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This Student Laboratory Notebook allows you to keep a written record or 

report of the mandatory laboratory works that you will carry out as part of the 

Medical Chemistry course. The Student Laboratory Notebook includes 

laboratory works and questions in all basic topics in Medical Chemistry: 

complex compounds; properties of solutions; titrimetric analysis; ion–exchange 

absorption and partition chromatography; surface phenomena; properties of 

colloidal solutions.  

The workbook is for first year students of Stomatological Faculty.  

Have fun,enjoy your practical work,and best of luck with it! 
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MEDICAL  CHEMISTRY  COURSE  STRUCTURE 

 
 

Organization of Medical Chemistry studies as a course is based on a credit-module 

system which meets the requirements of Bologna process. The course of «Medical 

Chemistry» consists of:  

 one Final module control;  

 two semantic modules (“Homogeneous equilibrium in biological liquids”, 

“Heterogeneous equilibrium in biological liquids”);  

 twelve topics;  

 five lectures.  

Current monitoring of student’s progress is carried out in the course of every practical 

class. Conversion of traditional marks for each subject into points:  

«5» – 9 points, 

«4» – 7 points, 

«3» – 5 points, 

«2» – 0 points. 

When the study of all subjects of the module is completed the Final test (module 

control) is carried out. The maximal number of points for module control is 80, minimal – 

50. The student is entitled to pass the Final test only if he earned 60 or more points by the 

time of practical classes. The Final test consists of oral part or practical skills (12 points 

maximum), test part and written part (68 points maximum). Individual work – 12 points.  

Calculate your final mark yourself:  

total points   110 – «3» 

total points   140 – «4» 

total points   170 – «5». 

We wish you success!  
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LABORATORY  SAFETY  RULES  WE  RECOMMEND 

 
Take care of yourself. 

Acquire good lab habits from the word go. 
 Report all accidents, injuries, and breakage of glass or equipment to teacher 

immediately.  

 Lab coats should be worn in laboratory.  

 Long hair (chin-length or longer) must be tied back to avoid catching fire.  

 Work quietly − know what you are doing by reading the assigned experiment before 

you start to work. Pay close attention to any cautions described in the laboratory 

exercises.  

 Do not taste or smell chemicals.  

 Never return chemicals to their bottles.  

 Never point a test tube being heated at another student or yourself. Never look into a 

test tube while you are heating it. 

 Unauthorized experiments or procedures must not be attempted. 

 Leave your work station clean and in good order before leaving the laboratory. 

 Do not leave your assigned laboratory station without permission of the teacher. 

 Follow all instructions given by your teacher. 

 Do not mouth pipette.  

 Do not waste chemicals; do not take more than what is required 

 Wash your hands before leaving the lab.  

 Absolutely no noise or disruptive behavior in the lab. No fooling around. 

 No eating or drinking in the lab at any time!  

 
 
 
 
 
 
 
 

Exothermic Dangers 
When you make up a solution using a concentrated or solid 
strong acid or base, always gradually add the acid or base to the 
water, not vice versa. If you add water to the strong acid or base, 
the solution may boil almost instantly, ejecting the chemical 
forcefully from the container. 
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GENERAL  PURPOSE  GLASSWARE 

 
Be careful with all laboratory glassware!  

 

Test Tubes 

For most people, the test tube is the one piece of equipment that 

defines a chemistry lab, and rightly so. Test tubes are used so often and 

for so many purposes that it’s hard to imagine a chemistry lab without 

them. Most of the time, you’ll use test tubes to mix solutions, heat 

samples, observe reactions, and perform other similar tasks.  

 

 
 

Beakers 

Beakers are among the most commonly used items of 

laboratory glassware; they’re used when test tubes aren’t 

large enough. Beakers are flat-bottomed, cylindrical 

containers, usually equipped with a pouring spout, and 

are used for routine mixing, measuring, heating, and 

boiling of liquids. 

 

 

 

 

Volumetric Flasks 

A volumetric flask is used to make up a precise volume of solution. It 

has one graduation line that indicates the nominal volume.  

 
Erlenmeyer Flasks (conical flasks) 

An Erlenmeyer flask, has a wide, flat base and a conical cross 

section, which allows it to sit on the lab bench without risk of 

tipping. We frequently use an Erlenmeyer flask, also called a conical 

flask, for a task that requires a vessel larger than a test tube. Flasks 

are better for swirling or heating solutions, when the container must 

be sealed or is part of an apparatus, or when the contents are volatile. 
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Graduated Cylinders 

A graduated cylinder is a tall, slender cylinder with numerous 

graduation lines from near the bottom to near the top. You use a 

graduated cylinder to measure liquids with moderate to moderately 

high accuracy. 
 

 

Pipettes 

A graduated pipette (also spelled pipet) is a slender glass tube that is 

used to measure and dispense liquids with a very high degree of 

accuracy and precision. Standard volumetric pipettes have only one 

graduation line that corresponds to the nominal capacity of the 

instrument, and so can be used only to measure that specific 

quantity. 

 

 

 

Burettes 

A burette (also spelled buret) is used to dispense controlled small 

amounts of a liquid with great precision. Burettes are used to 

perform titrations for quantitative analyses, determining accurate 

concentrations of stock solutions, and so on.  
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LABORATORY WORK 1 

«THE CHARACTERISTIC REACTIONS OF IONS OF SOME MACRO– AND 

MICROELEMENTS» 

Purpose: to carry out analytical reactions of some cations and anions, to put down 

and memorize the effects of reactions (analytical signals), to write down equations of 

analytic reactions in molecular form.  

The essence of the method  

The aim of qualitative analysis is to establish chemical identity of the sample species, 

i.e. chemical elements, atom groups, ions or molecules, forming unknown substance or the 

mixture of substances. The qualitative analysis allows to define authenticity of 

pharmaceutical preparations and availability of impurity in them. Specific reaction is 

called a reaction, specific to one ion or molecule and not interfered by other ions in the 

solution. Specific reactions of all ions were known, however, the number of such reactions 

is highly limited. Much more numerous are so called selective reactions, which are 

specific to ions of the similar properties. Selective reactions, specific to a group of ions, 

are called group selective reactions. Appropriate reagents are used for analytic reactions. 

So-called specific reagents induce a reaction specific to only one ion; selective reagents 

are specific for a group of ions.  

Chemical reactions are characterized by changes in colour, the formation of a 

precipitate, a change in temperature or the evolution of a gas.  

 

 

 

 

 

 

 

 

 

 

 

Everyday Qualitative Analysis 

• Police and drug-enforcement agents use qualitative analysis field tests 

to do “pass-fail” preliminary analyses of suspect materials. 

• Sports teams and sanctioning committees use qualitative analysis to test 

players for steroid use. 

• Airports and public buildings use instrumental qualitative analysis to 

“sniff” for explosives. 

• Environmental scientists use qualitative analysis to test soil, water, and 

air samples for the presence of toxic chemicals. 



 7

Required Reagents and Equipment 

Sodium carbonate solution Potassium nitrite solution 

Hydrochloric acid solution Sulfuric acid solution 

Sodium sulfate solution Silver nitrate solution 

Barium chloride solution Potassium permanganate solution 

Test tubes (5) Hydrogen peroxide solution 

Test tube rack  

The operation process  

Test 1. The reaction for detection of carbonate ion 

Transfer 5–7 drops of sodium carbonate solution to a clean test tube and add 5–7 drops of 

hydrochloric acid solution.  

Observation: ___________________________________________________________ 

Write the molecular equation for reaction (notice that strong hydrochloric acid displaces 

weak unstable acetic acid from salt): 

________________________________________________________________________

________________________________________________________________________ 

Test 2. The reaction for detection of sulfate ion 

Transfer 5–7 drops of sodium sulfate solution to a clean test tube and add 2–3 drops of 

barium chloride solution.  

Observation: ___________________________________________________________ 

Write the molecular equation for reaction (notice that precipitate of barium sulfate is 

formed):  

________________________________________________________________________

________________________________________________________________________ 

Test 3. The reaction for detection of nitrite ion 

Transfer 5–7 drops of potassium nitrite solution to a clean test tube and add 2–3 drops of 

concentrated sulfuric acid solution. Carefully heat.  

Observation: ____________________________________________________________ 

Write the molecular equation for reaction (notice that nitrous acid rapidly decomposes into 

nitrogen dioxide NО2, nitric oxide NО, and water):  
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________________________________________________________________________

________________________________________________________________________ 

Test 4. The reaction for detection of silver ion 

Transfer 2–3 drops of silver nitrate solution to a clean test tube and add 2–3 drops of 

hydrochloric acid solution.  

Observation: __________________________________________________________ 

Write the molecular equation for reaction (notice that precipitate of silver chloride is 

formed): 

________________________________________________________________________

________________________________________________________________________ 

Test 5. The reaction for detection of permanganate ion 

Transfer 5–7 drops of potassium permanganate solution to a clean test tube, add 5–7 drops 

of sulfuric acid and 2–3 drops of hydrogen peroxide solution.  

Observation: __________________________________________________________ 

Write the molecular equation for reaction (notice that this is oxidation-reduction reaction 

and О2 is formed):  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

 

LABORATORY WORK 2 

«PREPARATION OF COBALT (II) NITRATE SOLUTION BY DILUTING 

CONCENTRATED SOLUTION»  

Purpose: to demonstrate a method of solution preparation.  

The essence of the method 

In laboratory practice, mixtures in a liquid state are usually called solutions. Solutions 

concentration is their quantitative characteristic. The concentration of a solute in a solution 

is a measure of how much of that solute is dissolved in the solvent. Ability to estimate the 

concentration is very important in the study of pharmacology and clinical subjects. One of 
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the methods of solution preparation is dilution of more concentrated solution (stock 

solution).  

Next equation is used to make calculation: 

(X)VX
z
1c(X)VX

z
1c 2211 













 , 

where 





 X

z
1c1  – molarity of equivalent (normality) of more concentrated solution; 

(X)V1  – volume of more concentrated solution that will be taken for preparation of diluted 

solution; 





 X

z
1c2  – molarity of equivalent (normality) of diluted solution; (X)V2  – 

volume of diluted solution.  

Required Reagents and Equipment 

Cobalt (II) nitrate solution 100 mL volumetric flask 

5 mL pipette Beaker 

Pipette bulb Distilled water 

Instruction for using of pipette 

1. Insert the tip of the pipette into the beaker with solution so that it is about 1/4 from the 

bottom. 

2. Hold the pipette in your hand, leaving your index finger free to place over the top of the 

pipette. With your other hand, squeeze the pipette bulb. Press it firmly over the top of 

the pipette. Release the pressure on the bulb and allow the solution to flow into the 

pipette until it is above the volume mark.  

3. Quickly remove the bulb and place your index finger firmly over the top of the pipette. 

Slowly roll you finger to one side and allow the liquid to drain until the bottom of the 

meniscus is aligned with the volume mark.  

4. Press your index finger firmly on the top of the pipette so no liquid leaks out. Pull the 

pipette out of the solution and transfer the solution. When the solution stops flowing, 

touch the pipette once to the side of the receiving beaker to remove any hanging drops. 

 

 

 

Never put your mouth in contact with a pipette. Not even if you’re pipetting                
pure water. If you get into the habit of filling pipettes by mouth, the day will inevitably 
arrive when you suck something nasty into your mouth. Use a pipette bulb or pipette 
pump instead. 
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The operation process 

1. Calculate volume of cobalt (II) nitrate solution (molarity of equivalent is 0,4 mole/L) 

that will be taken for preparation of 100 mL of cobalt (II) nitrate solution with molarity 

of equivalent 0,02 mole/L using the next formula:  

)(Vc)(Vc 23232323 )Co(NO)Co(NO
2

1
)Co(NO)Co(NO

2

1
2211 













 ; 




















231

232232

231

)Co(NO
2
1c

))(Co(NOV)Co(NO
2
1c

))(Co(NOV  ———————— =        L =        mL 

We remind you that 1 milliliter equals 0,001 liter (to get liters from milliliters you divide 

the milliliters by 1000) and 1 liter equals 1000 milliliters (to get milliliters from liters you 

multiply the liters by 1000).  

2. Prepare laboratory glassware:  

a) rinse the clean pipette with distilled water, and then with 0,4 mole/L cobalt (II) 

nitrate solution;  

b) rinse clean beaker and volumetric flask with distilled water.  

3. Pipette off calculated volume of 0,4 mole/L cobalt (II) nitrate solution to the 100 mL 

volumetric flask.  

 

 

 

 

4. Adjust the volume to 100 mL with distilled water.  

5. Close volumetric flask and shake upside to mix contents.  

 

LABORATORY WORK 3 

«HYDROLYSIS OF THE SALTS» 

Purpose: to indicate the pH of different aqueous solutions of salts using the acid-base 

indicators and predict ability of these salts to hydrolysis.  

The essence of the method 

Never put pipette into a reagent bottle. If you do so, you will 

be contaminating the reagent. Instead, pour some liquid into beaker, 

and then use pipette to take as much as you need from beaker. 
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All biological liquids are water solution with a given rate of pH. Studying of pH of 

biological liquids enables to determine pathological phenomena taking place in an 

organism and to prevent diseases. Usually hydrolysis is a chemical process in which a 

molecule of water is added to a substance. The term salt hydrolysis refers to the reaction of 

a cation or an anion, or both with water which splits the water molecule into two parts. 

Salt hydrolysis usually affects the pH of a solution (acidic, basic or neutral).  

The following generalizations are useful. 

1. Salts of strong base and strong acids (for example, NaCl) do not hydrolyze: pH = 7.  

2. Salts of strong bases and weak acids (for example, Na2CO3) hydrolyze: pH > 7 (the anion 

acts as a base).  

3. Salts of strong acids and weak bases (for example, NH4Cl) hydrolyze: pH < 7 (the cation 

acts as an acid).  

4. Salts of weak acids and weak bases (for example CH3COONH4) hydrolyze. The cations 

are acids and the anions are bases. Whether the solution is acidic or basic depends on the 

relative values of aK  and bK  for the ions.  

Acid-base indicators are highly coloured weak acids or bases. Acid-basic indicators 

change colour because protons join to or lost the indicator molecule. The both forms of 

indicator are coloured differently: HIn (color 1)   In (color 2). 

Required Reagents and Equipment 

Copper sulfate Distilled water 

Sodium carbonate 

Sodium chloride 

Sulfuric acid solution 

Sodium hydroxide solution 

Solution of methyl red indicator 

Solution of phenolphthalein indicator 

Test tubes (12) 

Test tube rack 

The operation process 

1. Place 5 mL of distilled water to a clean test tube and add 3–4 drops of methyl red 

indicator solution.  

2. Place 5 mL of sulfuric acid solution to a clean test tube and add 3–4 drops of methyl 

red indicator solution.  

3. Place 5 mL of sodium hydroxide solution to a clean test tube and add 3–4 drops of 

methyl red indicator solution.  
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4. Place 5 mL of distilled water to a clean test tube; add 3–4 drops of methyl red indicator 

solution and a few crystals of sodium carbonate.  

5. Place 5 mL of distilled water to a clean test tube; add 3–4 drops of methyl red indicator 

solution and a few crystals of copper sulfate.  

6. Place 5 mL of distilled water to a clean test tube; add 3–4 drops of methyl red indicator 

solution and a few crystals of sodium chloride.  

7. The color of solution in each test tube should be noted down to the Evaluation Table.  

8. Repeat steps 1−7 using phenolphthalein indicator solution.  

Evaluation Table 

Electrolyte 
Color of indicator pH of the 

electrolytes 
solutions 

Methyl red Phenolphthalein 

H2O    
H2SO4    
NaOH    

Na2CO3    
CuSO4    
NaCl    

 

Molecular and ionic equations of salts hydrolysis 

Write the hydrolysis reactions for salts which undergo hydrolysis in the ionic and 

molecular forms and notice the pH of aqueous solution of these salts (acidic, basic or neutral):  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

Compare the pH of salts solutions predicted by analysis of hydrolysis reactions with pH of 

determined experimentally.  

________________________________________________________________________

____________________________________________________________________ 
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Conclusion 

Aqueous solution of sodium chloride is _______________; aqueous solution of copper 

sulfate is _______________; aqueous solution of sodium carbonate is ________________ 

 

LABORATORY WORK 4 

«STANDARDIZATION OF THE SODIUM HYDROXIDE SOLUTION»  

Purpose: to demonstrate a method of acid-base titration; to determinate of the 

molarity of equivalent according to the results of titration.  

The essence of the method 

To «standardize» a solution means to find its exact concentration. Titration is used to 

determine the concentration of an unknown acid or base. Titration is a procedure in which 

a solution (called the titrant) whose concentration is known very accurately is reacted with 

a known volume of another solution of unknown concentration (called the analyte). By 

measuring the amount of titrant needed to neutralize the analyte, you can determine the 

concentration of the analyte accurately. 

As NaOH doesn’t meet the requirements for standard substances (it’s hygroscopic, 

has admixtures), a prepared solution should be titrated against standard solution. As 

standard solution in this case sulfuric acid may be used. 

2NaOH + H2SO4 = Na2SO4 + 2H2O; 

Н++ OН‾ = H2O. 

Phenolphtalein can be used as the indicator.  

Required Reagents and Equipment 

Sulfuric acid standard solution  

Sodium hydroxide solution  

Phenolphthalein indicator solution 

Distilled water 

25 mL burette 

10 mL pipette 

250 mL conical flask (3) 

Beaker 

The operation process 

1. Rinse a clean 25 mL burette with the sodium hydroxide solution. Fill the burette with 

sodium hydroxide solution to the zero mark using a beaker. Clamp the burette to a 

stand.  

2. Rinse three clean conical flasks with distilled water.  
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3. Rinse a clean 10 mL pipette with the sulfuric acid solution, then pipette 10 mL 

samples into three clean conical flasks.  

4. Add 2-3 drops of phenolphthalein indicator solution to each flask.  

5. Place one conical flask (containing the acid and indicator) under the burette and swirl 

the flask slowly while adding sodium hydroxide solution until the indicator turns pink. 

You can add the base quickly at the beginning, but will need to add it very slowly and 

finally drop by drop to determine the exact endpoint. Keep this flask to provide a 

reference colour for the next titration.  

 

 

 

 

 

 

 

 

6. When you complete the titration, you’ll determine the amount of solution you have 

added. Read the value by placing your eye at the level of the solution and reading the 

value at the bottom of the meniscus.  

7. Repeat the titrations (steps 5−6) until you have tree concordant (ideally within 0.1 mL, 

but at least within 0.3 mL) titres.  

8. The data of the titration should be noted down to the Evaluation Table.  

9. Use this data to calculate the molarity of equivalent (normality) of sodium hydroxide 

solution in mole/L. 

Evaluation 

1. Calculate average volume of NaOH solution used for the titration and notice the result 

to the Table.  





3

VVVV 321  ——————————— =     mL 

2. Convert 10,0 mL of sulfuric acid solution (V(H2SO4)) and average volume of sodium 

hydroxide solution into liters dividing by 1000:  

  End point versus equivalence point 

The end point of a titration is the point at which the titration is complete, 
typically when an added indicator such as phenolphthalein changes color. The 
equivalence point is closely related to end point but not necessarily identical 
with the end point. The equivalence point is the point at which the number of 
moles (or equivalents) of titrant exactly equals the number of moles (or 
equivalents) of analyte. Ideally, the end point should exactly equal the 
equivalence point, but in the real world they are usually slightly different. 
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V (H2SO4) in L ____________________ 

V  (NaOH) in L ____________________ 

3. Notice the molarity of equivalent of sulfuric acid:  

c( 2
1 H2SO4) is ____________ mole/L 

4. Calculate normality of NaOH solution according to the following formula: 

V ( NaOH )· c ( NaOH ) = V  42SOH  c 







42SOH
2
1 ; 











)(

)(
2
1

)(
NaOHV

SOHVSOHс
NaOHc

4242
 —————————— =   mole/L 

5. The results should be noted down to the Evaluation Table. 

Evaluation Table 

Volume of NaOH  Average volume of NaOH  c (NaOH) 

Trial 1 _________ mL 

________________ L _____________mole/L Trial 2 _________ mL 

Trial 3 _________ mL 

 

Conclusion 

Normality of sodium hydroxide solution is _______________________________ mole/L. 

 

LABORATORY WORK 5 

«BUFFER SOLUTIONS PREPARATION AND THEIR PROPERTIES 

INVESTIGATION» 

Purpose: to prepare the buffer solutions with set pH and measure this pH; to 

determine the effect of acid, base or water added to buffers on its pH changes.  

The essence of the method 

A buffer solution is usually a solution of a weak acid and its conjugate base or, less 

commonly, a solution of a weak base and its conjugate acid. A buffer solution resists 

changes in the concentrations of the hydronium ion and hydroxide ion (and therefore pH) 

when the solution is diluted or when small amounts of an acid or base are added to it. The 
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resistance of a buffer solution to pH change is based upon Le Chatelier’s Principle and the 

common ion effect.  

Because all biological processes are dependent on pH, cells and organisms must 

maintain a specific and constant pH in order to keep their enzymes in the optimum state of 

protonation. Living organize (human body) has such buffer solutions as: phosphoric, 

carbonic, hemoglobin, protein buffer solutions. 

In this lab, we’ll make up a buffer solution of acetic acid and sodium acetate and 

examine the effects of adding hydrochloric acid and sodium hydroxide to this buffer 

solution as well as dilution of buffer solutions.  

Look what happens when we add OH− ions to CH3COOH. The acid is a proton 

donor: 

OH−(aq) + CH3COOH (aq)  H2O + CH3COO− (aq) 

And when we add H3O+ to CH3COOH the base acts as a proton acceptor: 

CH3COO− (aq) + H3O+(aq)  H2O + CH3COOH (aq) 

So if we had a mixture of acetic acid and acetate ions it wouldn’t matter whether we 

added acid or base, the excess OH− and H3O+ would be neutralized.  

Weak acetic acid only partially dissociated: 

CH3COOH + H2O  CH3COO− + H3O+ 

As H2O is added, the equilibrium shifts to the right, causing more H3O+ to be formed. 

The pH of a buffer solution is calculated from the ratio of [HA] and [A−]. If we dilute the 

buffer solution, we dilute both concentrations equally. The dilution factors cancel out and 

we are left with the same calculations, and the same pH as before. So, when buffer 

solutions are diluted the pH does not change.  

Required Reagents and Equipment 

Acetic acid solution 

Sodium acetate solution 

Hydrochloric solution 

Sodium hydroxide solution  

Distilled water 

50 mL beakers (3) 

Glass stick 

pH–meter 

25 mL burettes (2) 

1 mL pipettes (2) 

200 mL volumetric flask  
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The operation process 

1. Rinse a clean 25 mL burette with the 0,1 mole/L sodium acetate solution. Fill the 

burette with 0,1 mole/L sodium acetate solution to the zero mark using a beaker. Clamp 

the burette to a stand.  

2. Rinse a clean 25 mL burette with the 0,1 mole/L acetic acid solution. Fill the burette 

with 0,1 mole/L acetic acid solution to the zero mark using a beaker. Clamp the burette 

to a stand. 

3. Transfer the noted in Evaluation Table volumes of acetic acid solution and sodium 

acetate solution from burettes to three 50 mL beakers. Mix the contents of beakers.  

4. Use the pH-meter to measure the pH of the three buffer solutions. The results should be 

noted down in the next to last column of Evaluation Table (pHmeasured, pH0
(i)). Don’t 

pour out the buffer solutions.  

 4.1. Place the tip of the sensing and reference electrodes in the buffer. It does not 

matter which buffer you do first.  

 4.2. Appropriate pH value will appear on the display. 

 4.3. Rinse the tip of electrodes with distilled water.  

5. Rinse pipette with 0.01 mole/L HCl solution, then pipette 1 mL sample to the beaker 

that contains the first buffer solution. Rinse other pipette with 0.01 mole/L NaOH 

solution, then pipette 1 mL sample to the beaker that contains the second buffer 

solution. Mix the contents of beakers.  

6. Transfer the third buffer solution to the 200 mL volumetric flask and adjust the volume 

to 200 mL with distilled water. Mix the contents of volumetric flask.  

7. Use the pH-meter to measure the pH of the prepared solutions (see step 4). The results 

should be noted down in the last column of Evaluation Table (pHmeasured, pHi).  

Evaluation 

Calculate pH of buffer solutions before (pH0
(i)) and after adding of limited volumes of 

strong acid, base or water (pHi) using formulas below and record them to the Evaluation 

Table (pHcalculated).  

Kd(CH3COOH) = 1,75∙10−5 mole/L 

pKd(CH3COOH) = − lg 1,75∙10−5 = ________________________________________ 



 18

pH0 
(1) = pKd (CH3COOH) + lg 




 COOH)(CHV  COOH)(CHc
  COONa)(CH V COONa)(CHc

3130

3130  

 

=  + lg  —————————— =  + lg   =   

 

pH0 
(2) = pKd (CH3COOH) + lg 




 COOH)(CHV  COOH)(CHc
  COONa)(CH V COONa)(CHc

3230

3230  

 

=  + lg  —————————— =  + lg   =   

 

pH0 (3) = pKd (CH3COOH) + lg 



 COOH)(CHV  COOH)(CHc
  COONa)(CH V COONa)(CHc

3330

3330  

 

=  + lg  —————————— =  + lg   =   

 

pH1 = pKd (CH3COOH) + lg
V(HCl)c(HCl)COOH)(CHVCOOH)(CHc
V(HCl)c(HCl)COONa)(CHVCOONa)(CHc

3130

3130




= 

 

=  + lg  —————————— =  + lg   =   

 

pH2 =pKd (CH3COOH) +lg
V(NaOH)c(NaOH)COOH)(CHVCOOH)(CHc
V(NaOH)c(NaOH)COONa)(CHVCOONa)(CHc

3230

3230




= 

 

=  + lg  —————————— =  + lg   =   

 

pH3 = pKd (CH3COOH) + lg
10COOH)(CHVCOOH)(CHc
10COONa)(CHVCOONa)(CHc

3330

3330




=   

 

=  + lg  —————————— =  + lg   =   
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Evaluation Table 

c0(CH3COOH) = _________ mole/L  c0(CH3COONa) = _________ mole/L 

c(HCl) = _________ mole/L   c(NaOH) = _________ mole/L 
 

№ 
Volume of solutions, L 

pH  

(calculated) 

pH 

(measured) 

CH3COONa CH3COOH HCl NaOH H2O pH0
(i) pHi pH0

(i) pHi 

1 1∙10−2 1∙10−2 1∙10−3 – –     

2 1,5∙10−2 5∙10−3 – 1∙10−3 –     

3 5∙10−3 1,5∙10−2 – – 0,200     

 

Conclusion 

a) compare measured and calculated values pH of acetate buffers before and after adding 

the solutions of electrolytes__________________________________________________ 

________________________________________________________________________; 

b) what is effect of addition strong acid and base to the buffer solution and diluting of 

buffer solution? ___________________________________________________________ 

_____________________________________________________________________ 

 

LABORATORY WORK 6 

«DETERMINATION OF BUFFER CAPACITY OF ACETATE BUFFER 

SOLUTION» 

Purpose: to determine the buffer capacity of acetate buffer.  

The essence of the method 

Buffers are important in many areas of chemistry. When the pH must be controlled 

during the course of a reaction, the solutions are often buffered. This is often the case in 

biochemistry when enzymes or proteins are being studied. Our blood is buffered to a pH of 

7.4. Variations of a few tenths of a pH unit can cause illness or death. Acidosis is the 

condition when pH drops too low. Alkalosis results when the pH is higher than normal.  
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There is a limit to the amount of acid or base that can be added to a buffer solution 

before one of the components is used up. This limit is called the buffer capacity and is 

defined as the moles of acid or base necessary to change the pH of one liter of solution by 

one unit. Buffer capacity is measured in mmol/L and calculated by equation: 

ΔpHsolution)V(buffer

V(acid)acid
z
1c

Вa 









 ;   
ΔpHsolution)V(buffer

V(base)base
z
1c

Вb 









 , 

where aB  – is buffer capacity of acid; bB  – is buffer capacity of base; ΔpH – the change of 

pH after adding acid or base, V (acid) – volume of acid solution, V (base) – volume of 

base solution, V (buffer solution) – volume of buffer solution, 





 acid

z
1c  – normality of the 

acid solution, 





 base

z
1c  – normality of the base solution. 

Required Reagents and Equipment 

Acetic acid solution 

Sodium acetate solution 

Hydrochloric acid solution 

Sodium hydroxide solution 

Distilled water 

25 mL beaker (2) 

Glass stick 

pH–meter  

25 mL burettes (4) 

The operation process 

1. Rinse a clean 25 mL burette with the 0,01 mole/L sodium acetate solution. Fill the 

burette with 0,01 mole/L sodium acetate solution to the zero mark using a beaker. 

Clamp the burette to a stand. 

2. Rinse a clean 25 mL burette with the 0,01 mole/L acetic acid solution. Fill the burette 

with 0,01 mole/L acetic acid solution to the zero mark using a beaker. Clamp the 

burette to a stand. 

3. Prepare two buffer solutions (10 mL) by mixing of equal volumes of acetate acid and 

sodium acetate solutions in the 25 mL beakers.  

4. Use the pH-meter to measure the pH of the two buffer solutions (pH0). Don’t pour out 

the buffer solutions.  

 4.1. Place the tip of the sensing and reference electrodes in the buffer. It does not 

matter which buffer you do first.  



 21

 4.2. Appropriate pH value will appear on the display. 

 4.3. Rinse the tip of electrodes with distilled water.  

5. Rinse a clean 25 mL burette with the 0,1 mole/L hydrochloric acid solution. Fill the 

burette with 0,1 mole/L hydrochloric acid solution to the zero mark using a beaker. 

Clamp the burette to a stand.  

6. Add HCl solution to the first beaker with buffer solution till pH changes for one unit 

(pH1) under constant stirring. 

7. Rinse a clean 25 mL burette with the 0,1 mole/L sodium hydroxide solution. Fill the 

burette with 0,1 mole/L sodium hydroxide solution to the zero mark using a beaker. 

Clamp the burette to a stand. 

8. Add NaOH solution to the second beaker with buffer solution till pH changes for one 

unit (pH2) under constant stirring.  

7. The results should be noted down to the Evaluation Table.  

Evaluation 

Calculate buffer capacities of acetate buffer using formulas below and note down the 

results to the Evaluation Table. 







ΔpHsolution)V(buffer
V(HCl)c(HCl)ВHCl

———————— =           mole/L =        mmole/L 

 







ΔpHsolution)V(buffer
V(NaOH)c(NaOH)ВNaOH

———————— =      mole/L =        mmole/L 

Evaluation Table 

c(CH3COOH) = _________ mole/L  c(CH3COONa) = _________ mole/L 

c(HCl) = _________ mole/L   c(NaOH) = _________ mole/L 

 

№ 
Volume of solutions, L pН of buffer 

solution 
Вa, 

Вb, 

mmole/L CH3COONa CH3COOH Buffer 
solution HCl NaOH рН0 pНi ΔрН 

1 5∙10−3 5∙10−3   –     

2 5∙10−3 5∙10−3  –      
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Conclusion 

The buffer acetate buffer capacity of acid is ____________________ and the acetate 

buffer capacity of base is ________________________ 

 

LABORATORY WORK 7 

«INFLUENCE OF SODIUM THIOSULFATE CONCENTRATION ON THE RATE 

OF THIOSULFURIC ACID DECOMPOSITION»  

Purpose: to calculate the rate of reaction; to determine the decomposition rate 

depending on its concentration.  

The essence of the method 

Chemical kinetics, also called reaction kinetics, is the study of reaction rates in 

chemical reactions. We make use of the principles of chemical kinetics in many aspects of 

everyday life. In this laboratory work, we’ll examine the effects of concentration. 

Reactions proceed faster at higher concentrations because more reactant molecules are 

available and therefore collisions between reactant molecules are more likely. 

Sulfuric acid reacts with sodium thiosulfate with formation of thiosulfuric acid 

according following steps:  

Na2S2O3 + H2SO4 = H2S2O3 + Na2SO4 (fast) 

H2S2O3 = S+ SO2+ H2O (comparatively slow) 

According to the chemical kinetics, in case of multi-step reactions, each step will occur at 

its own distinctive rate. If one step takes place much more slowly than all other steps, it 

will definitely control the overall reaction rate. The slowest step is called rate determining 

step. Sulfuric acid concentration remains constant in all experiments, so estimation of 

conditional reaction rate should be done according to the change in sodium thiosulfate 

concentration.  

Required Reagents and Equipment 

Sodium thiosulfate solution Test tubes (3) 

Sulfuric acid solution Distilled water 

Stop-watch  

25 mL burettes (3) 

Glass stick 

Test tube rack 
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The operation process 

1. Rinse a clean 25 mL burette with the 0,1 mole/L sodium thiosulfate solution. Fill the 

burette with 0,1 mole/L sodium thiosulfate solution to the zero mark using a beaker. 

Clamp the burette to a stand. 

2. Rinse a clean 25 mL burette with the 1 mole/L sulfuric acid solution. Fill the burette 

with 1 mole/L sulfuric acid solution to the zero mark using a beaker. Clamp the burette 

to a stand.  

3. Rinse a clean 25 mL burette with distilled water. Fill the burette with distilled water to 

the zero mark using a beaker. Clamp the burette to a stand.  

4. Transfer the noted in Evaluation Table volumes of sodium thiosulfate solution, sulfuric 

acid solution and distilled water from burettes to three test tubes. Mix the contents of 

test tubes. 

5. After mixing of all components measure time when the turbidity arises by means of the 

stop-watch for each test tube.  

6. The results should be noted down to the Evaluation Table.  

Evaluation 

1. Calculate molarity of Na2S2O3 in prepared solutions according to the following formula 

and note down the results to the Evaluation Table: 

       
 mixtureV

OSNaVOSNaсOSНсOSNaс
i

322i322o
322i322i


 , 

where: с0(Na2S2O3) – initial molarity of Na2S2O3 solution, mole/L; Vi(Na2S2O3) – volume 

of Na2S2O3 solution; Vi(mixture) – total volume of mixed reagents. 

)SO(HVO)(HV)OS(NaV(mixture)V 42i2i322ii  , L 

(mixture)V1  

(mixture)V2  

(mixture)V3  

       
  




mixtureV
OSNaVOSNaсOSНсOSNaс

1

3221322o
32213221  ———————— =           mole/L 

       
  



mixtureV

OSNaVOSNaсOSНсOSNaс
2

3222322o
32223222  ———————— =    mole/L 
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mixtureV
OSNaVOSNaсOSНсOSNaс

3

3223322o
32233223  ———————— =    mole/L 

Evaluation Table 

N V (solution), mL Time of turbidity 
arising (τ), sec 

Obtained concentration of 
Н2S2O3, mole/L 

Na2S2O3 Н2O Н2SO4 
1 1 4 5   

2 3 2 5   

3 5 0 5   
 

2. Calculate values of conditional reaction rates ( ) according to the following formula: 


1

1 τ
1υ  ————— =   sec–1 


2

2 τ
1υ  ————— =  sec–1 


3

3 τ
1υ  ————— =   sec–1 

3. Plot the graph ))(( 322 OSNacf  and make conclusions about dependence obtained. 

 , sec−1 

 
             
             
             
             
             
             
             
             
             
             
             

         с(Na2S2O3), mole/L 
 

Conclusion 

The decompositions rate of the H2S2O3 is _______________versus increasing of its 

molarity. 
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LABORATORY WORK 8 

«COMPLEX COMPOUNDS» 

Purpose: to prepare the copper complex, iron complex and calcium complex.  

The essence of the method 

All organisms, plants and animals, are made up of cells, where chemical reactions 

take place. Of all the molecules making up the cells we consider a particular group: the 

complexes or coordination compounds, which are built up from metal cations and ligands.  

Around 1930 one begun to find out, that small amounts of many metallic elements – 

today named «trace elements» are vital for the health of plants and animals. Among these 

elements are aluminum, vanadium, chromium, manganese, cobalt, nickel, copper, tin, 

selenium, boron, lead and others. In general, the sum of these metals makes up less than 1 

per thousand of the weight of the individual but they are essential for the transport of 

matter within the organism and for the enzymes, the catalysts of metabolism. Many 

biologically important compounds are coordination compounds (complexes). Chlorophyll, 

haemoglobin and vitamin B12 are coordination compounds of magnesium, iron and cobalt 

respectively etc. The coordination compounds are finding extensive applications in 

analytical chemistry and medicinal chemistry.  

Required Reagents and Equipment 

Copper (II) sulfate solution Potassium thiocyanate solution 

Ammonia solution Calcium chloride solution 

Iron (III) chloride solution Ammonia oxalate solution 

Test tubes (3) Test tube rack 

Ethylenediaminetetraacetic acid disodium salt dihydrate 

The operation process 

Test 1. Cationic complex preparation 

Transfer 4–5 drops of copper (II) sulfate solution to a clean test tube and add a few drops 

of ammonia solution.  

Observation:  

a) precipitate of copper (II) hydroxosulfate is formed and its color is ______________ 

b) precipitate is dissolved in excess ammonia solution and color of formed solution is 

________________________________________________________________________ 



 26

Write the molecular equation for reaction of formation and dissolving of precipitate:  

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________

________________________________________________________________________ 

Test 2. Anionic complex preparation 

Transfer 2–3 drops of iron (III) chloride solution to a clean test tube and add 1–2 drops of 

potassium thiocyanate solution.  

Observation: complex salt K[Fe(NCS)4(H2O)2] is formed and its color is _____________ 

Write the molecular equation for reaction: 

________________________________________________________________________

________________________________________________________________________ 

Test 3. Chelate complex preparation 

Transfer 4–5 drops of calcium chloride solution to a clean test tube and add 2–3 drops of 

ammonia oxalate solution.  

Observation: precipitate of calcium oxalate is formed and its color is_________________ 

Write the molecular equation for reaction:  

________________________________________________________________________

________________________________________________________________________ 

Add ethylenediaminetetraacetic acid disodium salt dihydrate Na2H2Y∙2H2O to dissolving 

of precipitate of calcium oxalate. Write the molecular equation for reaction:  

________________________________________________________________________
________________________________________________________________________ 
 

LABORATORY WORK 9 

«SOLUBILITY PRODUCT CONSTANT. THE CONDITIONS OF PRECIPITATE 

FORMATION» 

Purpose: to determine the conditions of precipitate formations.  

The essence of the method 

In general, when ionic compounds dissolve in water, they go into solution as ions. 

When the solution becomes saturated with ions, that is, unable to hold any more, the 
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excess solid settles to the bottom of the container and an equilibrium is established 

between the undissolved solid and the dissolved ions: 

AmBn mAn+ + nBm−. 

The solubility product constant, Ksp, is the constant for the equilibrium established 

between a solid solute and its ions in a saturated solution: 

Ksp (AmBn) = [An+]m ∙ [Bm−]n. 

The Ksp for a salt can essentially tell you if precipitation will occur under conditions of ion 

concentration.  

If we have a given set of concentration conditions we can calculate a solubility 

quotient, Qc, and compare it to the Ksp. The solubility quotient (often called the ion 

product) has the same form as the solubility constant expression, but the concentrations of 

the substances are not necessarily equilibrium values. Rather, they are the concentrations 

at the start of the reaction. To predict the direction of the reaction, you compare Qc with 

Kc. 

Precipitation should occur if Q > Ksp.  

A solution is just saturated if Q = Ksp.  

Precipitation cannot occur if Q < Ksp. 

Required Reagents and Equipment 

Lead nitrate solution Test tubes (2) 

Potassium chloride solution Distilled water 

Potassium iodide solution Test tube rack 

The operation process 

1. Transfer 4 drops of the 0,001 mole/L Pb(NO3)2 solution to two clean test tubes. 

2. Add 4 drops of the 0,05 mole/L KCl solution to the first test tube. 

3. Add 4 drops of the 0,05 mole/L KI solution to the second test tube. 

4. The observations should be noted down to the Evaluation Table.  

Evaluation 

1. Write the formation reactions for salts PbCl2 and PbI2 in the ionic and molecular forms: 

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________
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____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________ 

2. Calculate the molarity of Pb2+, Cl–, I− in obtained solutions using the next formula:  

c(x)·V(solution)= c1(x)·V1(solution) 

where c(x) – initial molarity of reagent in solution; c1(x) – resulting molarity of reagent in 

obtained solution; V(solution) – volume of the solution with initial molarity c(x); 

V1(solution) – volume of the solution with molarity c1(x).  

(solution)V
)V(solutionc(x)(x)c

1
1


 ; 

c(Рb(NO3)2 = 0,001 mole/L; c(KCl)= 0,05 mole/L; c(KI)= 0,05 mole/L. 

V(solution) for all reagents is 0,4 mL or 4∙10-4 L. 

V1(solution) = V(solution) + V(solution) = 4∙10-4 L + 4∙10-4 L =8∙10-4 L. 
 

c(Рb2+) = —————————— =    mole/L 
 
c(Cl−) = —————————— =    mole/L 

 
c(I−) = —————————— =    mole/L 

 

3. Calculate the Q(PbCl2) and Q(PbI2) and note down to the Evaluation Table: 

 
Q(PbCl2) = [Pb2+]∙[Cl–]2 =                                                   

 
Q(PbI2) = [Pb2+]∙[I–]2 =                                                        

Evaluation Table 

Electrolyte c0(x), mole/L V0(x), mL Observation Ksp, mole3/L3 Q, mole3/L3 
Рb(NO3)2 0,001 0,4    

KCl 0,05 0,4    

KI 0,05 0,4    

PbCl2    1,7∙10−5  

PbI2    8,7∙10−9  

 



 29

4. Compare Q (PbCl2) and Ksp (PbCl2), Q (PbI2) and Ksp (PbI2), than make conclusions 

about formation of precipitate.  

Conclusion 

a) precipitate of PbCl2 is ______________ because Q (PbCl2) __________ Ksp (PbCl2);  

b) precipitate of PbI2 is _______________ because Q (PbI2) __________ Ksp (PbI2). 

 

LABORATORY WORK 10 

«DETERMINATION OF STANDARD OXIDATION-REDUCTION POTENTIAL» 

Purpose: to determine the standard oxidation-reduction potential.  

The essence of the method 

Oxidation-reduction reactions take place in the human organism on different levels 

including a cell. Electrochemical processes are widely used in scientific research. Methods 

of electrochemistry such as potentiometry, polarography, as well as methods used for the 

determination of different ions concentration are widely adopted in medical practice.  

In an electrochemical cell, an electric potential is created between two dissimilar 

metals. This potential is a measure of the energy per unit charge which is available from 

the oxidation/reduction reactions to drive the reaction. It is customary to visualize the cell 

reaction in terms of two half-reactions, an oxidation half-reaction and a reduction half-

reaction.  

Reduced species → oxidized species + ne−; 
 

Oxidized species + ne− → reduced species. 
 

The cell potential, Ecell, (often called the electromotive force or EMF) has a 

contribution from the anode which is a measure of its ability to lose electrons − it will be 

called its «oxidation potential». The cathode has a contribution based on its ability to gain 

electrons, its «reduction potential».  

Ecell = oxidation potential + reduction potential. 

Required Reagents and Equipment 

K3[Fe(CN)6] solution Distilled water 

K4[Fe(CN)6] solution pH-meter 

25 mL burettes (2) Beakers (3) 
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The operation process 

1. Rinse a clean 25 mL burette with the 0,01 mole/L K3[Fe(CN)6] solution. Fill the burette 

with 0,01 mole/L K3[Fe(CN)6] solution to the zero mark using a beaker. Clamp the 

burette to a stand. 

2. Rinse a clean 25 mL burette with the 0,01 mole/L K4[Fe(CN)6] solution. Fill the burette 

with 0,01 mole/L K4[Fe(CN)6] solution to the zero mark using a beaker. Clamp the 

burette to a stand. 

3. Transfer the noted in Evaluation Table volumes of K3[Fe(CN)6] and K4[Fe(CN)6] from 

burettes to three beakers. Mix the contents of beakers. 

4. Use the pH-meter to measure electromotive force (EMF or Ecell) of the three solutions. 

 4.1. Place the tip of the sensing and reference electrodes in the solution. It does 

not matter which solution you do first.  

 4.2. Appropriate EMF value will appear on the display. 

4.3. Rinse the tip of electrodes with distilled water. 

5. The results should be noted down to the Evaluation Table.  

Evaluation 

1. Calculate the oxidation-reduction potential of systems (in Volt) using the following 

formula and note down the results to the Evaluation Table: 

,ЕE sccell)])(/([])(([ 4
6

3
6

 CNFeCNFeE  where Еsc = 0,222 V.  

It should be noted that SC means silver chloride electrode.  

)])(/([])(([1 4
6

3
6

 CNFeCNFe
E  =      =   

 

)])(/([])(([2 4
6

3
6

 CNFeCNFe
E  =       =   

 

)])(/([])(([3 4
6

3
6

 CNFeCNFe
E  =       =   

 
2. Calculate the standard oxidation-reduction potential using Nernst’s equation: 

 
 



 


4
6

3
6

)])(/([])(([)])(/([])(([
0

]Fe(CN)[
]Fe(CN)[lg059,0

4
6

3
6

4
6

3
6 c

c
n

EE CNFeCNFeCNFeCNFe , 

where c ([Fe(CN)6]3–) = 
(solution) V

])[Fe(CN)(K V])[Fe(CN)(K с 6363
o 

; 
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с ([Fe(CN)6]4-) = 
(solution) V

])[Fe(CN)(K V])[Fe(CN)(K с 6464
o 

; 

n  is the number of electrons in oxidation-reduction reaction, so n  =_____ , 

c0 (x) – initial concentration of reagent.  
 

с1(K3[Fe(CN)6]3−)∙= ———————————————————— =    V 

 
с2(K3[Fe(CN)6]3−)∙= ———————————————————— =    V 

 
с3(K3[Fe(CN)6]3−)∙= ———————————————————— =    V 

 
с1(K3[Fe(CN)6]4−)∙= ———————————————————— =    V 

 
с2(K3[Fe(CN)6]4−)∙= ———————————————————— =    V 

 
с3(K3[Fe(CN)6]4−)∙= ———————————————————— =    V 
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The results should be noted down to the Evaluation Table. 

 
3. Calculate the average value of E0:  
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Evaluation Table 

mL],[Fe(CN)V(K
mL],[Fe(CN)V(K

64

63  Ecell, V V,4636 ])(/([])(([  CNFeCNFei
E  V,)])(/([])(([

0 4636  CNFeCNFeE  

2/18    

10/10    

18/2    

 

Conclusion 

The value of standard oxidation-reduction potential )])(/([])(([
0 4636  CNFeCNFeE  is ________ 

 

LABORATORY WORK 11 

«QUANTITATIVE DEFINITION OF CA2+ IONS BY ION–EXCHANGE 

ABSORPTION» 

Purpose: to determine quantitative contents of ion Ca2+ in solution using ion-

exchange absorption.  

The essence of the method 

Ion exchange is of particular importance for human beings since it is one of the 

intermediatory stages in the chain of complex biochemical and physiological processes. 

Ionites (ion exchangers) have found a wide application in medicine. In particular they are 

used to demineralize water, make ionite milk, preserve blood, determine acidity of gastric 

juices without exploring a probe, etc. In pharmacy ionites (ion exchangers) help to 

concentrate and purify antibiotics, extract alkaloids from plants, some ionites (ion 

exchangers) are also used as medicines to bind toxic substances and toxins in 

gastrointestinal tract.  

Required Reagents and Equipment 

Calcium chloride solution Sodium hydroxide solution 

Cationite (cation exchanger) 25 mL burette 

100 mL conical flask Column for the ionite (ion exchanger) 

Distilled water Phenolphthalein indicator solution 

The operation process 



 33

1. Place the sample of CaCl2 solution into the column containing a cationite (cation 

exchanger) in H+–form. At first remove some of the distilled water covering the 

cationite (the water is needed to avoid contact of the cationite with air) in the column.  

2. Turn the stopcock (tap) in the column to let the liquid drop from the column into the 

conical flask. Make sure the cationite (cation exchanger) is always covered by the 

liquid. 

3. Rinse the conical flask containing the analyzed solutions 2–3 times with small amounts 

of distilled water and pass these portions through column again. 

4. Rinsing waters have to be collected in the same conical flask where all eluate was 

collected. 

5. Add 15–20 mL of distilled water to the column and collect the eluate again in the same 

flask.  

6. On finishing the experiment close the tap and put some more distilled water into the 

column. 

7. Add 2–3 drops of phenolphthalein indicator solution to the flask with collected eluate. 

8. Rinse a clean 25 mL burette with the 0,1 mole/L sodium hydroxide solution. Fill the 

burette with 0,1 mole/L sodium hydroxide solution to the zero mark using a beaker. 

Clamp the burette to a stand.  

9. Titrate collected eluate adding 0,1 mole/L NaOH solution from burette till endpoint 

will reached (for phenolphthalein, the endpoint is the first permanent pale pink that 

fades in 10 to 20 minutes).  

10.  When you complete the titration, you’ll determine the amount of solution you have 

added. Read the value by placing your eye at the level of the solution and reading the 

value at the bottom of the meniscus. 

11.  The results should be noted down to the Evaluation Table.  

Evaluation Table 

c (NaOH), mol/L V (NaOH) 
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Evaluation 

Mass of Ca2+ (in grams) in the analyzed solution must be calculated according to the 

formula:  

m(Ca2+) = c(NaOH)∙ V (NaOH)∙M 





 2Ca

2
1 ; 

M 





 2Ca

2
1  = M  2Ca ·

2
1 .  

M (Ca2+) =  

Conclusion 

Mass of Ca2+ in the analyzed solution is ________________________________________ 

 

LABORATORY WORK 12 

«SEPARATION OF AMINO ACIDS MIXTURE USING PAPER 

CHROMATOGRAPHY» 

Purpose: to perform paper chromatography of a mixture of amino acids; according to 

the calculated values of distribution coefficients, to determine amino acids in analysis 

mixture. 

The essence of the method 

Chromatography covers physical-chemical methods of separation and analysis of 

mixtures of gases, vapor, liquids or dissolved substances. They are used to separate the 

mixtures of materials into the individual species. They work because of the differences in 

distribution of mixture components between the mobile phase and stationary phase, when 

the mixture is moved through the stationary phase, the layer of the sorbent. Components of 

the analyzed mixture are not equally adsorbed on the sorbent; compounds with the higher 

affinity to the sorbent will be sorbed more strongly and stay for longer on the sorbent, 

therefore the speed of their moving with the mobile phase is lower. Stationary phase – the 

sorbent – can be liquid or solid. Mobile phase (the gas or liquid passing the layer of the 

sorbent) performs the role of solvent and carrier of analysis mixture.  

The compositions of the stationary and mobile phases define a specific 

chromatographic method. Indeed, many different combinations are possible.  

 



 35

Required Reagents and Equipment 

Chromatography paper Mixture of amino acids 

Ninhydrin solution Chromatographic chamber 

Pencil Ruler 

The operation process 

1. Mark by a pencil the line (starting line) at 2–3 cm from the top of chromatography 

paper and then place a drop of the sample of amino acids mixture on this line.  

2. Let the paper dry for several minutes.  

3. Place 3–4 mL of the solvent (mixture of phenol with water) into the chromatographic 

chamber. Then the end of the paper having the drop should be placed in the solvent. 

Make sure the solvent doesn’t touch the spot on the paper. Close up the 

chromatographic chamber.  

4. As soon as the solvent rises as high as 16–18 cm up on the paper, take out the paper 

from the chromatographic chamber and fix the line the solvent reached by pencil 

(finishing line) and let the paper dry. 

5. Spray the paper with ninhydrin solution, and then dry it at 50–60 °C. 

6. When the purple rings develop on the paper, their number tells, how many amino acids 

were in analysis mixture.  

7. Measure the way of each amino acid, i.e. the distance from the starting line to the 

middle of colored ring (Xi), and the way of solvent, i.e. the distance from starting line 

to finishing line (X0).  

8. The results should be noted down to the Evaluation Table.  

Evaluation 

1. Calculate the distribution coefficient Rf for each of the amino acids using the formula 

2

1
f X

XR   and note down the results to the Table. The Rf value for a component is 

defined as the ratio of the distance moved by that particular component divided by the 

distance moved by the solvent.  

 


0

1
f(1) X

XR  ————— = 
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0

2
f(2) X

XR  ————— = 

Evaluation Table 

Distance passed by the amino acid 
Xi, cm 

Distance passed by the solvent 
X0, cm Rf 

   

  

 

2. Compare calculated Rf with the reference data (Reference Table) and then identify the 

amino acids in sample.  

Reference Table 

Amino acid Rf Amino acid Rf 
Asparagine 0,07 Arginine 0,41 
Glutamine 0,16 Tyrozine 0,52 
Cysteine 0,19 Alanine 0,55 
Glycine 0,03 Leucine 0,79 

Methionine 0,30   
 

Conclusion 

Sample of the amino acids consist of __________________________________________ 

 
LABORATORY WORK 13 

«SEPARATION OF DYES MIXTURE USING THIN LAYER 

CHROMATOGRAPHY» 

Purpose: to perform thin layer chromatography of a mixture of dyes. 

The essence of the method 

Thin layer chromatography is a method for analyzing mixtures by separating the 

compounds in the mixture. Thin layer chromatography can be used to help determine the 

number of components in a mixture, the identity of compounds, and the purity of a 

compound. The mixture of dyes separated through thin layer chromatography on «Silufol» 

plates. The dyes travel up the chromatography paper at different distances before they 

cannot remain in solution. The more soluble dyes move further up than the less soluble 

ones, hence separating from each other.  
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Required Reagents and Equipment 

«Silufol» plate Chromatographic chamber 

Crystal violet dye Pencil 

Sudan (III) dye Ruler 

The operation process 

1. Mark the line by a pencil (starting line) at 1–1,5 cm from the top of «Silufol» plate.  

2. Place drop of the mixture of crystal violet dye and sudan III dye on starting line.  

3. Place 3–4 mL of the chloroform (or toluene) into the chromatographic chamber.  

4. The end of the «Silufol» place in the solvent. Make sure the solvent doesn’t touch the 

spot on the paper. Close up the chromatographic chamber. 

5. As soon as the solvent rises as higher as possible up on the «Silufol» plate, take out the 

«Silufol» plate from the chromatographic chamber. 

6.  Fix the line the solvent reached by pencil (finishing line) and let the «Silufol» plate dry.  

7. Compare the color of colored ring of investigated mixture with the color of colored 

rings of the crystal violet dye and sudan III dye.  

8. Make conclusion about the composition of mixture.  

Evaluation 

Investigated mixture form the colored ring on the «Silufol» plate ant its color is 

________________________________________________________________________ 

Sudan III dye form the colored ring on the «Silufol» plate ant its color is 

________________________________________________________________________ 

Crystal violet dye form the colored ring on the «Silufol» plate ant its color is 

________________________________________________________________________ 

Compare the distances passed by the Sudan III dye and Crystal violet dye 

________________________________________________________________________

____________________________________________________________________ 

Conclusion 

Investigated mixture consist of _______________________________________________ 
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LABORATORY WORK 14 

«PREPARATION, PURIFICATION AND PROPERTIES OF COLLOIDS 

SOLUTIONS» 

Purpose: to perform methods of preparation and purification of colloids solutions; 

to determine the charge of colloid particles.  

The essence of the method 

A colloid, also called a colloidal dispersion, is a two-phase heterogeneous mixture 

that is made up of a dispersed phase of tiny particles that are distributed evenly within a 

continuous phase. The most important biological fluids such as blood, urine and spinal 

fluid contain slightly soluble substances in colloid state: cholesterol, carbonates, 

phosphates, urates, and salts of other acids. 

 

 

 

 

 

 

 

 

 

Required Reagents and Equipment 

Solution of iron chloride (III) 10 mL pipettes (3) 

Solution of argentum nitrate 50 mL beakers (2) 

Solution of potassium iodide Cylinder 

Solution of potassium hexacianoferate (II) Test tubes (4) 

Distilled water U-similar tube 

The operation process 

Test 1. Preparation of argentum iodide sol. 

1. Rinse pipette with 0,02 mole/L potassium iodide solution, then pipette 10 mL sample to 

the test tube.  

2. Add some drops of the argentum nitrate solution (c(AgNO3) = 0,01 mol/L). 

Everyday Colloids and Suspension 
• The protoplasm that makes up our cells is a complex colloid that comprises a 

dispersed phase of proteins, fats, and other complex molecules in a continuous 
aqueous phase. 

• Detergents are surfactants (surface-active agents). 
• Photographic film. 
• Many common foods, including nearly all dairy products, are colloids or 

suspensions. 
• Toothpaste, shaving gel, cosmetic creams and lotions, and similar personal-care 

products are colloids. 
• Flocculants. 
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3. Observe and describe the Tyndall effect: for this purpose it is necessary to observe 

reflecting a beam of light through the colloid sideways: 

________________________________________________________________________

_____________________________________________________________________ 

Test 2. Preparation of «Berlin blue».  

1. Rinse pipette with of iron chloride (ІІІ) solution (weight percent  = 0,001), then 

pipette 10 mL sample to the test tube.  

2. Add 3 drops of potassium hexacyanoferrate (II) solution (weight percent  = 0,001). 

Don′t pour out the formed sol! 

Observation: _____________________________________________________________ 

Write reaction: ___________________________________________________________ 

Write the formula of the colloidal micelle of sol: 

 
 
 
3. Rinse pipette with of potassium hexacyanoferrate (ІІ), then pipette 10 mL sample to the 

test tube. 

4. Add 3 drops of the iron (ІІІ) chloride solution. Don’t pour out the formed sol! 

Observation: _____________________________________________________________ 

Write reaction: ___________________________________________________________ 

Write the formula of the colloidal micelle of sol: 

 
 
 

Test 3. Preparation of the sol of iron (III) hydroxide.  

1. Measure exactly 20,0 mL of the distilled water into 50 mL beaker.  

2. Add approximately 2 mL of the iron (III) chloride solution (weight percent  = 0,02). 

3. Boil the solution until red-brown coloring is observed.  

4. Cool the sol.  

Write reaction: ____________________________________________________________ 

Write the formula of the colloidal micelle of sol (notice, that potential determining ions is 

FeO+):  
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Test 4. Purification of the sol by a dialysis method  

1. Fill the 50 mL beaker with distilled water on 1/3 of its volume.  

2. Pour sol of iron hydroxide in dialyzer and place it in a beaker with water. 

3. In half an hour using pipette transfer 1–2 mL of a solution from a beaker to the test 

tube. 

4. Add 5–6 drops of argentum nitrate solution to the test tube. 

Observation: _____________________________________________________________ 

Write reaction: ___________________________________________________________ 

Conclusion: ______________________________________________________________ 

Test 5. Determine a charge of colloidal particles by electrophoresis method. 

1. Fill a U-similar tube on 3/4 of its volume by a colloid solution (prepared in 

experiment 2). 

2. Connect electrodes with power unit. 

3. Let down electrodes in both tube bends. 

4. Connect a power unit to a current network. 

5. In 1–2 minutes notice the color of sol in both tube bends:  

near anode _______________________________,  

near cathode ___________________________ 

6. Determine a charge of colloidal particles:  

________________________________________________________________________

________________________________________________________________________ 

 
LABORATORY WORK 15 

«DETERMINATION OF A COAGULATION THRESHOLD»  

Purposes: to determinate coagulation threshold of sol.  

The essence of the method 

Coagulation is the collecting into a mass of minute particles of a solid dispersed 

throughout a liquid (a sol), usually followed by the precipitation or separation of the solid 

mass from the liquid. The casein in milk is coagulated (curdled) by the addition of acetic 



 41

acid or citric acid. The albumin in egg white is coagulated by heating. The clotting of 

blood is another example of coagulation. Coagulation usually involves a chemical 

reaction. The lowest concentration of a substance, electrolyte, or nonelectrolyte that brings 

about coagulation in a system with a liquid dispersion medium is called the coagulation 

threshold. 

Required Reagents and Equipment 

Potassium hexacyanoferrate (III) solution 25 mL burettes (2) 

Potassium dichromate solution Test tubes (2) 

Sol of iron (ІІІ) hydroxide 5 mL pipette 

The operation process 

1. Rinse a clean 25 mL burette with the 2 mmole/L (normality) potassium 

hexacyanoferrate (III) solution. Fill the burette with 2 mmole/L potassium 

hexacyanoferrate (III) solution to the zero mark using a beaker. Clamp the burette to a 

stand. 

2. Rinse a clean 25 mL burette with the 2 mmole/L (normality) potassium dichromate 

solution. Fill the burette with 2 mmole/L potassium dichromate solution to the zero 

mark using a beaker. Clamp the burette to a stand. 

2. Using the pipette transfer 5 ml of iron (III) hydroxide sol to two test tubes.  

3. Add potassium chromate dropwise to the first test tube until the iron hydroxide sol starts 

to coagulate.  

4. Add potassium hexacyanoferrate (III) dropwise to the second test tube until the iron 

hydroxide sol starts to coagulate.  

5. When you complete, you’ll determine the amount of solutions you have added. Read the 

value by placing your eye at the level of the solution and reading the value at the 

bottom of the meniscus.  

6. The results should be noted down to the Evaluation Table.  

Evaluation 

1. Calculate the coagulation threshold of electrolytes (in mmole/L) using the formula 

below and note down the results to the Evaluation Table: 

     
   XVsolV

XVXcXс Z
1

Z
1

c 


 . 
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2. Calculate coagulation ability of electrolytes (in L/mmole) using the formula below and 

note down the results to the Evaluation Table: 
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3. Calculate relative coagulation ability of electrolytes: 


)OCr(KV

])[Fe(CN)(KV

722c

63c
 ——————— = 

Evaluation Table 

Electrolytes с( XZ
1 ), 

mmole/L 

Volume of 
solution 

electrolytes 
V(Х), L 

Coagulating 
ion 

Coagulation 
threshold,  







 X

z
1cc  

mmole/L 

Coagulation 
ability, 
Vc(Х), 

L/mmole 

К2Cr2O7      

K3[Fe(CN)6]      
 

Conclusion 

Coagulation ability оf K3[Fe(CN)6] _____________ than coagulation ability of К2Cr2O7. 
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Common Logarithm Table 

 
 
 



 44

Common Logarithm Table continuation 

 
 



 

 

 
 

 

 



 

 

 


