetate (1.3 g) 

urea (0.7 g) and 2 / 3 drops of HCl on a water bath at 90° C for one hour in a 50 mL round-

bottomed flask. With progress of the reaction, a solid begins to deposit and after one hour the 

flask becomes filled with the yellow solid. Wash the yellow solid with  cold  water  (l  mL),  

Dry  the  solid  on  a  steam bath and record the  yield.  Crystallize a portion of the crude product 

from rectified spirit and record the melting point of the recrystallized product. Literature 

melting point of 5-ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydro-2-pyrimidone is 201-202 

°C. 
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GE2: Lab 

 

Experiment 1: Determination of the surface tension of a liquid or a dilute 

solution using a Stalagmometer. 

Theory: 

 At a particular temperature surface tension of a liquid can be defined as the force 

acting tangentially to the surface and perpendicularly to any line of unit length drawn on it. The 

unit of surface tension is dyne cm-1 (CGS) or N m-1 (SI).Surface tension originates due to 

unbalanced force of attraction acting on the interface between two phases in contact and hence 

can truly be termed as interfacial tension. 

The magnitude of surface tension of a liquid decreases with increase in temperature because of 

decrease in intermolecular attractive forces among the molecules with rise in temperature. 

By drop counting method, the measurement of surface tension is carried out using a 

Stalagmometer where the liquid is allowed to form a complete drop slowly from the flat end 

of a capillary tube of exactly circular opening under the action of gravity. Just before 

detachment the drop becomes cylindrical having radius equal to the outer radius ® of the 

capillary end. The radius of curvature of the drop head is also equal to the radius of the liquid 

cylinder. Under this condition, just at the point of detachment of the drop, upward force due to 

surface tension (λ) is balanced by the downward force due to weight of the drop (mg) and the 

force due to excess pressure. 

Generalized expression for excess pressure is given as,   

 Pexcess= 𝛾 (
1

𝑟1
 + 

1

𝑟2
 ) , for curved liquid surface (like cylindrical 

surface) having one liquid-air interface with two different radii of curvatures r1 and r2. 

For the cylindrical surface, r1 = ∝ and r2 = r , Pexcess =𝛾/r 

Therefore total downward force = mg + πr2. 𝛾 /r =mg +π r 𝛾 

So, at the moment of detachment, 2 π r 𝛾 = mg + π r 𝛾  or, π r 𝛾 =mg 

Or, π r 𝛾 = mg  

Since the volume of the drop that actually separates from the flat end of a capillary tube is 

smaller than the volume of the pendant drop at the moment of detachment, Harkins and Brown 

modified this expression by introducing a correction factor ∅ [a function of (v/r3), where v is 

the volume of a drop] as follows;  

      mg = πr𝛾∅ 
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If two liquids forming drops of very similar volume are used in the same instrument (∅1 = ∅2) 

then from equation (i), we get  

𝛾1

𝛾2
 = 

𝑚1

𝑚2
 = 

𝑣1𝑑1

𝑣2𝑑2
 = 

(
𝑉

𝑛1
)𝑑1

(
𝑉

𝑛2
)𝑑2

 = 
𝑛2𝑑1

𝑛1𝑑1
                     ……………. (ii 

Here, d1 and d2 are the densities of the liquids, v1 and v2 are the drop volumes, V is the same 

volume of two liquids, which generates n1 and n2 number of drops. Thus by counting the 

number of drops of each liquid for a fixed volume of both and determining the ratio of densities, 

one can compare the surface tension of two liquids. If liquid 2 be water then the equation (ii) 

becomes 

𝛾1

𝛾2
 = 

𝑛𝑤𝑑1

𝑛1𝑑𝑤
 = 

𝑛𝑤

𝑛1
𝑠1 , where w stands for water and s1 stands for the specific gravity of 

the liquid 1. 

Apparatus required: 

1) 100ml beaker -2 

2) Sp. Gravity bottle (10ml) -1 

3) Stalagmometer (fitted with rubber tube), (No. of drops should be 10-15 

drops per minute use pinchcock if necessary). 

Chemicals required: 

 Acetic acid/  ethanol. 

Procedure: 

1) Clean the Stalagmometer with chromic acid and wash thoroughly with 

distilled water. Make sure that the Stalagmometer is clamped vertically 

[view from front and at right angle to make it vertical] in a stand. Suck in 

water and allow water to flow from one fixed mark to another and count the 

number of drops. 

2) Remove water completely from the Stalagmometer, rinse it with a small 

amount of experimental liquid and count the number of drops for the same 

volume of solution as before. For each of the liquids (water, experimental 

liquid) count the number of drops at least twice. 

3) Use a clean dry 10ml specific gravity bottle to determine the specific gravity 

of the given experimental liquid at room temperature. Record the 

experimental temperature. 

4) Calculate λ1/ λw. 

Experimental result: 

1) Room temperature: 
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2) Determination of specific gravity of experimental liquid: 

Weight of empty sp. 

Gravity bottle (w1g) 

Weight of sp. 

Gravity bottle+ 

water (w2g) 

Weight of sp. 

Gravity bottle + 

expt. Solution (w3g) 

Sp. Gravity of the 

experimental 

solution S1=(w3-

w1)/(w2-w1) 

    

3) Determination of relative surface tension of experimental liquid : 

Liquid No. of drops Mean no. of drops 

Water i) 

ii) 

iii) 

 

nw= 

Experimental Liquid i) 

ii) 

iii) 

 

𝑛1= 

 

Calculation: λ1/ λw = nw/n1.s1=……………….. 

Therefore relative surface tension of experimental liquid w.r.t water = …at …. 00C. 

Precautions and suggestions 

1) The Stalagmometer should be cleaned and dried before use. 

2) While sucking the liquid into the Stalagmometer, no air bubble should 

be formed. 

3) Stalagmometer should be held in a vertical position throughout the drop 

counting process. 

4) Drop formation should be adjusted at a slower rate and should not 

exceed fifteen drops per minute. 

 

 

 

 

 

 

Experiment2: Study of the variation of surface tension of a detergent 

solution with concentration. 

Theory: 
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 A detergent is a surfactant or a mixture of surfactant or a mixture of surfactants with 

cleaning properties in dilute solutions. Surfactants are water-soluble amphiphilic molecules 

that consist of a non-polar hydrophobic part (tail) and a polar hydrophilic part (head group). 

The hydrophilic head group can be nonionic, anionic, cationic, or zwitterionic. The balance 

between hydrophobic and hydrophilic parts gives special properties to surfactants, e.g. high 

affinity to absorb at interfaces and association in solution to form micelles.  

The concentration at which surfactants in solution start to form micelles is called critical 

micelle concentration (C.M.C.). Each surfactant has a characteristic C.M.C. at a given 

temperature and salt concentration. The C.M.C. of a surfactant can be obtained by different 

techniques, based on the measurement of a physical property that shows an abrupt change at 

C.M.C. Some of the techniques in determining C.M.C. include surface tension, conductivity, 

spectrophotometry etc. 

Due to the adsorption of surfactant molecules at the air/ water interface the surface tension of 

an aqueous solution of surfactant decreases with increasing surfactant concentration upto 

C.M.C. when the surfactant starts to form micelles in solution (at C.M.C.) the surface tension 

remains virtually constant. Therefore, the C.M.C. can be determined from surface tension 

measurements at different surfactant concentrations. The break in graphs of surface tension 

versus logarithm of surfactant concentration gives the C.M.C. Du Nouy ring method is used to 

measure the surface tension of air/water interface of an aqueous surfactant solution. 

Apparatus Required: 

1) Surface tensiometer. 

2) Variable volume micropipette (50 µl - 1000µl) -1 

3) 50 ml volumetric flask -2 

4) 10 ml pipette -1 

Chemicals required: SDS(sodium Dodecyl Sulphate)  

Procedure:  

1) Clean properly the vessel with chromic acid wash thoroughly with deionized water. 

Wash the Du Nouy ring with PET ether and burn the ring only in oxidizing flame 

of a Bunsen burner to remove any impurity. Do not overheat; otherwise the ring 

may be deformed. 

2) Add 30 ml of deionized water using a pipette to the vessel and place it on the stage 

of the tensiometer.. Hang the clean ring from the balance hook over the vessel. 

3) For manual tensiometer after calibration, set the instrument at 0 mN/m when the 

ring is hung in the air. Lift the vessel stage with the screw and immerse the ring in 

the water. Turn the scale knob and lower the sample table at the same time keeping 

the index zero. Write down the scale reading as the value of surface tension just at 

the breaking point of the water film. 
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4) Prepare 50ml 120 mM solutions of SDS(MWSDS =288.37 g/mol). Repeat the 

process of surface tension measurement after adding different volumes of the SDS 

solutions to the water in the vessel according to the following table: 

Volume of SDS solution added to the 

vessel 

Total volume in the vessel (ml) 

0 30 

100 µL of 120 mM SDS 30.1 

Plus 50 µL of 120 mM SDS 30.15 

Plus 100 µL of 120mM SDS 30.25 

Plus 150 µL of 120 mM SDS 30.40 

Plus 100 µL of 120mM SDS 30.50 

Plus 150 µL of 120 mM SDS 30.65 

Plus 150 µL of 120mM SDS 30.80 

Plus 200 µL of 120mM SDS 31.00 

Plus 300 µL of 120mM SDS 31.30 

Plus 350 µL of 120mM SDS 31.65 

Plus 500 µL of 120mM SDS 32.15 

Plus 500 µL of 120 mM SDS 32.65 

Plus 1ml of 120 mM SDS 33.65 

Plus 1ml of 120mM SDS 34.65 

Plus 2ml of 120 mM SDS 36.65 

Plus 4ml of 120mM SDS 40.65 

 

5) Plot the experimental data of surface tension versus logarithm of surfactant 

concentration. Determine the C.M.C. of SDS from the graph. 

Experimental result: 

1) Room temperature: 

2) Determination of surface tension: 

 

SDS concentration in 

the vessel (mM) 

Log (SDS conc.) Surface tension 

(mN/m) 
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SDS concentration = 
Volume of prepared SDS solution(ml)×its strength (mM)

Total volume of solution in the vessel (ml)
 

Conclusion: From the break in the curve on plotting the experimental data of surface 

tension versus logarithm of surfactant concentration, C.M.C. of surfactant is found to be 

…..mM at ….0C. 

 

 

 

 

 

 

 

 

 

 Experiment 3: Determination of the relative and absolute viscosity of a 

liquid  or dilute solution using an Ostwald’s viscometer. 

Theory:  

              Viscosity is the property of a fluid by virtue of which it opposes the relative 

motion of adjacent layers of the fluid. In case of streamline flow the force (F) that 

opposes the relative motion of any two adjacent layers of a fluid is proportional to the 

area (A) of the interface between them and to the velocity gradient (dv/dr) between 

them. Them is Newton’s law of viscous flow. 
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Therefore, F= -ƞA 
𝒅𝒗

𝒅𝒓
 , -ve sign indicates viscous force acts in the direction opposite to 

that of flow.  

The proportionally constant ƞ is called the co- efficient of viscosity and it is defined as 

the force per unit area required to maintain unit difference of velocity between two 

parallel layers unit distance apart. 

C.G.S. unit of ƞ is dyne sec cm-2 or poise. 

Viscosity and hence viscosity co-efficient of a liquid decreases with increase in 

temperature as a result of decrease in intermolecular attractive forces. 

Viscosity co-efficient (ƞ) of a liquid undergoing streamline flow can be determined 

experimentally by using an Ostwald viscometer utilizing the Poiseuille’s equation, 

Ƞ= 
𝝅𝑷𝒓𝟒𝒕

𝟖𝒗𝒍
 , where ‘r’ is the radius of capillary of length ‘l’ of the viscometer and ‘V’ is 

the definite volume of liquid flowing through the capillary in time ‘t’ under average 

pressure difference ‘P’ . 

If viscosity is measured for two liquid 1 and 2 by using the same viscometer (where ‘r’, ‘l’ 

and ‘V’ are same) then we have 
ƞ1

ƞ2
 = 

𝑃1𝑡1

𝑃2𝑡2
  

The average pressure ‘P’, driving the liquid through the capillary, at any instant is equal to 

hdg, where h is the average difference in height between the levels of the liquid in the two 

limbs, d is the density and g is the acceleration due to gravity. So we have, 
ƞ1

ƞ2
 = 

𝑑1𝑡1

𝑑2𝑡2
 

If water is the reference liquid(liquid2) and liquid 1 is the experimental liquid (L) then 

relative viscosity coefficient of liquid L can be represented as 
ƞ𝐿

ƞ𝑤
 = 

𝑑𝐿𝑡𝐿

𝑑𝑤𝑡𝑤
 = 𝑆𝐿 

𝑡𝐿

𝑡𝑤
 , where SL is 

the specific gravity of liquid L. 

Apparatus Required: 

1) 100ml beaker -2 

2) 10ml Sp. Gravity bottle -1 

3) Viscometer (Time of flow of 10ml of water should be at least 80 sec) 

4) 10ml pipette -1 

5) Stop watch. 

Chemicals required:  

    Sucrose/ Glycerol 

Procedure: 
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1) Prepare sucrose/glycerol solution of particular concentration (w/v%) by 

accurate weighing. 

2) Clean the viscometer with chromic acid and wash thoroughly with deionized 

water. Remove the water completely. Add 10ml water in the wider limb 

using a 10ml pipette and clamp it vertically Suck up the water in the other 

limb and allow it to run between two specified marks. Note the time of flow. 

Remove the water completely. Rinse the viscometer with experimental 

liquid and discard the rinsing. Add 10ml of experimental liquid with a 

pipette: repeat the procedure and note the time of flow. Note the time of flow 

for each of the liquids at least twice. 

3) Use a clean dry 10ml specific gravity bottle to determine the specific gravity 

of the experimental liquid at room temperature. Record the temperature. 

4) Calculate ƞ/ƞw. 

Experimental result:  

1) Room temperature: 

2) Determination of specific gravity of experimental liquid : 

Weight of empty sp. 

Gravity bottle (w1g) 

Weight of sp. 

Gravity bottle+ 

water (w2g)  

Weight of sp. 

Gravity bottle +expt. 

Solution (w3g) 

Sp. Gravity of the 

experimental 

solution SL = (w3-

w1)/(w2-w1) 

    

  

3) Determination of viscosity coefficient of experimental liquid:  

 

 

Liquid Time of flow in sec. Mean time of flow in sec. 

Water i) 

ii) 

iii) 

tw= 

Experimental Liquid i) 

ii) 

iii) 

tL= 

 

Calculation:                  

                                          
ƞ𝐿

ƞ𝑤
 = 

𝑑𝐿𝑡𝐿

𝑑𝑤𝑡𝑤
 = 𝑆𝐿 

𝑡𝐿

𝑡𝑤
 

Relative Viscosity coefficient of experimental liquid w.r.t. water ………… at………. oC  
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From the literature value of ƞ𝑤 at experimental temperature, absolute value of Viscosity 

coefficient liquid can be determined; 

                                                ȠL = ƞw 𝑆𝐿 
𝑡𝐿

𝑡𝑤
 = …………. 

Precautions and Suggestions: 

1) The viscometer should be cleaned before use. 

2) While sucking the liquid into the viscometer no air bubble should be 

formed, If 10ml solution is not sufficient, add 15ml by pipette. 

3) Viscometer should be held in a vertical position. 

4) Always add fixed volume of liquid by using pipette. 

 

 

 

 

 

 

 

 

 

Experiment4: Study of the variation of viscosity of an aqueous solution 

with concentration of solute. 

Theory: 

 From the literature value of viscosity coefficient of water (ƞw) at the 

experimental temperature and the measured specific gravity of solutions of different 

concentrations we can determine the value of absolute viscosity coefficients of 

experimental solution of different concentrations. Thus we can study the variation of 

viscosity coefficient with concentration by plotting a graph of viscosity coefficient vs. 

concentration. We can also determine concentration of a solution of unknown 

concentration from the calibration curve. 

Apparatus Required: 

1) 100ml beaker -2 

2) 250ml volumetric flask -1 
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3) 50ml volumetric flask -4 

4) 10ml sp. Gravity bottle -1 

5) Viscometer (Time of flow of 10ml of water should be at least 80 

secs) 

6) 10ml pipette -1 

7) Stop watch. 

Chemical required: 

               Sucrose/ Glycerol     

Procedure:  

1) Prepare a stock solution of 15% (v/v) Glycerol in a 250ml 

volumetric flask. Then prepare 12%, 9%, 6%, 3% Glycerol 

solution each of 50ml from the stock solution by exact dilution. 

2) Clean the viscometer with chromic acid and wash thoroughly with 

deionized water. Remove the water completely. Add 10 ml water 

in the wider limb using a 10ml pipette. Suck up the water in the 

other limb and allow it to run between two specified marks. Note 

the time of flow. Remove the water completely. Rinse the 

viscometer with experimental liquid ( start with lowest 

concentration of experimental solution and then with increasing 

concentrations] and discard the rinsing. Add 10ml of 

experimental liquid with pipette , repeat the procedure and note 

the time of flow. Note the time of flow for each of the liquid (water, 

experimental liquids) at least twice. 

3) Use a clean dry 10ml specific gravity bottle to determine the 

specific gravity of the experimental liquids at room temperature. 

Record the temperature.  

Experimental Result : 

1) Room temperature: 

2) Preparation of Glycerol solution of different concentration from 

the stock (15%) solution. 

Concentration of the 

prepared solution (%) 

Volume of 15% Glycerol 

solution(ml) 

Volume of water(ml) 

3 10 40 

6 20 30 

9 30 20 

12 40 10 

3) Determination of specific gravity of experimental liquid: 
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Weight of empty 

sp. Gravity bottle 

(w1g) 

Weight of sp. 

Gravity bottle+ 

water (w2g) 

Weight of sp. 

Gravity bottle+ 

expt. Solution(wxg) 

Sp. Gravity of the 

experimental 

solution Sx=(wx-

w1)/(w2-w1) 

  w3= S3= 

W6 = S6= 

W9= S9= 

W12= S12= 

W15 S15= 

 

4) Determination of viscosity coefficient of experimental liquids: 

 

 

Sl. No 

Time of flow for fixed volume of liquid (sec.) 

Water Glycerol solution 

3% 6% 9% 12% 15% 

(i) 

(ii) 

      

Average time 

of flow 

tw = 𝐭𝟑 = 𝐭𝟔 = 𝐭𝟗= 𝐭𝟏𝟐 = 𝐭𝟏𝟓= 

 

Calculation : 

From the literature value of (ƞw) at experimental temperature, absolute value of 

viscosity coefficient of experimental liquids can be determined , 

 Ƞx = ƞw Sx . tL/tw  = [X= 3,6,9,12,15] 

Graph Plotting 

Coefficient of viscosity 

(poise) 

     

Concentration of Glycerol 

solution 

3% 6% 9% 12% 15% 

 

Plotting a graph of viscosity coefficient vs. concentration gives a calibration curve from 

which unknown concentration of glycerol solution can be obtained. 
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Experiment 5: Initial rate method: Iodide-persulphate reaction 

Theory: 
        Rate constant of a number of reaction involving ions in aqueous solution are highly 

influenced by the presence of inert electrolyte. This effect of ionic strength on the reaction 

rate is called primary kinetic salt effect. 

Let us consider A and B ions react to form a product (P) through the formation of an 

activated complex (X≠), 

 A+B ⇌ X≠ → P 

 Rate = k’C𝑥≠                                       ………… (i) 

Equilibrium constant (K≠) for activated complex, 

     K≠= 
aX≠

aAaB
 = 

𝐶𝑋≠

𝐶𝐴𝐶𝐵
 .  

𝑓𝑋≠

𝑓𝐴𝑓𝐵
   ,  where the terms have their usual significance. 

Or, 𝐶𝑋≠= K≠ 𝐶𝐴𝐶𝐵 
𝑓𝐴𝑓𝐵

𝑓𝑋≠
 

Substituting the value of  𝐶𝑋≠ in equation (i) 
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Rate = k’ K≠ 𝐶𝐴𝐶𝐵 
𝑓𝐴𝑓𝐵

𝑓𝑋≠
 = k0 

𝑓𝐴𝑓𝐵

𝑓𝑋≠
 𝐶𝐴𝐶𝐵  ………….. (ii), where k0=k’ K≠,                                                                   

the  rate constant in absence of inert electrolyte. 

Again the rate equation for this reaction (which is first order with respect to A and B each) 

can be represented as 

Rate = k𝐶𝐴𝐶𝐵                       ……………… (iii), where k is the experimentally found rate 

constant , comparing equation equation (ii) and (iii) we have  

K= k0 
𝑓𝐴𝑓𝐵

𝑓𝑋≠
   or, logk = logk0+ logfA+ logfB- log𝑓𝑋≠………..(iv) 

 

In the limit of sufficiently low ionic strength the activity coefficient of ‘i’-th ion is related to 

the , ionic strength (I) of the solution as, 

logfi = -A𝑍𝑖
2 √I = -0.509 𝑍𝑖

2 √I ,for aqueous solution at 250C. 

Therefore, equation (iv) can be written as 

logk = logk0 – 0.509 𝑍𝐴
2 √I -0.509 𝑍𝐵

2 √𝐼 + 0.509 (ZA+ ZB)2 √𝐼 

        = logk0 + 1.018 ZAZB √𝐼 

The plot of logk vs √𝐼 gives a straight line having slope equals to 1.018 ZAZB with an 

intercept logk0. 

Equation (v) represents the effect of ionic strength on the reaction rate. 

Three special cases may occur: 

1) If ZA and ZB have the same sign, then ZAZB is positive and the rate constant 

increases with ionic strength. 

2) If ZA and ZB have different signs, ZAZB is negative and the rate constant 

decreases with ionic strength. 

3) If one of the reactants is uncharged, ZAZB is zero and the rate constant is 

independent of the ionic strength. 

This change in k with ionic strength (I) is called primary kinetic salt effect. Ionic strength (I) 

of a solution is defined by 

 I= 
1

2
 Σ CiZi

2 , where ‘Ci’ is the concentration of the ‘i’ th ion in molality or 

molarity. 

Effect of ionic strength on the rate and hence rate constant can be studied for the following 

reaction  
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 2I- + S2O8
2- → I2 + 2SO4

2-  

Experimentally this reaction is found to be first order with respect to I- and S2O8
2- both. Rate 

of this reaction can be measured by following the rate of appearance of iodine. Here the iodine 

produced is made to react instantaneously with a fixed volume of  thio-sulphate solution added 

to the reaction mixture until all the thio-sulphate is consumed (whereupon free iodine reacts 

with starch present in the solution to make it blue). 

                       2S2O3
2- + I2→ 2I- + S4O6

2- 

By measuring the time taken for the known amount of thiosulphate to be consumed, the rate of 

production of iodine during that time can be calculated. 

In this reaction, the iodine formed by the slow oxidation of persulphate is quickly reduced back 

to iodide by S2O3
2- keeping the iodide concentration constant until the blue starch-iodine color 

appears. During this period apparent rate constant kapp is given by  

 Kapp= kCI
- = 

𝑅𝑎𝑡𝑒

𝐶
𝑆2𝑂8

2−
 = 

𝐶𝐼2

∆𝑡×𝐶
𝑆2𝑂8

2−
 

= 
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 S2O3

2−−added (ml)×𝑐𝑜𝑛𝑐.𝑜𝑓 S2O3
2− (N)×𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)×1000 

1000×𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝑙)×∆𝑡×𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆2𝑂8
2− 𝑎𝑑𝑑𝑒𝑑 (𝑚𝑙)×𝑐𝑜𝑛𝑐.𝑜𝑓 𝑆2𝑂8

2− (𝑁)
 

=
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆2𝑂3

2−𝑎𝑑𝑑𝑒𝑑 (𝑚𝑙)×𝑐𝑜𝑛𝑐.𝑜𝑓 𝑆2𝑂3
2−(𝑁)

∆𝑡×𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑆2𝑂8
2−𝑎𝑑𝑑𝑒𝑑 (𝑚𝑙)×𝑐𝑜𝑛𝑐.𝑜𝑓 𝑆2𝑂8

2−(𝑁)
 

From the experimental data apparent rate constant (kapp) and true rate constant (k) can be 

determined from the knowledge of CI
-. 

The effect of ionic strength on rate constant for this reaction can be studied by adding 

different concentration of inert electrolyte (say, KNO3) to the reaction mixture. 

Apparatus required: 

1) 250ml volumetric flask -5 

2) 250ml conical flask -6 

3) Pipette- 10ml & 25ml (1 each) 

4) Burette 50ml -1 

5) 500ml Glass bottle -2 

6) Stop watch 

Chemicals required: KI, Na2S2O3, K2S2O8, K2Cr2O7, Glacial acetic acid, 4(N) HCl, 

Starch. 

Procedure: 

1) Prepare 250ml ~ (N/10) Na2S2O3 solution in a 500ml glass bottle. 
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2) Prepare 100ml ~ (N/10) K2S2O8 solution in a 250ml glass bottle. 

3) Prepare 250ml exact (N/10) KI solution by accurate weighing. 

4) Prepare 250ml exact (N) KNO3 solution by accurate weighing. 

5) Prepare 100ml (N/10) K2Cr2O7 solution by accurate weighing. 

6) Standardize the ~ (N/10) sodium thiosulphate solution idometrically using 

starch solution as indicator. Take 10ml of standard (N/10) K2Cr2O7 solution 

in a 500ml conical flask. Add about 15ml (one test tube) of  ~ 10% KI 

solution and 20ml of 4(N) HCl solution. Cover the conical flask with watch 

glass and keep in dark for about 5 minutes. Add ~ 150ml of distilled water 

and titrate the liberated iodine with sodium thiosulphate solution using 

starch as indicator. 

7) Prepare 250ml exact (N/100) Na2S2O3 solution by proper dilution 

in a volumetric flask. 

8) Take 25ml of exact (N/100) Na2S2O3 solution in a 250ml volumetric flask, 

add deionized water up to the mark to prepare (N/1000) Na2S2O3. 

9) Standardize the prepared ~ (N/10) K2S2O8 solution using the following 

procedure: Take 10ml of the prepared K2S2O8 solution in a 250ml conical 

flask; add 20 ml of ~10% KI solution and 2ml of glacial acetic acid. Prepare 

two sets at the same time, cover the conical flask with watch glass and keep 

the mixture in dark for about 45 minutes. Add 50ml of water and titrate the 

liberated iodine against the standard thiosulphate solution using starch 

solution as indicator. 

10) Prepared an exact (N/100) K2S2O8 solution from the standardized 

K2S2O8 solution by quantitative dilution (total volume 250ml). 

11) Preparation of different sets (in 250ml conical flask) for the study of the 

effect of ionic strength on rate: 

 

Set 10-1N KI 

(ml) 

10-3 

Na2S2O3 

(ml) 

1 N 

KNO3 

(ml) 

Deionized 

water(ml) 

Starch 

(ml) 

10-2N 

K2S2O8 

(ml) 

1 20 10 0 44 1 25 

2 20 10 1 43 1 25 

3 20 10 3 41 1 25 

4 20 10 5 39 1 25 

5 20 10 10 34 1 25 

6 20 10 20 24 1 25 

 

12) Calculate kapp, k and √I for each set. 
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Plot logk vs. √I and explain the nature of the graph.(Determination k0 from 

the intercept). 

Experimental Data: 

1) Room temperature: 

2) Preparation of 250ml ~ 0.1 (N) sodium thiosulphate solution : Required 

weight = ~ 6.2g 

3) Preparation of 100ml (N/10) K2Cr2O7 solution : Required weight =0.49 

4) Standardization of  Na2S2O3 solution:  

Vol. of (N/10) 

K2Cr2O7 solution 

(ml) 

Burette reading Volume of  

Na2S2O3 used (ml) 

Average volume of 

Na2S2O3 (ml) 
Initial(ml) Final(ml) 

10     

10     

Strength of Na2S2O3= ……………….. 

5) Preparation of 250ml exact (N/100) Na2S2O3 solution: 

Required volume of prepared Na2S2O3 solution =
250×0.01

𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 Na2S2O3 solution
 ml 

…ml prepared Na2S2O3 solution was taken (using burette ) in a 250ml volumetric fiask and 

rest of the volume was made by adding deionized water up to the mark. 

6) Preparation of 250ml exact (N/1000) Na2S2O3 solution: 

25ml exact (N/100) Na2S2O3 solution was taken in a 250ml volumetric flask and rest of the 

volume was made by adding deionized water up to the mark. 

7) Preparation of 100ml ~ (N/10) K2S2O8 solution in a 500ml glass bottle: 

Required weight =1.352g 

8) Standardization of K2S2O8 solution:  

Volume of K2S2O8  

solution (ml) 

Burette reading Volume of  

Na2S2O3 used (ml) 

Average volume of 

Na2S2O3(ml) Initial(ml) Final(ml) 

10     

10     

Strength of K2S2O8 solution =…………………….. 

9) Preparation of 250ml exact (N/100) K2S2O8 solution: 

Required volume of prepared K2S2O8 solution =
250×0.01

𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 K2S2O8  solution
 ml 

…ml prepared K2S2O8 solution was taken (using burette ) in a 250ml volumetric flask and 

rest of the volume was made by adding deionized water up to the mark. 



 

51 

 

10) Recording of time: 

Set ∆𝑡(sec) CI
-(mole/lit) Kapp(sec-1) K(mol-1L sec-

1) 

     

     

     

     

     

     

Calculation: 

Ionic strength of different sets: 

Set 1 2 3 4 5 6 

Ionic 

strength(I) 

      

I=1/2 Σ CiZi
2 , where ‘Ci’ is the concentration of the ‘i’ th ion in molarity, Zi is the charge on 

the ‘i’ th ion. 

Set 1 2 3 4 5 6 

logk       

√𝐼       

 

Conclusion: Since here ZA and ZB have the same sign, then ZAZB is positive and the rate 

constant will increase with ionic strength which is found from the plot of log k vs. √𝐼. 

Also value of k0=…………….. 
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Experiment 6: Acid hydrolysis of methyl acetate with hydrochloric acid 

Theory: 

The acid catalyzed hydrolysis reaction of ester can be represented as 

              R1COOR2+ H2O+H+ ⇄ R1COOH +R2OH 

          The rate equation is represented as  

              -
𝑑[R1COOR2]

𝑑𝑡
 = k[R1COOR2][ H+][ H2O] 

                        = k1[R1COOR2], where k1=k[ H+][ H2O] = constant, (in large excess of 

water,[H2O] remains constant and H+ being the catalyst [ H+] is constant) 

Therefore the reaction becomes first order w.r.t ester. Integration of this equation with the 

boundary conditions, when t= 0, [R1COOR2] =C0 and at time t, [R1COOR2] =C, gives 

                                            K1=(2.303/t)log (C0/C) 

The progress of the catalyzed reaction may be studied by withdrawing measured volume of 

aliquot from the reaction mixture at different intervals of time and titrating with standard alkali 

solution using phenolphthalein indicator. The volume of alkali required at any instant is 

equivalent to be the sum of weak acid (produced as a result of hydrolysis) and the acid used as 

catalyst (a constant quantity). 

If V0, Vn and Vꝏ be the volumes of alkali required for the same volume of aliquot at the 

beginning, at time t= tn and at the end of the reaction (at infinite time) respectively then,  

                     C0 ∝ (Vꝏ- V0) and C∝ (Vꝏ- Vn)  

                      Then, k1=
2.303

𝑡𝑛
𝑙𝑜𝑔

 (Vꝏ− V0)

(Vꝏ− Vn)
 

To avoid the measurement of V0 the equation may be represented in the form 

                 Δtn= tn-t1=
2.303

𝑘1
𝑙𝑜𝑔

 (Vꝏ− V1)

(Vꝏ− Vn)
 

Where Vn and V1 are the volumes of alkali required at times tn and t1 respectively. 

 

Plot of 𝑙𝑜𝑔
 (Vꝏ− V1)

(Vꝏ− Vn)
  vs Δtn will give a straight line passing through the origin and the slope 

k1 may be determined by 

                                     K1=slope× 2.303 
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Apparatus required:  

1) 100 mL dry conical flask-1 

2) 500 mL bottle for NaOH. 

3) 2 mL pipette; 5 mL pipette-1 each 

4) 250 mL conical flask-5 

5) Sufficient ice cold water; water bath 

6) Stop watch 

Chemicals required: Methyl acetate, NaOH, and Phenolphthalein 

Procedure:  

1) Prepare 250 mL of approximately 0.1(N) NaOH solution. 

2) Prepare 100 mL 1(N) HCl solution 

3) Pipette out 50 mL of prepared HCl solution (catalyst solution) in a 100 mL dry conical 

flask, add 5 mL of ester using a pipette. Start the stop watch at the time of half discharge. 

Mix the solution thoroughly by swirling motion. 

4) At 5-7 minutes intervals take 2 mL aliquot and add to 50 mL ice cold water taken in a 

250 mL conical flask. Note the time of half discharge. Titrate rapidly against the 

prepared ̴ 0.1(N) NaOH solution taken in a burette, using phenolphthalein as indicator. 

Take at least 6 readings. 

5) The remaining solution is heated at about 60⁰C in a water bath ̴ for 40 minutes with an 

air condenser fitted in the mouth of conical flask. The solution is allowed to cool to 

room temperature. Pipette out 2mL of it in 50 mL water taken in a 250 mL conical flask 

and titrate with ̴ 0.1(N) NaOH solution; using phenolphthalein as indicator. The titre 

value correspond to Vꝏ. 

6) Plot a graph of 𝑙𝑜𝑔
 (Vꝏ− V1)

(Vꝏ− Vn)
  vs Δtn and draw the best fit straight line passing through 

the origin. 

7) Calculate the value of ‘k1’ from the slop of the graph. 

  Experimental result: 

1) Room temperature 

2) Preparation of 250 mL ̴ 0.1(N) NaOH solution: Dissolve 1 g NaOH in 250 mL 

deionized water. 

3) Preparation of 100 mL 1(N) HCl solution: Dissolve ̴ 9mL conc. HCl in 91 mL 

deionized water 

4) Recording of data for ester hydrolysis: 

Time(t) Time(tn)in 

sec 

Δtn= tn-t1 Volume of 

NaOH(Vn 

mL) 

(Vꝏ-V1) 

mL 

(Vꝏ-

Vn)mL 
𝑙𝑜𝑔

 (Vꝏ− V1)

(Vꝏ− Vn)
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5) Determination of Vꝏ: 

Vꝏ = Volume of NaOH required to standardize 2 mL reaction mixture after 

heating at about 60⁰C in a water bath. 

 

6) Plotting of graph: 

𝑙𝑜𝑔
 (Vꝏ −  V1)

(Vꝏ −  Vn)
 

      

Δtn(Sec)       

 

Calculation: Observed rate constant, k1=slope×2.303 

Conclusion: Therefore observed rate constant for the acid catalyzed hydrolysis of methyl 

acetate at …..⁰C is…..sec-1. 

 

 

 

Qualitative semimicro analysis of mixtures containing three radicals 

 

ANALYSIS always does not mean breaking of substance into its ultimate constituents. Finding 

out the nature of substance and identity of its constituents is also analysis and is known as 

qualitative analysis. Qualitative analysis of inorganic salts means the identification of cations 

and anions present in the salt or a mixture of salts. Inorganic salts may be obtained by complete 

or partial neutralization of acid with base or vice-versa. In the formation of a salt, the part 

contributed by the acid is called anion and the partcontributed by the base is called cation. For 

example, in the salts CuSO4 andNaCl, Cu2+ and Na+ ions are cations and SO4
2– and Cl– ions are 

anions. Qualitative analysis is carried out on various scales. Amount of substance employed in 

these is different. In macro analysis, 0.1 to 0.5 g of substance and about 20 mLof solution is 

used. For semimicro analysis, 0.05 g substance and 1 mL solution is needed while for micro 

analysis amount required is very small. Qualitative analysis is carried out through the reactions 

which are easily perceptible to our senses such as sight and smell.  

Such reactions involve: 

(a) Formation of a precipitate 
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(b) Change in colour 

(c) Evolution of gas etc. 

Systematic analysis of an inorganic salt involves the following steps: 

(i) Preliminary examination of solid salt and its solution. 

(ii) Determination of anions by reactions carried out in solution (wet tests)and confirmatory 

tests. 

(iii) Determination of cations by reactions carried out in solution (wet tests) and confirmatory 

tests. 

Preliminary examination of a salt often furnishes important information, which simplifies 

further course of analysis. Although these tests are not conclusive but sometimes they give 

quite important clues for the presence of certain anions or cations. These tests can be performed 

within 10-15 minutes. These involve noting the general appearance and physical properties, 

such as colour, smell, solubility etc. of the salt. These are named as dry tests.  

Heating of dry salt, blow pipe test, flame tests, borax bead test, sodium carbonate bead test, 

charcoal cavity test etc. come under dry tests. Some of these tests are given later in this unit. 

Solubility of a salt in water and the pH of aqueous solutions give important information about 

the nature of ions present in the salt. If a solution of the salt is acidic or basic in nature, this 

means that it is being hydrolysed in water. If the solution is basic in nature then salt may be 

some carbonate or sulphide etc. If the solution shows acidic nature then it may be an acid salt 

or salt of weak base and strong acid. In this case it is best to neutralise the solution with sodium 

carbonate before testing it for anions. Gases evolved in the preliminary tests with dil. 

H2SO4/dil. HCl and conc. H2SO4also give good indication about the presence of acid radicals 

(See Tables 1and 3). Preliminary tests should always be performed before starting the 

confirmatory tests for the ions. 

EXPERIMENT -1: 

Aim 

To detect one cation and one anion in the given salt from the following ions: 

Cations - Pb2+, Cu2+, As3+, Al3+, Fe3+, Mn2+, Ni2+, Zn2+, Co2+, Ca2+, Sr2+, Ba2+, Mg2+,  NH4
+. 

Anions – CO3
2-, NO3

-, SO4
–, NO2

-, S2O3
2-, S2-, Cl̅, Br-, I-, PO4

3-, CH3COO-, C2O4
2- 

(Insoluble salts to be excluded) 

Theory 

Two basic principles of great use in the analysis are: 

(i) The Solubility product; and 

(ii) The Common ion effect. 
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When ionic product of a salt exceeds its solubility product, precipitation takesplace. Ionic 

product of salt is controlled by making use of common ion effectwhich you have studied in the 

textbook of chemistry. 

Material Required 

• Boiling tube : As per need• Test tubes : As per requirement 

• Test tube stand : One• Measuring cylinder : One 

• Test tube holder : One• Delivery tube : One 

• Corks : As per need• Filter paper : As per need 

• Reagents : As per need 

SYSTEMATIC ANALYSIS OF ANIONS 

Step - I: Preliminary Test with Dilute Sulphuric Acid 

In this test the action of dilute sulphuric acid (procedure is givenbelow) on the salt is noted at 

room temperature and on warming.Carbonate (CO3
2–), sulphide (S2–), sulphite (SO3

2–), nitrite 

(NO2
–)and acetate (CH3COO–) react with dilute sulphuric acid to evolvedifferent gases. Study 

of the characteristics of the gases evolvedgives information about the anions. Summary of 

characteristicproperties of gases is given in Table 1 below. 

Procedure 

(a) Take 0.1 g of the salt in a test tube and add 1–2 mL ofdilute sulphuric acid. Observe the 

change, if any, atroom temperature. If no gas is evolved, warm thecontent of the test tube. If 

gas is evolved test it by usingthe apparatus shown in Fig.7.1 and identify the gasevolved (See 

Table 1). 

Table 1: Preliminary test with dilute sulphuric acid 

Observations Inference 

Gas Evolved Possible Anion Gas Evolved Possible Anion 

A colourless, odourless gas 

is evolved with brisk 

effervescence, which turns 

lime water milky. 

 

CO2 

 

 

Carbonate (CO3
2- ) 

 

Colourless gas with the 

smell of rotten eggs is 

evolved which turns lead 

acetate paper black. 

 

H2S 

 

 

Sulphide (S2- ) 

 

Colourless gas with a 

pungent smell, likeburning 

sulphur which turns 

acidified potassium 

dichromate solution green. 

 

SO2 

 

 

Sulphite (SO3
2- ) 
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Brown fumes which turn 

acidifiedpotassium iodide 

solution containing starch 

solution blue. 

 

NO2 

 

Nitrite (NO2
- ) 

Colourless vapours with 

smell ofvinegar. Vapours 

turn blue litmus red. 

 

CH3COOH vapours 

 

Acetate, (CH3COO– ) 

 

Confirmatory tests for CO3
2- S2–, SO3

2-, NO2
– and CH3COO– 

Confirmatory (wet) tests for anions are performed by using water extract when salt is soluble 

in water and by using sodium carbonate extract when salt is insoluble in water. Confirmation 

of CO3
2– is done by using aqueous solution of the salt or by using solid salt as such because 

sodium carbonate extract contains carbonate ions. Water extract is made by dissolving salt in 

water. Preparation of sodium carbonate extract is given below. 

Preparation of sodium carbonate extract 

Take 1 g of salt in a porcelain dish or boiling tube. Mix about 3 g of solid sodium carbonate 

and add 15 mL of distilled water to it. Stir and boil the content for about 10 minutes. Cool, 

filter and collect the filtrate in a test tube and label it as sodium carbonate extract. Confirmatory 

tests for acid radicals, which react with dilute sulphuric acid are given below in Table 2. 

Table 2: Confirmatory tests for CO3
2- S2–, SO3

2-, NO2
– and CH3COO– 

Anion Confirmatory Test 

 

 

Carbonate ( CO3
2- ) 

Take 0.1 g of salt in a test tube, add dilute 

sulphuric acid. CO2 gas is evolved with brisk 

effervescence which turns lime water milky. 

On passing the gas for some more time, 

milkiness disappears. 

 

 

Sulphide (S2– ) 

Take 1 mL of water extract and make it 

alkaline by addingammonium hydroxide or 

sodium carbonate extract. Add a drop of 

sodium nitroprusside solution. Purple or 

violet colouration appears. 

 

 

 

 

*Sulphite ( SO3
2–) 

(a) Take 1 mL of water extract or sodium 

carbonate extract in a test tube and add 

barium chloride solution. A white precipitate 

is formed which dissolves in dilute 

hydrochloric acid and sulphur dioxide gas is 

also evolved. 

(b) Take the precipitate of step (a) in a test 

tube and add a few drops of potassium 

permanganate solution acidified with dil. 

H2SO4. Colour of potassium permanganate 

solution gets discharged. 
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Nitrite ( NO2
– ) 

(a) Take 1 mL of water extract in a test tube. 

Add a few drops of potassium iodide solution 

and a few drops of starch solution, acidify 

with acetic acid. Blue colour appears. 

(b) Acidify 1 mL of water extract with acetic 

acid. Add 2-3 drops of sulphanilic acid 

solution followed by 2-3 drops of 1-

naphthylamine reagent. Appearance of red 

colour indicates the presence of nitrite ion. 

 

 

 

Acetate (CH3COO–) 

(a) Take 0.1 g of salt in a china dish. Add 1 

mL of ethanol and 0.2 mL conc. H2SO4and 

heat. Fruity odour confirms the presence of 

acetate ion. 

(b) Take 0.1 g of salt in a test tube, add 1-2 

mL distilled water, shake well filter if 

necessary. Add 1 to 2 mL neutral** ferric 

chloride solution to the filtrate. Deep red 

colour appears which disappears on boiling 

and a brown-red precipitate is formed. 

 

* Like CO2 sulphur dioxide also turns lime water milky. But CO2 is odourless gas and SO2 

hasa characteristic smell. 

** Prepareation of neutral Ferric Chloride: Add dilute NaOH solution to ferric chloride solution 

drop by drop with shaking until a small but permanent precipitate of ferric hydroxide is 

obtained. Filter the precipitate and use the filtrate for analysis. 
 

Step-II: Preliminary Test with Concentrated Sulphuric Acid 

If no positive result is obtained from dil. H2SO4 test, take 0.1 g of salt in a testtube and 3-4 

drops of conc. H2SO4. Observe the change in the reaction mixturein cold and then warm it. 

Identify the gas evolved on heating (see Table 3). 

 

Table 3: Preliminary examination with concentrated sulphuric acid 

 

Observations Inference 

Gas/Vapours Evolved  Possible Anions 

A colourless gas with 

pungent smell,which gives 

dense white fumes when 

arod dipped in ammonium 

hydroxide isbrought near the 

mouth of the test tube. 

 

 

 

HCl 

 

 

 

Chloride, (Cl– ) 

 

Reddish brown gas with a 

pungentodour is evolved. 

Intensity of reddish 

gasincreases on heating the 

reactionmixture after 

addition of solid MnO2 tothe 

reaction mixture. Solution 

alsoacquires red colour. 

 

 

 

Br2 vapours 

 

 

 

Bromide, (Br– ) 



 

59 

 

Violet vapours, which turn 

starch paperblue and a layer 

of violet sublimate isformed 

on the sides of the tube. 

Fumesbecome dense on 

adding MnO2 to thereaction 

mixture. 

 

 

 

I2 vapours 

 

 

 

Iodide, (I–) 

Brown fumes evolve which 

become dense 

upon heating the reaction 

mixture after 

addition of copper turnings 

and the 

solution acquires blue 

colour. 

 

 

 

NO2 

 

 

 

Nitrate, (NO3
–) 

 

Colourless, odourless gas is 

evolved 

which turns lime water milky 

and the 

gas coming out of lime water 

burns with 

a blue flame, if ignited. 

 

 

 

CO and CO2 

 

 

 

Oxalate, (C2O4
2–) 

 

 

 

Confirmatory tests for the anions which react with concentrated sulphuricacid are given in 

Table 4. 
 

Table 4: Confirmatory tests for Cl–, Br–, I–, NO3
– and C2O4

2– 
 

Anion Confirmatory Test 
 

 

 

 

 

 

 

Chloride (Cl–) 

(a) Take 0.1 g of salt in a test tube, add a 

pinch ofmanganese dioxide and 3-4 drops of 

conc. Sulphuricacid. Heat the reaction 

mixture. Greenish yellowchlorine gas is 

evolved which is detected by its 

pungentodour and bleaching action. 

(b) Take 1 mL of sodium carbonate extract in 

a test tube,acidfy it with dil. HNO3 or take 

water extract and add silvernitrate solution. 

A curdy white precipitate is obtainedwhich is 

soluble in ammonium hydroxide solution. 

(c) Take 0.1 g salt and a pinch of solid 

potassiumdichromate in a test tube, add conc. 

H2SO4, heat andpass the gas evolved through 

sodium hydroxidesolution. It becomes 

yellow. Divide the solution intotwo parts. 

Acidify one part with acetic acid and addlead 

acetate solution. A yellow precipitate is 

formed.Acidify the second part with dilute 



 

60 

 

sulphuric acid andadd 1 mL of amyl alcohol 

followed by 1 mL of 10%hydrogen peroxide. 

After gentle shaking the organiclayer turns 

blue. 
 

 

 

 

 

 

 

Bromide (Br– ) 

(a) Take 0.1 g of salt and a pinch of MnO2 in 

a test tube.Add 3-4 drops conc.sulphuric acid 

and heat. Intensebrown fumes are evolved. 

(b) Neutralise 1 mL of sodium carbonate 

extract withhydrochloric acid (or take the 

water extract). Add 1mL carbon tetrachloride 

(CCl4)/chloroform (CHCl3)/carbon 

disulphide. Now add an excess of 

chlorinewater dropwise and shake the test 

tube. A browncolouration in the organic 

layer confirms the presenceof bromide ion. 

(c) Acidify 1 mL of sodium carbonate extract 

with dil.HNO3 (or take 1 mL water extract) 

and add silvernitrate solution. A pale yellow 

precipitate soluble withdifficulty in 

ammonium hydroxide solution is obtained. 
 

 

 

Iodide ( I – ) 

(a) Take 1 mL of salt solution neutralised 

with HCl andadd 1 mL chloroform/carbon 

tetrachloride/carbondisulphide. Now add an 

excess of chlorine water dropwise and shake 

the test tube. A violet colour appearsin the 

organic layer. 

(b) Take 1 mL of sodium carbonate extract 

acidify it withdil. HNO3 (or take water 

extract). Add, silver nitratesolution. A 

yellow precipitate insoluble in 

NH4OHsolution is obtained. 
 

 

 

*Nitrate (NO3
-) 

Take 1 mL of salt solution in water in a test 

tube. Add 2 mLconc. of H2SO4 and mix 

thoroughly. Cool the mixture underthe tap. 

Add freshly prepared ferrous sulphate along 

thesides of the test tube without shaking. A 

dark brown ring isformed at the junction of 

the two solutions. 
 

 

 

 

 

 

Oxalate (C2O4
2-) 

(a) Take 1 mL of water extract or sodium 

carbonateextract acidified with acetic acid 

and add calciumchloride solution. A white 

precipitate insoluble inammonium oxalate 

and oxalic acid solution butsoluble in dilute 

hydrochloric acid and dilute nitricacid is 

formed. 

(b) Take the precipitate from test (a) and 

dissolve it indilute H2SO4. Add very dilute 

solution of KMnO4 andwarm. Colour of 

KMnO4 solution is discharged. Passthe gas 
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coming out through lime water. The lime 

waterturns milky. 
 
 

 

Chemistry of Confirmatory Tests 

1. Test for Chloride ion [Cl ̅ ] 

(a) If on treatment with warm conc. H2SO4 the salt gives a colourless gas with pungent smell 

or and if the gas which gives dense white fumes with ammonia solution, then the salt may 

contain Cl ̅ ions and the following reaction occurs. 

                    NaCl + H2SO4→ NaHSO4 + HCl 

                    HCl + NH3→ NH4Cl   (Ammonium chloride white fumes) 

 

Step-III : Test for Sulphate and Phosphate 

If no positive test is obtained in Steps-I and II, then tests for the presence of sulphate and 

phosphate ions are performed. These tests are summarised in Table 5. 

Table 5: Confirmatory tests for Sulphate and Phosphate 
 

Ion Confirmatory Test 

 

 

Sulphate ( SO4
2–) 

(a) Take 1 mL water extract of the salt in 

water or sodium carbonate and after 

acidifying with dilute hydrochloric acid add 

BaCl2solution. White precipitate insoluble in 

conc. HCl or conc. HNO3is obtained. 

(b) Acidify the aqueous solution or sodium 

carbonateextract with acetic acid and add 

lead acetate solution. Appearance of white 

precipitate confirms the presence of SO4
2–

ion. 

 

Phosphate (PO4
3–) 

 

(a) Acidify sodium carbonate extract or the 

solution of the salt in water with conc. 

HNO3and add ammonium molybdate 

solution and heat to boiling. A canary yellow 

precipitate is formed. 

 

The tests for cations may be carried out according to the following scheme. 

Step - I: Preliminary Examination of the Salt for Identification of Cation 

1. Colour Test 

Observe the colour of the salt carefully, which may provide useful information about the 

cations. Table 7.6 gives the characteristic colours of the salts of some cations. 

Table 6: Characteristic colours of some metal ions 

 

Colour Cations Indicated 

 

Light green, Yellow, Brown  

Blue  

Bright green  

Blue, Red, Violet, Pink  

Light pink  

 

Fe2+, Fe3+ 

Cu2+ 

Ni2+ 

Co2+ 

Mn2+ 
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2. Dry Heating Test 
(i) Take about 0.1 g of the dry salt in a clean and dry test tube. 

(ii) Heat the above test tube for about one minute and observe the colour of the residue when 

it is hot and also when it becomes cold. Observation of changes gives indications about the 

presence of cations, which may not be taken as conclusive evidence (see Table 7). 

 

Table 7: Inferences from the colour of the salt in cold and on heating 

 

Colour when cold Colour when hot Inference 

Blue White Cu2+ 

Green Dirty white or yellow Fe2+ 

White Yellow Zn2+ 

Pink Blue Co2+ 

 

3. Flame Test 

The chlorides of several metals impart characteristic colour to the flame because they are 

volatile in non-luminous flame. This test is performed with the help of a platinum wire as 

follows: 

(i) Make a tiny loop at one end of a platinum wire. 

(ii) To clean the loop dip it into concentrated hydrochloric acid and hold it in a non-luminous 

flame. 

(iii) Repeat step (ii) until the wire imparts no colour to the flame.  

(iv) Put 2-3 drops of concentrated hydrochloric acid on a clean watch glass and make a paste 

of a small quantity of the salt in it. 

(v) Dip the clean loop of the platinum wire in this paste and introduce the loopin the non-

luminous (oxidising) flame (Fig. 7.3). 

(vi) Observe the colour of the flame first with the naked eye and then through a blue glass 

and identify the metal ion with the help of Table 8. 

 

 
Performing flame test 

 

Table 8: Inference from the flame test 

Colour of the flame 

observed by naked eye 

Colour of the flame 

observed through blue glass 

Inference 

Green flame withblue centre Same colour as observed 

without glass 

Cu2+ 

Crimson red Purple Sr2+ 

Apple green Bluish green Ba2+ 
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Brick red Green Ca2+ 

 

4. Borax Bead Test 

This test is employed only for coloured salts because borax reacts with metal salts to form 

metal borates or metals, which have characteristic colours. 

(i) To perform this test make a loop at the end of the platinum wire and heat it in a flame till it 

is red hot. 

(ii) Dip the hot loop into borax powder and heat it again until borax forms a colourless 

transparent bead on the loop. Before dipping the borax bead in the test salt or mixture, confirm 

that the bead is transparent and colourless. If it is coloured this means that, the platinum wire 

is not clean. Then make a fresh bead after cleaning the wire. 

(iii) Dip the bead in a small quantity of the dry salt and again hold it in the flame. 

(iv) Observe the colour imparted to the bead in the non - luminous flame as well as in the 

luminous flame while it is hot and when it is cold. 

(v) To remove the bead from the platinum wire, heat it to redness and tap the platinum wire 

with your finger. 

 

 
 

Table 9: Inference from the borax bead test 
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(iii) Moisten the salt in the cavity with one or two drops of water, otherwisesalt/mixture will 

blow away. 

(iv) Use a blowpipe to heat the salt in a luminous (reducing) flame and observe the colour of 

oxide/ metallic bead formed in the cavity both when hot and cold [ Fig. (7.6 b)]. Obtain 

oxidising and reducing flame as shown in Fig. 7.7 a and b. 

(v) Always bore a fresh cavity for testing the new salt. 

 
The metal ion can be inferred from Table 10. 

Observations Inference 
Yellow residue when hot and grey metal when cold  Pb2+ 

White residue with the odour of garlic  As3+ 

Brown residue  Cd2+ 

Yellow residue when hot and white when cold  Zn2+ 

 

6. Cobalt Nitrate Test 

If the residue in the charcoal cavity is white, cobalt nitrate test is performed. 

(i) Treat the residue with two or three drops of cobalt nitrate solution. 

(ii) Heat it strongly in non-luminous flame with the help of a blow pipe and observe the colour 

of the residue. On heating, cobalt nitrate decomposes into cobalt (II) oxide, which gives a 

characteristic colour with metal oxide present in the cavity. Thus, with ZnO, Al2O3 and MgO, 

the following reactions occur. 

 

Step-II : Wet Tests for Identification of Cations 

The cations indicated by the preliminary tests given above are confirmed by 
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systematic analysis given below. The first essential step is to prepare a clear and transparent 

solution of the salt. This is called original solution. It is prepared as follows: 

Preparation of Original Solution (O.S.) 

To prepare the original solution, following steps are followed one after the other in a systematic 

order. In case the salt does not dissolve in a particular solvent even on heating, try the next 

solvent. 

The following solvents are tried: 

1. Take a little amount of the salt in a clean boiling tube and add a few mL of distilled water 

and shake it. If the salt does not dissolved, heat the content of the boiling tube till the salt 

completely dissolves. 

2. If the salt is insoluble in water as detailed above, take fresh salt in a clean boiling tube and 

add a few mL of dil.HCl to it. If the salt is insoluble in cold, heat the boiling tube till the salt is 

completely dissolved. 

3. If the salt does not dissolve either in water or in dilute HCl even on heating,try to dissolve it 

in a few mL of conc. HCl by heating. 

4. If salt does not dissolve in conc. HCl, then dissolve it in dilute nitric acid. 

5. If salt does not dissolve even in nitric acid then a mixture of conc. HCl and conc. HNO3 in 

the ratio 3:1 is tried. This mixture is called aquaregia. A salt not soluble in aqua regia is 

considered to be an insoluble salt. 

Group Analysis 

(I) Analysis of Zero group cation (NH4
+ ion) 

(a) Take 0.1 g of salt in a test tube and add 1-2 mL of NaOH solution to it and heat. If there is 

a smell of ammonia, this indicates the presence of ammonium ions. Bring a glass rod dipped 

in hydrochloric acid near the mouth of the test tube. White fumes are observed. 

(b) Pass the gas through Nessler’s reagent. Brown precipitate is obtained. Chemistry of 

Confirmatory Tests for NH4
+ ion 

(a) Ammonia gas evolved by the action of sodium hydroxide on ammonium salts reacts with 

hydrochloric acid to give ammonium chloride, which is visible as dense white fume. 

 

 
On passing the gas through Nessler’s reagent, a brown colouration or a precipitate of basic 

mercury(II) amido-iodine is formed. 

 
For the analysis of cations belonging to group’s I-VI, the cations are precipitated from the 

original solution by using the group reagents (see Table 7.11) according to the scheme shown 

in the flow chart given below: 
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This flow chart is for the detection of one cation only. For detection of more than one cation 

modificationwill be required. 

 

 

 

 

Table 11: Group reagents for precipitating ions 

 

 
 

(II) Analysis of Group-I cations 

Take a small amount of original solution (if prepared in hot conc. HCl) in a test tube and add 

cold water to it and cool the test tube under tap water. If a white precipitate appears, this 

indicates the presence of Pb2+ ions in group –I. On the other hand, if the original solution is 

prepared in water and on addition of dil. HCl, a white precipitate appears, this may also be 

Pb2+. Confirmatory tests are described below in Table 12. 

 

Table 12: Confirmatory tests for Group-I cation (Pb2+ ) 

 

Experiment Observation 
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Dissolve the precipitate in hot water and 

divide the hot solution into three parts. 

 

1. Add potassium iodide solution to the first 

part. 

A yellow precipitate is obtained. 

2. To the second part add potassium 

chromate solution. 

A yellow precipitate is obtained which is 

soluble in NaOH and insoluble in ammonium 

acetate solution. 

3. To the third part of the hot solution add 

few drops of alcohol and dilute sulphuric 

acid. 

A white precipitate is obtained which is 

soluble in ammonium acetate solution. 

 

Chemistry of the Confirmatory Tests of Pb2+ ions 

Lead is precipitated as lead chloride in the first group. The precipitate is soluble in hot water. 

1. On adding potassium iodide (KI) solution, a yellow precipitate of lead iodide is obtained 

which confirms the presence of ions. 

 

This yellow precipitate (PbI2) is soluble in boiling water and reappears on cooling as shining 

crystals. 

PbCl2         +      2KI           →PbI2        +       2KCl 

(Hot solution)Yellow precipitate 

 

3. A white precipitate of lead sulphate (PbSO4) is formed on addition of alcohol followed by 

dil. H2SO4. 

PbCl2+ H2SO4→ PbSO4      +  2 HCl 
Lead sulphate 

(White precipitate) 

Lead sulphate is soluble in ammonium acetate solution due to the formation of 

tetraacetoplumbate(II) ions. This reaction may be promoted by addition of few drops of acetic 

acid. 

PbSO4 + 4 CH3COONH4→ (NH4)2 [Pb(CH3COO)4] + (NH4)2SO4 
Ammonium tetraacetoplumbate(II) 

(III) Analysis of Group–II cations 

If group-I is absent, add excess of water to the same test tube. Warm the solution and pass H2S 

gas for 1-2 minutes. Shake the test tube. If a precipitate appears, this indicates the presence of 

group-II cations. Pass more H2S gas through the solution to ensure complete precipitation and 

separate the precipitate. If the colour of the precipitate is black, it indicates the presence of Cu2+ 

or Pb2+ ions. If it is yellow in colour, then presence of As3+ ions is indicated. Take the 

precipitate of group-II in a test tube and add excess of yellow ammonium sulphide solution to 

it. Shake the test tube. If the precipitate is insoluble, group II-A (copper group) is present. If 

the precipitate is soluble, this indicates the presence of group-II B (arsenic group). 

Confirmatory tests for the groups II A and II B are given in Table 13. 

 

Table 13: Confirmatory tests for Group-II A and II B cations 

Black precipitate of Group II A ions (Pb2+, Cu2+) 

insoluble in yellow ammonium sulphide is 

formed. 

If a yellow precipitate soluble in yellow 

ammonium sulphide is formed then As3+ 

ion is present. 

Boil the precipitate of Group II A with dilute 

nitric acid and add a few drops of alcohol and dil. 

H2SO4. 

Acidify this solution with dilute HCl. A 

yellow precipitate is formed. Heat the 

precipitate with concentrated nitric acid 
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White precipitate 

confirms the presence 

of Pb2+ ions. Dissolve 

the precipitate in 

ammonium acetate 

solution. Acidify with 

acetic acid and divide 

the solution into two 

parts. 

(i) To the first part add 

potassium chromate 

solution, a yellow 

precipitate is formed. 

(ii) To the second part, 

add potassium iodide 

solution, a yellow 

precipitate is formed. 

If no precipitate is 

formed, add excess of 

ammonium hydroxide 

solution. A blue solution 

is obtained, acidify it 

with acetic acid and add 

potassium ferrocyanide 

solution. A chocolate 

brown precipitate is 

formed. 

and add ammonium molybdate solution. 

A canary yellow precipitate is formed. 

 

(IV) Analysis of Group–III cations 

If group-II is absent, take original solution and add 2-3 drops of conc. HNO3 to oxidise Fe2+ 

ions to Fe3+ ions. Heat the solution for a few minutes. After cooling add a small amount of solid 

ammonium chloride (NH4Cl) and an excess of ammonium hydroxide (NH4OH) solution till it 

smells of ammonia. Shake the test tube. If a brown or white precipitate is formed, this indicates 

the presence of group-III cations. Confirmatory tests of group-III cations are summarised in 

Table 14. Observe the colour and the nature of the precipitate. A gelatinous whiteprecipitate 

indicates the presence of aluminium ion (A13+). If the precipitate isbrown in colour, this 

indicates the presence of ferric ions (Fe3+). 

 

Table 14 : Confirmatory test for Group-III cations 

Brown precipitate Fe3+ White precipitate Al3+ 

Dissolve the precipitate in dilute HCl 

and divide the solution into two parts. 

(a) To the first part add potassium 

ferrocyanide solution [Potasium 

hexacyanoferrate (II)]. A blue 

precipitate/colouration appears. 

(b) To the second part add potassium 

thiocyanate solution. A blood red 

colouration appears. 

Dissolve the white precipitate in dilute HCl and 

divide into two parts. 

(a) To the first part add sodium hydroxide solution 

and warm. A white gelatinous precipitate soluble 

in excess of sodium hydroxide solution. 

(b) To the second part first add blue litmus solution 

and then ammonium hydroxide solution drop by 

drop along the sides of the test tube. A blue floating 

mass in the colourless solution is obtained. 

 

Group IIIA:-Cations:- Fe3+,Al3+ Cr3+. 

Group reagents:- NH4Cl&NH4OH 

Precipitation reactions:- 
NH4Cl 

1) Fe3++3NH4OH  →Fe(OH)3+3NH4
+ 

NH4Cl 

2) Al3++3NH4OH → Al(OH)3 +3NH4
+ 
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The hydroxide precipitates of IIIrd A group cations are having lower Solubility product (KSP) 

value while further group cation hydroxides are having higher KSP values hence hydroxides 

of IIIrd group get precipitated while hydroxides of further group cations remains in solution. 

As hydroxide precipitate of IIIrd A group cation are having low Solubility product (KSP) 

Values, amount of hydroxide ions required for the precipitation of these cations are very less. 

Hence ionization of NH4OH is carried out in presence of NH4Cl which gives NH4
+ common 

ion in solution. Due to common ion effect of NH4
+ ion from NH4Cl the ionization of NH4OH 

get suppressed by which limited OH-ions will be produced which will be enough for complete 

precipitation of IIIrd Agroup cations. 

NH4
+(common ion fromNH4Cl suppresses ionization of (NH4OH)  

NH4OH=========NH4
++OH- 

 

Group IIIB:- Cations :- Co2+,Ni2+, Mn2+, Zn2+. 

Group reagents:-NH4Cl + NH4OH & H2S gas 

Precipitation reactions NH4Cl+NH4OH 

1) Zn2++H2SZnS+2H+ 

The cations of IIIrd B get precipitated as sulphide in alkaline medium. The Ksp values of 

sulphides of IIIrdB group cations being relatively high hence amount of sulphide ions required 

for precipitation of cations are very high. If the precipitation of IIIrdB group is carried out with 

H2S in presence of NH4Cl and NH4OH the OH- ion from NH4OH combines with H+ ion from 

H2S and gives undissociated water molecule as 

 

As H+ ions are removed from H2S,free ionization of H2S takes place by which excess H+ ions 

produces in solution which are enough for complete precipitation of IIIrdB group cationsIn 

above solution NH4Cl added suppresses ionization of NH4OH by common ion effect due to 

which excess OH- ions may not produces by which hydroxide precipitation of further group 

cations may be avoided 

Group IV: - Cations:-Ca2+,Ba2+, Sr2+. 

Group reagents:-NH4OH+NH4Cl and(NH4)2CO3 

Precipitation reactions :- NH4Cl+NH4OH 

1) Ca2++ (NH4)2CO3--- -----------→ CaCO3 + 2NH4
+ 

NH4Cl+NH4OH 

2) Ba2++ (NH4)2CO3--- -----------→ BaCO3 + 2NH4
+ 

 

The KSP values of carbonate precipitate of IVthgroup cations are low. Hence for the 

precipitation of of IVth group cation limited CO3
2-ions are required. If the precipitation of IVth 

group cations is carried out in presence of NH4OHandNH4Cl , NH4
+ common ions of NH4OH 

suppresses ionization of (NH4)2CO3 by which limited CO3
2- ions produces which are inough 

for precipitation of IVth group cations. The NH4Cl added suppresses ionization of NH4OH by 



 

70 

 

common ion effect unless hydroxide precipitation of Vthgroup cation(Mg++)takes place along 

with IVth group carbonate precipitate. 

Group V:- Cation :-Mg2+ 

Group reagents :-NH4Cl + NH4OH and Na2HPO4 

Precipitation reaction :- NH4Cl + NH4OH 

Mg2++ Na2HPO4------------→MgHPO4+2Na+ 

 

Mg2+gives white precipitate of MgHPO4 with Na2HPO4 in presence of NH4Cl and NH4OH . 

Here use of NH4Cl prevent hydroxide precipitation of Mg2+ While the buffer (NH4Cl + 

NH4OH ) provides optimum pH (pH=10)for effective precipitation of Mg2+ as MgHPO4 

Group VI:- Cations :-Na+,NH4
+,K+ 

Group Reagents:-There is no specific reagent for this group. These cations gives their water 

soluble salts with the reagents Cations of this group are detected and confirmed by their 

individual characteristic tests. 

Complex formation:- 

The addition product or a complex compound in which number of ligands (equal to 

coordination number of central metal ion) binds with central metal ion by strong coordinate 

bonding and produces a compound called as addition product or a complex compound. If it 

bears any charge then it is known as complex ion. It plays an important role in detection 

separation and confirmation of most of acidic and basic radicals in Inorganic semi-micro 

qualitative analysis. The formation of complex ion in solution experiences sudden change in 

colour, sudden change in solubility and dramatic change in chemical properties. 

Applications of complex formation:-There are several applications of complex formation in 

qualitative analysis some of them are 

1) Separation of IInd group in to IIA and IIB 

2)Separation of Cu2+ from Cd2+as a cyano complex 

3) Separation of Co2+from Ni2+ 

4) Separation of Cl- from Br - and I- 

5)Detection of NO2- and NO3- (Brown ring test) 

1)Separation of IInd group in to IIA and IIB:- 

The IIA group or Copper group cations are Cu++,Cd++, Hg++, Pb++,Bi+3. While the IIB Group 

or Tin group cations are Sn+2,Sn+4,Sb+3 Sb+5, As+3,As+5.The mixture containing IIA and IIB 

group cations dissolved in suitable mineral acid solution or in distilled water and its solution 

can be prepared Aqueous solution of IIA and IIB group cations treated with dilute HCl and 

excess of H2S gas. A sulphide precipitate of IIA and IIB group cations produces. 
HClHCl 

Cu2++H2S→CuS↓+2H+, Sn2+ +H2S→SnS↓+2H+ 

The sulphide precipitate of IIA and IIB group cations treated with yellow ammonium sulphide 

((NH4)2Sx) after gentle worming IIB group precipitate dissolvesin((NH4)2Sx) while IIA group 

precipitate remains as it is hence both can be separated from each other by filtration.  The precipitate 

of IIB group cations dissolves in ((NH4)2Sx) and gives clear solution of cations by following 

reactions  

1)Sb2S3+3(NH4)2S→2(NH4)3[SbS3] (Ammonium thio antimonite)  

2)As2S3+3(NH4)2S→2(NH4)3[AsS3] (Ammonium thio arsinite)  
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3) Sb2S5+3(NH4)2S→2(NH4)3[SbS4] (Ammonium thio antimonate)  

4)As2S5+3(NH4)2S→2(NH4)3[AsS4] (Ammonium thio arsinate)  

5)SnS+(NH4)2S2→(NH4)2[SnS3] (Ammonium thio stannate)  

6) SnS2+(NH4)2S→(NH4)2 [ SnS3] 

All these thioantimonite ,thioarsinite, thioantimonate, thioarsenate and thiostannate salts are 

water soluble salts which gives clear solution of respective cations used for their confirmatory 

tests. 

2) Separation of Cu2+ from Cd2+:- 

Both the cations are IIA group or copper group cations Aqueous solution containing Cu2+and 

Cd2+ cations treated with dilute HCl and excess of H2S gas. A sulphide precipitate CuS and 

CdS produces as 

HClHCl 

Cu2++H2S→ CuS +2H+,                          Cd2++ H2S →   CdS +2H+ 

The sulphide precipitate of Cu2+and Cd2+digested with concentrated Nitric acid (HNO3) and a 

clear solution of Cu (NO3)2 and Cd(NO3)2 produces by following reactions 

CuS +2HNO3→Cu(NO3)2 + H2S , CdS +2HNO3→Cd(NO3)2 + H2S 

When aqueous solution of Cu (NO3)2 and Cd(NO3)2 treated with excess potassium cyanide 

(KCN) solution Cd2+ ion gives precipitate of cyanide first while Cu2+ion remains in solution 

because the Cu(NO3)2 react with KCN and gives unstable Cu(CN)2as 

Cu(NO3)2+2KCN→Cu(CN)2+2KNO3 

2Cu(CN)2→ Cu2(CN)2 +(CN)2↑ (cynogen gas) 

Cu2(CN)2 +6 KCN→2K3[Cu(CN)4] (unstable complex) 

 
By applying law of mass action to the above reaction (I)we get 

Kinst = [Cu+] [CN-] 4 / [Cu(CN)4]-3 =5.00×10-28 

When Cd(NO3)2 reacts with excess KCN gives very weak cyano complex 

Cd(NO3)2+2KCN→Cd(CN)2+2KNO3 

Cd(CN)2 +2KCN→K2[Cd(CN)4] 

 
Byapplying law of mass action to the above reaction (II)we get 

Kinst = [Cd+] [CN-] 4 / [Cu(CN)4]
-2 =1.4×10-17 

The ionization constant value for [Cd(CN4)]
-2is higher than [Cu(CN)4]

-3due to which excess 

Cd++ ions remains free in solution than Cu++ions Hence free Cd++Ion from solution precipitated 

first with H2S gas than Cu++ ions . 

3)Separation of Co2+ from Ni2+:- 
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Both the cations are IIIrdB cations Aqueous solution containing Co2+and Ni2+ cations treated 

with NH4OH andNH4Cland excess of H2S gas black precipitate of CoS and NiS produces as 
NH4Cl+NH4OH                                          NH4Cl+NH4OH 

1) Co+++H2S------→CoS+2H+2)Ni+++H2S------→NiS+2H+ 

Wash the residue of CoS and NiS with distilled water and treat it with aquargia (HCl+HNO3= 

1:3) in a evaporating dish. Evaporate the solution to dryness cool it add littlie distilled water 

stir well and filter. Clear solution of CoCl2 and NiCl2 produces as 

3HCl +HNO3→2H2O+3Cl+NO 

1) CoS +2Cl → CoCl2 +S  

2) NiS+2Cl → NiCl2 +S 

Divide the above solution in to two parts and take test for Co2+ and Ni2+ 

Test for Co2+:-Treate one poartion of above solution with little amyl alcohol, add few crystals 

of NH4CNS,A shake well. Deep blue coloured alcohol layer produces indicates presence of 

Co2+ 

Co2++4NCS-→[ Co (NCS)4]
2- 

In above test use of water must be avoided because if water is used , pink colored [Co(H2O)6] 

complex ion produces instead of deep blue or green [ Co (NCS)4]
2- complex ion 

NI2+present in the solution does not form colored complex with NCS- ion. Hence Co2+ is 

detected in presence of Ni2+ 

Test for Ni2+:- To another portion of test solution add excess NH4OH till alkaline and enough 

alcoholic dimethyl glyoxime solution the scarlet red colored precipitate of [Ni(Dmg)2]produces 

indicates confirmation of Ni2+Dimethyl glyoxime is specific reagent for Ni2+ it gives scarlet 

red precipitate for Ni2+ in alkaline medium but it does not gives such a precipitatefor Co2+. 

 
Scarlet red coloured complex of Ni(Dmg)2 

Detection and separation of acidic radicles ( byComplex formation) 

1)Separation of Cl- from Br–and I-:- 

All the halides are similar in properties the group reagent for halides is silver nitrate (AgNO3) 

which gives halide precipitate as AgCl(white ),AgBr(pale yellow) and AgI (yellow) which all 

are insoluble in dilute HNO3  

MX + AgNO3→AgX↓+MNO3 

Where X=Cl-,Br- or I- and M=Na+ or K+ 
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Cl- can be separated from Br- and I- as, the precipitate of AgCl,AgBr and AgI treated with 

aqueous ammonium carbonate solution .Silver chloride gives clear solution of amine complex 

while AgBr and AgI are sparingly soluble in ammonia solution hence remains undissolved the 

solution is centrifuged .The centrifugate containing Cl- acidified with dilute HNO3.AgCl get 

reprecipitated as a result of decomposition of ammine complex. 

Ag++Cl- →AgCl↓ 

AgCl ↓+(NH4)2CO3 →[Ag(NH3)2]Cl +H2O+CO2 

[Ag(NH3)2]Cl+2HNO3 → AgCl↓+2NH4NO3 

In this way Cl-ion detected and separated from the mixture containing Cl-, Br- and I-.NH4OH 

is not used in the above reactions because AgBr is partially soluble in ammonia 

2)Detection of aNO2
- and NO3

-(By Brown ring test) 

If the given mixture contain both NO2
- and NO3

- together both can be detected by Brown ring 

test as follows 

a)Detection and confirmation of NO2-:-Treat the aqueous solution of a mixture containing NO2
- 

and NO3
- with cold, fresh and saturated solution of FeSO4in a clean test tube to it add dilute 

CH3COOH solution from the side wall of test tube till solution becomes acidic, brown ring of 

[FeNO]SO4 complex(or brown coloured solution) produces at the junction of liqude layers 

indicate conformation of NO2
- ion .The brown ring of [FeNO]SO4 produces by following 

reactions 

NO2
-+CH3COOH → CH3COO-+HNO2 

3HNO2 → H2O+HNO3+2NO↑ 

Fe2++SO42
-+NO→ [FeNO]SO4 

For detection of NO2
- the aqueous solution used must be free from Br- and I- which gives 

colored complexes with Fe2+. 

b)Detection and conformation of NO3
-:-Treat the aqueous solution of mixture containing NO3- 

ion (free from NO2- Br- and I-) with enough concentrated H2SO4 shake well cool under tap 

water. To it add cold, fresh and saturated FeSO4 solution from the side wall of test tube.Brown 

ring at the junction of two liquid layers indicates the conformation of NO3- ion 

The brown ring of [FeNO]2+complex ion produces by following reactions 

2NO3-+H2SO4 →2HNO3+SO42- 

2HNO3 → H2O+2NO+3[O] 

2Fe2++2H++[O] → H2O+2Fe3+ 

Fe2++NO → [FeNO]2+ 

The aqueous solution used for confirmation of NO3-must be free from NO2- , Br- and I- ions. 

Applications of oxidation-reduction:- In qualitative analysis many cation and anaions are 

detected by means of their behavior towards oxidising or reducing agents 

1)Separation of Cl- ,Br –and I-:- The Cl- ,Br –and I- are separated from each other by two 

probable methods 

Method –I:-Use of potassium per sulphate (K2S2O8) The oxidation potential of K2 S2O8is 

very high (2.05V) so used for separation of Cl- ,Br –and I- 

a)Detection , confirmation and removal of I- :-To the mixture of Cl-, Br– and I- little (K2S2O8) 

is added and mixture is warmed, evolution of violet fumes indicates detection and confirmation 

of I- in solution. Heat 

2KI+K2S2O8→2K2SO4+I2 ↑ 
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Add slight excess K2S2O8 and warm it gently till violet fumes disappears completely (avoid 

over heating) - I- completely removed. Here per sulphate oxidizes I- to I2 and itself get reduced 

to SO42- 

b)Detection , confirmation and removal of Br-:-Take solution from above test free from I- to it 

add dilute H2SO4and worm the solution gently. Evolution of brown vapors indicates detection 

and confirmation of Br-. 

                                                                              Heat 

2KBr+K2S2O8+2H2SO4→4KHSO4+Br2 ↑ 

Add slight excess K2S2O8 and heat the solution gently till brown vapors completely removed 

(avoid over heating). Br- completely removed. Here per sulphate oxidizes Br- to Br2 

c) Detection and confirmation of Cl-:- Take solution from above test free from I- and Br- to it 

add enough AgNO3 white precipitate of AgCl produces which dissolves completely in 

ammonia and then reprecipitated with dilute HNO3 confirms presence of Cl- ion in solution 

Cl- +Ag+ →AgCl↓ 

AgCl +2NH4OH→[Ag(NH3)2]Cl+H2O 

[Ag(NH3)2]Cl+2HNO3→AgCl↓+2NH4NO3 

Method II:- Use of chlorine water:- 

a) To the aqueous solution of a mixture containing Cl-, Br– and I- add enough chlorine water 

and chloroform .Shake well the solution and allow to separate two layers. Violet colour to 

lower organic layer indicate presence of I-in the given solution. Take upper aqueous layer in a 

test tube to it add excess chlorine water and chloroform shek well repeat the same till violet 

colour to lower organic layer does not produces. Here I- get removed completely in this test 

the Cl2 itself under goes reduction and oxidizes I- to iodine this iodine dissolves in organic 

layer (chloroform ) and gives violet colour to organic layer 

2NaI+Cl2→2NaCl+I2 

Or [2I-+Cl2→2Cl-+I2] 

b) To the aqueous layer from above step(free from I-) add enough chlorine water and 

chloroform .Shake well the solution and allow to separate two layers yellow colour to lower 

organic layer indicate presence of Br- in the given solution. Take upper aqueous layer to it add 

excess chlorine water and chloroform shake well repeat the same till yellow colour to lower 

organic layer does not produces. Here Br- get removed completely 

in this test the chlorine it self under goes reduction and oxidizes Br- to Br2 which dissolves in 

organic layer (chloroform ) and gives yellow colour to organic layer 

2NaBr+Cl2→2NaCl+Br2 

Or [2Br-+Cl2→2Cl-+Br2] 

c)The aqueous layer from above step (completely free from I-,Br- and organic layer) or aqueous 

solution containing Cl- ,Br –and I- used for confirmation of Cl- which can be treated with 

AgNO3 solution. A white precipitate of AgCl produces. It can be treated with aqueous 

ammonium carbonate solution .AgCl gives clear solution of amine complex. If the solution is 

treated with dilute HNO3 Ci-ion get reprecipitated as AgCl . Hence Cl-ion detected and 

confirmed . 

Ag++Cl- →AgCl↓ 

AgCl+(NH4)2CO3 →[Ag(NH3)2]Cl +H2O+CO2 

[Ag(NH3)2]Cl+2HNO3 → AgCl↓+2NH4NO3 
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2)Separation of NO2- and NO3-:- 

a) Detection of NO2-:-The aqueous solution containing NO-2 and NO-3 acidified with 

H2SO4and treated with very dilute KMnO4 solution. Decolouration of KMnO4 solution 

confirms the presence of NO2- here KMnO4 is reduced by HNO2 to MnSO4 where as HNO2is 

oxidized to HNO3 

2KMnO4+3 H2SO4→K2SO4+2MnSO4+3H2O+5(O) 

2KNO2 + H2SO4→K2SO4+2HNO2 

HNO2+ (O)→HNO3 

Nitrate present in the solution does not interferes in the above test. 

b)Removal of NO2-:-Under specific conditions nitrite can be reduced to nitrogen and separated 

from nitrate. To the solution containingNO2- an excess of solid NH4Cl is added and the 

solution is boiled to expel out NO2- as N2 gas. 

Boil 

NaNO2 +NH4Cl→NH4NO2+NaCl 

Boil 

NH4NO2→N2↑+H2O 

c) Detection of NO3-:-After the removal of NO2-, NO3-can be tested by following tests :-

1)Solution is warmed with Cu foil and conc. H2SO4.Brown gas evolves that turns starch iodide 

paper black indicates confirmation of NO3-. 

2NaNO3+ H2SO4→Na2SO4+2HNO3 

Cu+ 4HNO3→ Cu(NO3)2+2NO2↑+2H2O 

2)Brown ring test:-[Please refer the brown ring test for NO3-] 

 

 

Spot tests 

Scientist F.Fiegl and his colleges developed a advanced analytical technique in 1918 for 

detection and confirmation of basic radicals called as Spot tests analysis. The technique is most 

superior technique than Inorganic semi micro qualitative analysis because of following 

advantages 

Advantages 

1) Very simple equipments are required. 

2)Very less space is required. 

3)Less number of labors are required. 

4)Very very small quantity of sample and reagents are required. 

5)Very fast technique, less time can be consumed. 

6)It is more economical. 

7) Simple to operate. 

8) Pollution free technique. 

9)Carried out even at micro level. 

The spot test analysis is a simple technique for which one or two drops of sample solution of a 

high purity material is required. One drop of reagent solution is required. The equipments 

required are filter paper strips or a spot plate, reagent bottles, sample solution containers, dryer 

and etc. 
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Experimental procedure for spot test analysis :- Take a drop of sample solution on a paper strip, 

dry it with the dryer apply a drop of a reagent on it , intense colour develops on a paper strip 

indicates confirmation of the cation. Spot tests also may be carried on spot plate. 

Requirements:-The basic requirements of spot test analysis are, High purity (A.R. Grade) 

inorganic salts and reagents, suitable experimental conditions and cleanliness of equipments 

and working place are required 

The technique has some limitations like the reagents required for the analysis must be of higher 

quality, which are costly. The sample solution must be free from quantamination, prepared by 

using A.R.grade inorganic salts. The organometallic complex formation or chelation reactions 

which proceids in spot test analysis may not be clearly understood. 

Table 15: Detection of some cations by spot test analysis 

Test Observation 

Colour of the spot 

Inference 

1)Rubeanic acid test:-take a 

drop of original solution(O.S.) 

on a paper strip +a drop of 

reagent-expose toNH3 gas  

a)Olive green  

b)Blue  

c)Brown  

Cu2+present  

Ni2+ present  

Co2+present  

2)Dimethyl glyoxime test:- take 

a drop of O.S. on a paper 

strip+adropof reagent-expose 

toNH3 gas  

Scarlet red colour  Ni2+ present and confirmed  

3)Potassium ferrocyanide test:- 

take a drop of O.S. on a spot 

plate+a drop of reagent  

Intence blue colour  Fe3+ present and confirmed  

 

 

 

 

 

 

 

 

 

 

 

 


