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Experiment (1)  

Safety and Equipment 

 

    Safety rules 

1. Always wear laboratory coat and safety glasses (goggles).   

2. Do not work in a laboratory if no lecturer or technician is present.  

3.  Never chew gum, eat, drink, or smoke in the laboratory.  

4. Never taste chemicals. Wash your hands well before leaving the laboratory.  

5. Do not wear scarves because they may accidently be ignited in the flame of a Bunsen 

burner.  

6. Girls with long hair should tie it back before entering the lab, it, too, may accidentally 

catch fire.  

7. Contact lenses should not be worn in the lab. 

8.  Note the position of safety equipment like fire extinguishers, eye washers, emergency 

showers, fire blanket and first aid boxes. Report all accidents immediately to a staff 

member or technician.  

 

 

 

 

 

 

 

fire blanket first aid box 

fire extinguisher 

eye washer with 

emergency shower 

Safety goggles 
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9. Read container labels carefully. 

10. Do not insert droppers into reagent bottles. Pour a small amount of the chemical into a 

beaker.  

11. Do not return any excess chemicals to the reagent bottles. 

12. Be careful about discarding away wastes. Always follow instructions.  

a. Do not dispose of solids into the sink.  

b. Do not leave glassware or any other solid materials, including filter papers, in the 

sink.  Put broken glassware into the labeled buckets.  

c. Some waste liquids must be stored into special bottles, not disposed of in the sink.  

 

13. Do not use your mouth to fill a pipette. There are special bulbs for this purpose. 

14. Use the fume hood when handling strong-smelling or irritating chemicals.  

15.  When heating anything in a test tube, do not point the mouth of the 

test tube towards yourself or towards any other person.  

16. Notify your lab instructor if there is a mercury spill due to a broken  

mercury thermometer. 

17.  Notify your lab instructor immediately of any injury, spill, fire, or explosion.  

18. Before leaving the laboratory turn off any water taps and burners and dispose of solid 

waste in the correct container. Also, wash all apparatus used and clean up the bench top.  

 

   

 

 

 

 

Fume hood 
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Read the following safety rules before going into the laboratory and abide by them. 

 

      Wear safety glasses at all times. Prescription glasses are adequate but contact 

lenses are not adequate. 

1- Always wear your laboratory coat.  Do not wear clothing that hinders free movement of 

your hands or hangs loose outside your laboratory coat. 

2- Do not work in a laboratory if no lecturer or technician is present. Read the experimental 

instructions carefully before starting the work.  Especially note any precautions that 

must be taken. 

3- Never eat, drink, or smoke in the laboratory.  Never taste chemicals.  Wash your hands 

well before leaving the laboratory. Also, wash your hands or any part of your body 

immediately with water when it comes in contact with chemicals. 

4- Do not use your mouth to fill a pipette. There are special bulbs for this purpose. 

5- Note the position of safety equipment like fire extinguishers, eye washers, and first aid 

boxes.  Report all accidents immediately to a staff member or technician. 

6- Use the fume hood when handling strong-smelling or irritating chemicals. 

7- Be careful about discarding away wastes.Always follow instructions.   

Do not dispose of solids into the sink. Do not leave glassware or any other solid 

materials, including filter papers, in the sink.  Put broken glassware into the labeled 

buckets. 

Some waste liquids must be stored  into special bottles, not disposed of in the sink.  A 

staff member or technician will help you. 

8- Do not leave a lit burner unattended. Always stay clear form the flame.  

9- When heating anything in a test tube, do not point the mouth of the test tube towards 

yourself or towards any other person. 

10- Before leaving the laboratory turn off any water taps and burners and dispose of solid 

waste in the correct container. Also, wash  all apparatus used and clean up the bench 

top. 

11- Keep your bench clean and tidy while you are working. Clean up any spills or broken 

glass immediately. Keep your books and papers away from water, chemicals, and flames. 

Position your apparatus on the bench so that it is convenient and comfortable to use. 

Keep unused equipment out of the way, so that you do not knock it over. 

12- If you are in any doubt about anything, ask the staff member or technician for advice. 

13- Request the assistance of your instructor/technician if and when you suffer a cut or a 

burn or face a dangerous situation.  
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SOME          LABORATORY      APPARATUS 

    
Beaker Büchner 

funnel 
Funnel Glass rod with platinum wire 

(for flame testing) 

     
Graduated 

cylinder 
Erlenmeyer 

flask 
Dropping 

bottle 
Test tubes 
 

Bunsen 
burner 

    
Stirring 

rod 
Dropper Safety glasses 

(Goggles) 
 

Test tube rack 

   

5
0

4
0

3
0

2
0

1
0

0

 
Plastic wash 

bottle 
 

Clamp holder Volumetric 
flask 

Burette 
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Tripod Condenser Stand Crucible Volumetric 
pipette 

   

Reagent 
bottle 

Pipette filler Burette clamp 
 

   

Test tube brush Metal spatula Test tube holder 

   

Ring clamp Ceramic square Forceps 
 

   

Wire gauze Watch glass Crucible tongs 
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Some Laboratory Apparatus  

Name picture use 

1. Beaker 

 

 Container, Running reactions, mixing chemicals, 

heating chemicals 

2. Erlenmeyer 

flask  

 

For  mixing,  heating,  cooling,  filtration, useful for 

titrations 

3. Graduated 

cylinder 

 For measuring the volume of liquids. 

4. Volumetric 

flask 

 

For precise  dilutions  and  preparation  of  standard 

solutions. 

5. Burette  

 

For accurately dispensing known amounts of liquid  

6. Pipette     To transport a measured volume of liquid 

Stopcock 

Pipette filler 
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7. Bunsen burner  

 

Heat source in the chemistry lab. 

8. Stand  

 

To hold various objects. 

9. Ring  

 

When attached to the ring stand, this iron ring is used 

to support glassware. 

10. Wire gauze   Used in conjunction with iron ring, supports the 

beaker flasks, or other glassware during heating 

11. Clamp  

 

When attached to the ring stand, this clamp is used to 

hold a test tube or flask or burette  

12. Funnel  

 

For filtering and for adding chemicals without 

spilling 

Clamp holder 
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13. Buchner funnel 

 

Funnel used for vacuum filtration 

14. Glass rod/ 

stirring rod 

 

For stirring chemicals 

15. Test tubes  

 

For mixing and heating chemicals and running 

reactions– smaller quantities than beakers and flasks. 

16. Test tube holder  

 

For transport, holding test tube in a flame or placing 

test tube in hot water bath 

17. Dropper 

 

For adding small amounts of chemicals – usually by 

drops 

18. Dropper bottle 

 

For the accurate dispensing of reagents one drop at a 

time 

19. Reagent bottle  

 

Contain chemicals in liquid and stored in cabinets or 

on shelves 
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20. Sample vial  

 

For storing small amounts of chemicals 

21. Crucible  

 

To strongly heat substances above a flame 

22. Clay triangle  

 

To hold a crucible above a flame – used in 

conjunction with iron ring 

23. Crucible tongs 

 

To transport hot crucibles and to remove their covers 

24. Spatula  

 

To Transfer materials and samples from one place to 

another. 

25. Weighing boat 

 

To weigh substances 

26. Watch glass 

 

To hold  solids  while  being  weighed,  as  a cover 

for a beaker, 

Crucible lid 
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27. Thermometer 

 

For measuring temperature. Alcohol have red bulbs, 

mercury have a silver colored bulb 

28. Wash bottle 

 

Squeeze sides to dispense distilled water 

Ex. for rinsing solids out of acontainer when filtering 

29. Brushes  
 
 

 

Used to clean and scrub glassware  

 

 

 

 

 

  

 

 

 

 

 

 

 

Bunsen burner 

Different flames 
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Using the graduated cylinder  
 

When water and other liquids are poured into a narrow glass tube such as a graduated cylinder, the 

surface of the water is curved, not flat. This curve is called a meniscus. As shown below: 

 

 

 

 

 

 

 

 

 

 

It is important when you read glassware used for measuring volumes of liquids that you keep your 

eye level with the meniscus, and use the bottom of the meniscus for your readings. 

 

 

 

 

 

 

 

 

 

 

 

 

incorrect 

incorrect 

correct 

meniscus 
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Trends of accuracy of tools: 

Pipette > burette > volumetric flask > graduated cylinder > beaker 

 

 

Uncertainty  

1. Digital equipment (example: digital balances) 

 

Uncertainty in a digital measuring device = ± the smallest increment 

                One decimal:  0.0   ± 0.1  

                Example: 3.5 g ± 0.1 

 

               Two decimals:  0.00  ± 0.01 

      Example: 3.29 g ± 0.01 

 

               Three decimals 0.000  ± 0.001  

               Example: 3.128 g ± 0.001 

 

 

2.  Graduated tools (example: graduated cylinder) 

Step 1: find the smallest division 

Step 2: find the uncertainty  

Uncertainty in a scale measuring device = ½ ± the smallest increment (division) 

Step 3: the number of decimal numbers in the measured volume should match the number of decimal 

numbers in the uncertainty.  

 

 

Uncertainty = ± ½* 0.1                                                                                                               

= ± 0.05 

                     

2.70 mL ± 0.05 

Must be added 

 

  

More accurate 

Top-loading balance 

Uncertainty = ± ½* 1 

= ± 0.5 

 

   43.0 mL ± 0.5 

       Must be added 

 

Uncertainty = ± ½* 2 = ± 1 

 

   48 mL ± 1 
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Experiment (2) 

Empirical Formula of a Compound 

 

PostLab 

 

1. What is the effect of Mg3N2 if it is not decomposed on the reported (Mg to oxygen) mole 

ratio? 

_____________________________________________________________________ 

 

2. Describe the effect of each of the following factors, whether increases, decreases, or has 

no effect on the reported value of (Mg to O) mole ratios:  

a. If carbon is deposited on the crucible’s surface (because of improper heating) and 

the crucible with contents is weighed without removing the carbon residue by further 

heating.  

_____________________________________________________________________ 

 

b. If the magnesium oxide ash is not dried completely.  

_____________________________________________________________________ 

 

c. If rapid oxidation of magnesium occurs by too much air, and some Mg is lost.  

_____________________________________________________________________ 

 

d. If air is not sufficient to react with all the magnesium.  

_____________________________________________________________________ 

 

3. Explain how magnesium nitride is formed during heating?  Write a chemical equation for 

its formation. 

___________________________________________________________________________ 

4. Explain, by a chemical equation, the effect of the added water in the decomposition of 

magnesium nitride.  

___________________________________________________________________________

___________________________________________________________________________ 
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Example 1: 

 

A mixture containing 40.00 g of Na3PO4.12H2O and 30.00 g of BaCl2.2H2O is dissolved in 

water. A precipitate of Ba3(PO4)2 weighing 22.65 g is produced. Calculate the % yield of 

Ba3(PO4)2(s) . 

(FM) of Na3PO4.12H2O = 380.2 g/mole; (FM) of BaCl2.12H2O = 244.2 g/mole. 

The net ionic equation is:  

 

3Ba2+  +    2PO4
3-          →          Ba3(PO4)2(s) 

mole PO4
3- = mole Na3PO4.12H2O = 40.00g /380.2 g mole-1 = 0.105 mole  

mole Ba2+ = mole BaCl2.2H2O = 30.00 g / 244.2 g mole-1 = 0.123 mole 

0.105 mole PO4
3- requires 0.105 x 3/2 = 0.185 mole Ba2+. Since we have only 0.123 mole of 

Ba2+, so the limiting reactant is Ba2+, and the reactant in excess is PO4
3-. 

 

The theoretical yield of product is calculated from the limiting reactant as follows:  

   mole Ba3(PO4)2 = moles Ba2+ x  1 mole Ba3(PO)2 

                  3 mole Ba2+  

   = 0.123 x  
3

1
 

   = 0.041 mole  

mass of   Ba3(PO4)2  = 0.041 mole x 602.2 g mole-1  =  24.69 g (this is the theoretical yield) 

% yield   = 
g

g

69.24

65.22
.  x 100 = 91.7 % 

 

Example 2: 

  

10.0 g of a unknown mixture containing Na3PO4.12H2O and BaCl2.2H2O is dissolved in 

distilled water. The mass of Ba3(PO4)2 precipitated  is 3.50 g. Calculate the % of each salt 

present in the mixture if BaCl2 is the limiting reactant?  

 

3Ba2+ + 2PO4
3-    →     Ba3(PO4)2(s) 

 

mole Ba3(PO3)2  =  
molg

g

/2.602

50.3
   =  5.81 X 10-3 mole  

 

mole Ba2+ = mole BaCl2.2H2O = 3 x  (mole Ba3(PO4)2)  

 

mole BaCl2.2H2O = 5.81 X 10-3 x 3 = 1.74 x 10-2 mole  

 

mass of BaCl2.2H2O = 1.74 x 10-2 mole X 244.2  g mole-1 = 4.25 g  

 

mass of Na3PO4.12H2O = 10.0-4.25 = 5.75 g  

 

% BaCl2.2H2O =  
0.10

25.4
  x 100 = 42.5%  

 

% Na3PO4.12H2O =   
0.10

75.5
 x 100 = 57.5%  
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Experiment (4) 

 Identification of a Compound: Physical Properties 

 

Post Lab 
 

 

 

 

1. How does atmospheric pressure affect the boiling point of a liquid? Ask your instructor. 

 
__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

 

2. If several drops of liquid unknown (Part B) cling to the pipette wall after delivery will the 

density of the unknown be reported too high or too low? Explain 

 
__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

. 

3. (A). In part C.2 if the boiling point is recorded when bubbles are rapidly escaping the 

capillary tube, will it be recorded too high or too low? Explain. 

 
__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

 

                   (B). If the boiling point is recorded after the liquid enters the capillary tube (after the heat     

is removed), will it be recorded too high or too low? Explain 
                                

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 

__________________________________________________________________________________________ 
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Experiment (5) 

 Tests of cations and anions 

Cations 

1. Calcium, Ca2+ 

Ca(NO3)2   +            Na2C2O4                 CaC2O4    +     NaNO3 

             Sodium oxalate                Calcium oxalate 
                                                                                     White precipitate 

 

2. Ferric, Iron (III) Fe3+  

Fe2(SO4)3   +    KSCN              Fe(SCN)3    +    K2SO4 

                                    Potassium           Ferric thiocyanate 

                                   Thiocyanate            (red solution) 

 

3. Ammonium, NH4
+ 

NH4NO3    +     NaOH                     NH4OH     +       NaNO3 

                    Sodium hydroxide       ammonium hydroxide 

                                                                (NH3+H2O) 

                                                                        Indicated by red litmus paper  

                                                                                 (red to  blue) 

Anions 

1. Sulfate,  SO4
2- 

Na2SO4   +   HCl     +    BaCl2                 BaSO4   +    NaCl           

                             Barium Chloride       Barium Sulfate 

                                                               (white precipitate) 

2. Chloride, Cl- 

NaCl     +       HNO3   +    AgNO3                 AgCl        

                                     Silver nitrate         silver chloride 

      (white precipitate) 

3. Bromide, Br- 

NaBr     +       HNO3   +    AgNO3                     AgBr        

                                     Silver nitrate              silver bromide 

                     (pale yellow precipitate) 

4. Hydrogen carbonate, HCO3
- 

NaHCO3    +     HCl                        NaCl     +     H2CO3 

                   Hydrochloric acid                             (H2O+CO2)  

                                 Bubbles of CO2 gas 
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Experiment (6) 

 Molar Mass of a Volatile Liquid 

Aim: to determine the molar mass of an unknown volatile liquid  

(boiling point of volatile liquid <100 °C) 

 

Avogadro’s law: equal volumes of any two gases at the same temperature and pressure 

contain the same number of molecules. 

Ideal gas law: PV = nRT can be applied on gases or (liquids in the gaseous state). Liquids 

must be appreciably volatile (high vapor pressure). 

In this experiment the molar mass of a volatile liquid is determined as this procedure 

(Dumas method) 

1) A volatile liquid is heated to a known temperature (above its boiling point) and 

allowed to escape from a container through tiny hole. 

2) Once the liquid has vaporized, the container is cooled to room temperature.  

3) The flask with contents is weighed again and the mass of the condensed vapor is 

calculated.  

4) Volume of the container can be measured = volume of the gas 

5) The high temperature can be measured (boiling point of water) 

6) Pressure of the gas inside the container = room pressure (because the system is open to 

the atmosphere through the tiny hole. 

 

 

 

 

 

 

 

 

 

 

using Dumas method and ideal gas law

)
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The molar mass is determined using the ideal gas law: 

      PV = nRT  

      The number of moles, n, is given by n = (m/M.w.)  

The ideal gas equation becomes:  

    PV = 
𝒎

𝑴𝑾
 RT  

    M.w. = 
𝐦𝐑𝐓

𝐏𝐕
  

Where: P = atmospheric pressure (atm), 1 atm =760 mmHg = 760 torr = 101325 Pa 

            V = volume of vapor (L) , 1 L = 1000 mL = 1 dm3 = 1000 cm3 

            m = mass of condensed vapor (g)  

            M.w. = molar mass of volatile liquid (g/mol)  

            R = gas constant = 0.0821 atm L K– 1 mol– 1  

       T = temperature of boiling water (K), K = °C + 273 

Where 
𝒎

𝑽
 = d ( d= density (g/L)) 

M.w.= 
𝐝𝐑𝐓

𝑷
  

d = 
𝐌𝐰𝐏

𝑹𝑻
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Benzene ,  

b.p. benzene < b.p. water (100 °C) 

PV = nH2RT 

PV = nO2RT   (T, P, V, R) the same 

nO2 = nH2 

mass O2 /32 = 20/2 

mass O2 = 320 g  

 

Molar mass = 58.8 g/mol 
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Experiment (7) 

 Molar Volume of Hydrogen Gas 

Objective 

Determine the molar volume of hydrogen gas and to compare it with the “22.4 L /mole” 

theoretical STP value. 

 

Molar volume, V: volume occupy per mol  

unit of molar volume is (L/mol) 

 

One mole of any ideal gas at STP will occupy volume = 22.4 L 

 

STP: Standard Temperature Pressure 

         Temperature: 0 °C (273 K),  pressure : 1 atm (760 torr) 

 

P1V1

T1
       =     

P2V2

T2
 

Classroom       STP 

 condition     condition 

 

P1, V1, T1 will be found experimentally, 

Where P1 is hydrogen gas pressure, T1 is room temperature, V1 is the volume of gas produced. 

 

V = 
V2

mol H2
      

Hydrogen gas can be produced from the reaction of active metals with acids. 

In this experiment: H2 will be generated from reacting magnesium metal (Mg) with HCl. 

Mg + 2HCl  →   MgCl2 + H2 

H2 Will be collected in an inverted burette by water displacement. 

In our experiment we use small piece of Mg and excess of HCl,  so Mg is the limiting reactant  

Thus, mol H2 = mol Mg, mol Mg = 
mass Mg

M.w Mg 
  

 

760 torr 

273 K 

? 
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Hydrogen gas H2 will be collected over water, so that the pressure in the burrette will be  

Ptotal = PH2 + PH2O,   Ptotal=Patm 

PH2 = Patm - PH2O 

*PH2O depends on the temperature of water 

 

When the internal gas pressure (Ptotal) matches the room atmospheric pressure (Patm) when the 

burrette is adjusted into the large cylinder until the two liquid levels are equal. 

 

                                                                  

 

 

 

 

 

 

       

 

 

  

P atm = P inside burette (Ptotal)         P atm > P inside burette (Ptotal)             P atm < P inside burette (Ptotal) 

 

 













 49 

 

 

 

Experiment (8) 

Colligative Properties: Molar Mass Determination 

 

Objective:  

  To determine the molar mass of a non-volatile, non-electrolyte by observing the 

difference between the freezing points of a solvent and a solution. 

 

Introduction: 

 The addition of a non-volatile solute to a solvent produces characteristic changes in a 

solvent's physical properties. These changes are: vapor pressure lowering, boiling point 

elevation and freezing point depression. For example when antifreeze (ethylene glycol) is 

added to an automobile's cooling system it will prevent freeze-up in the winter and boiling in 

the summer because the antifreeze-water solution has a lower freezing point and a higher 

boiling point than pure water. 

 Vapor pressure lowering, boiling point elevation, and freezing point depression are 

called colligative properties of solutions. These properties are governed by the number, 

rather than the type, of solute particles dissolved in the solvent.  

 The change in colligative properties of a solution is directly proportional to the amount 

of solute dissolved in the solvent.  The freezing point depression,  Tf, and the boiling point 

elevation,  Tb, are proportional to the molality, m, of the solute in the solution: 

 

  Tf =   Kf m         (1) 

  Tb =    Kb m         (2) 

Where 

 Kf and Kb are the molar freezing point and boiling point constants for the solvent. 

 
m

mol solute

Kg solvent

g mol wt solute

Kg solvent
= =

( / . . )       (3) 

 In this experiment you will determine the molar mass of a non-volatile, non-electrolyte 

(solute) in cyclohexane by measuring the freezing points for the pure cyclohexane and the 

solution, as well as the mass of solute and solvent. From Kf and equations (1) and (3), you 

will calculate the formula weight of the solute. 

 Cyclohexane's freezing point and that for the solutions are obtained from a cooling 

curve; a graph representing a decreasing temperature as a function of time (Figure 1). 

Cyclohexane's cooling curve reaches a plateau at its freezing point; extrapolation of the 

plateau to the temperature axis determines its freezing point. The solution's cooling curve 

does not reach a plateau, but continues to decrease slowly as the cyclohexane freezes. Its 

freezing point is determined at the intersection of two lines drawn tangent to the curves above 

and below the freezing point (See Figure 1). 
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Experiment (8) 

 Colligative Properties 

 

When a non volatile solute is dissolved in certain amount of solvent, some of physical 

properties of solvent are changed as follows: 

 

Objective: 

Determine the molar mass of a non-volatile solute by observing the difference between the 

freezing points of a solvent and a solution. 

Freezing point of a solution is lower than the freezing point of pure solvent. 

In our experiment: the molar mass of non-volatile, non-electrolyte solute will be determined 

by measuring the freezing point of pure solvent (cyclohexane) and freezing point of solution 

(solute and solvent). 
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The freezing point depression is proportional to the molality, m, of the solute in the solution: 

∆Tf  α m 

∆Tf= Kf m , 

 Kf  : molar freezing point constant for the solvent (°C.Kg/mol) or (°C/m) 

∆Tf: Tf solvent - Tf solution (°C) 

 

m: molality or molal concentration (mol/Kg)     = 
𝑚𝑜𝑙 𝑠𝑜𝑙𝑢𝑡𝑒 

𝑚𝑎𝑠𝑠 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 (𝑘𝑔)
 = 

(
𝑚𝑎𝑠𝑠

𝑀𝑤
)𝑠𝑜𝑙𝑢𝑡𝑒 

𝑚𝑎𝑠𝑠 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 (𝑘𝑔)
 

∆Tf= Kf  
(

𝑚𝑎𝑠𝑠

𝑀𝑤
)𝑠𝑜𝑙𝑢𝑡𝑒 

𝑚𝑎𝑠𝑠 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 (𝑘𝑔)
 

M.w. = 
K𝑓 (°C.

Kg

mol
) .mass solute (g)

∆T𝑓 (°𝐶).𝑚𝑎𝑠𝑠 𝑠𝑜𝑙𝑣𝑒𝑛𝑡 (𝑘𝑔) 
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Experiment (8) 

Colligative Properties: Molar Mass Determination 

 

PostLab 

 
 

1.  If the solution's freezing point is erroneously read 0.2°C lower than it should be, will the 

unknown's calculated molar mass be too high or too low ?  Explain! 

___________________________________________________________________________

___________________________________________________________________________ 

 

2.  How will the freezing point change of cyclohexane be affected ( compared with the 

freezing point change by a non-volatile, non-associating and non-dissociating solute) by: 

(a)  A non-volatile solute that dissociates? Explain. 

___________________________________________________________________________

___________________________________________________________________________ 

 

(b)   Two solutes that react according to the equation, 

         A + B → C? Explain! 

___________________________________________________________________________

___________________________________________________________________________ 

 

3.   If some solute adheres to the test tube's wall in Part B.1, is the freezing point change 

greater or less than it should be? Explain! 

___________________________________________________________________________

___________________________________________________________________________

___________________________________________________________________________ 

 

 

 

 

 

 

 

 











Objective:

To measure the heat of the reaction: 

• Heat of solution

• Heat of neutralization 

Fadia ijbara



Heat of neutralization

Heat of neutralization (ΔHneu): the heat evolved, at constant pressure, when acids are neutralized with bases. 

Or is the heat released when 1 mole of water is formed from the neutralization between one mole of hydrogen ions, H+ from an acid and 

one mole of hydroxide ions, OH- from a base. 

OH-
(aq) + H+

(aq) → H2O

*Heat of neutralization is always exothermic; ΔHneu -ve

Heat of neutralization can not be determined experimentally. 

It can be determined from the difference between the heat of reaction obtained by dissolving solid NaOH in aqueous HCl solution (part 

B) and the heat of solution obtained by dissolving solid NaOH in water (part A). 

ΔHneu = ΔH2 - ΔH1
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ΔH = m x s x ΔT , ΔH in J 

m : mass of solution (mass of solvent + mass of solute) (g) 

s: specific heat : the quantity of heat required to raise (increase) the temperature of one gram of a substance by one Celsius degree ( 

𝐽⁄𝑔.°𝐶 );  s = 4.184 𝐽⁄𝑔.°𝐶 for water

ΔT: temperature change (°C) 

Standard unit of neutralization reaction = KJ/mol

ΔH in KJ/mol = ΔH/1000 ÷ n(H2O(l)) 

* If T2 > T1, the reaction is exothermic (the heat is released) 

-ve sign should be added to ΔH 

* If T1 >T2, the reaction is endothermic (the heat is absorbed) 

ΔH is positive 
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calorimeter

• A calorimeter is a device used to measure heat changes during a chemical reaction. 

• In this experiment, a coffee cup calorimeter made of polystyrene foam (Styrofoam) is used, which 

provide good insulation. This insulation minimizes heat loss, allowing accurate measurement of energy 

changes. 
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Part A

Heat of solution (ΔHsol): amount of heat released or absorbed when solute being dissolved in solvent. 

NaOH(s)   → Na+ + OH- + heat ΔH1 = ΔHsol 
H2O

Part B

Heat of reaction; combined heat of solution and heat of neutralization: 

NaOH(s)  + HCl(aq) → NaCl + H2O + heat         ΔH2 = ΔHsol + ΔHneu

NaOH(s)  → Na+(aq) + OH-(aq)                                        ΔHsol

OH-
(aq) + H+

(aq) → H2O ΔHneu

ΔHneu = ΔH2 - ΔH1

H2O
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Example 1  

A 2.00 g sample of solid CsOH is dissolved in 200.0 mL of water in a calorimeter. The 

temperature of the water was raised from 22.3 to 23.4 ºC. Calculate the heat of solution in 

kJ/mol. (assume the specific heat of the solution to be 4.184 J/g ºC and the density of  the 

solution to be 1.00 g/mL). 

a. Temperature change, T= 23.4- 22.3 = 1.1 ºC  

b. Total mass of solution, m, (200.0 mL water) (1.00 g/mL) + 2.00 g CsOH =202.0 g  

c. Heat absorbed by the solution = heat evolved by CsOH =  

Mass of solutin x specific heat of solution x  T = 

 202.0 g x 4.184 J/g ºC x 1.1ºC = 930 J 

d. Moles of CsOH = mass/Molar mass = 2.00 g / 149.9 g /mol = 0.01334 mol  

e. Heat evolved per mole of CsOH = 930 J/0.01334 mol = -7.0 x 104 J/mol   

f. Heat of solution in KJ/mole = (-7.0 x 104 J/mol) x (1 kJ/103 J) = -70 kJ/mol  

Note: the minus sign shows that the reaction is exothermic; i.e heat is given off (evolved) 

by the system.  

 

Example 2  

A 2.00 g sample of solid CsOH reacted with 200.0 mL of an aqueous solution of hydrogen 

chloride (HCl) in a calorimeter, the temperature of the solution increased from 22.3 to 24.3 

ºC. Calculate the heat of reaction in kJ/mol? (Assume the specific heat of  the solution to be 

4.184 J/g ºC and the density of  the solution to be 1.00 g/mL)  

a. Temperature change, T = 2.0 ºC 

b. Total mass of solution = 202.0g  

c. Heat absorbed by the solution = 202.0 X 4.184 X 2.0 

 = 1.7 X 103 J 

d. Moles of CsOH = 0.01334 mol  

e. Heat evolved per mole of CsOH = 1.3 x 105 J/mol 

f. Heat of reaction in kJ /mol = 1.3 X 102 kJ /mol 

Note: The difference in the heat of reaction (Example 2) and the heat of solution 

(Example1) is the heat of neutralization. So the heat of neutralization of CsOH with HCl is 

60 KJ /mol 

 

 

 

 

 

 

-930J
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Experiment (10) 

Electochemistry 

 

Objectives:  

 

• To measure the cell potential for various electrochemical cells. 

• To study the dependence of the cell potential concentration on the cell. 

 

Introduction: 

 

A.  Electrochemical Cells: 

 An oxidation-reduction reaction (redox reaction) such as: 

 

Zn(s) + Cu2+ (aq) →  Zn2+ (aq) + Cu(s) 

 

can be separated into two half-reactions, called half-cell reactions. 

 

Cu2+ (aq)  + 2e¯ → Cu(s) 

Zn(s) →  Zn2+
 (aq) +2e¯ 

 

 The first half-reaction is the reduction half-cell and the second half-reaction is the 

oxidation half-cell. 

 The above redox reaction can be carried out in a way such that the components of the 

oxidation and reduction half-cells are not mixed together, and the potential of the reaction can 

be measured, as shown in the Figure below. 

Such a cell can be represented by: 

 

Zn(s)     Zn2+  (1.0M)      Cu2+ (1.0M)      Cu(s) 

  

 The measured potential for this cell is 1.10 V. This value is referred to as the standard 

cell potential, Eº which indicates the voltage observed when all species are in their standard 

states (1.0 M for species in solution, and 1.0 atm. pressure for gases). Most commonly Eo 

values are measured at 298 K. 
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This cell potential, Eº, can be calculated from the two half-cell potentials: 

 

Zn(s)  →  Zn+2 (1M)  + 2e–  (oxidation)  Eo = 0.76 V 

Cu2+ (1M) + 2e–  → Cu(s)  (reduction)  Eo = 0.34 V 

 

Net reaction: 

 

Zn(s)  +  Cu2+  (1M) → Zn+2 (1M)  + Cu(s)       Eo =1.10 V 

 

When a cell reaction is written so that Eo is positive, the reaction will proceed 

spontaneously from left to right when all components are in their standard states. 

 

B.  Concentration Cells 

 

 In this experiment you will observe the effect of varying the concentration of a 

species, participating in an electrochemical oxidation-reduction reaction, on the cell potential. 

Since the potential of an electrode depends on the concentration of the ions used in the 

electrode half-cell, a cell may be constructed from two half-cells differing only in the 

concentration of ions.  The principle behind this is simple, dilution of a concentrated solution 

is spontaneous, so this process gives a cell with positive E.  For the process: 

An+ (aq) (concentrated) →  An+ (aq) (dilute) 

 a cell can be constructed such as: 

 

A   An+ (dil)     An+  (conc)   A 

 

 which represents the reaction:  

   A(s)  +  An+  (conc)  →  A(s)  +  An+  (dil) 

 Since the two half-reactions are the same, Eo(anode) = Eo(cath) so that Eo (cell) = 0. 

 Applying Nernst equation, at 25°C, we get: 

   

E
n

A dil

A conc

n

n
= −

+

+

0 0592.
log

[ ]

[ ]  

 where n is the number of electrons transferred. 
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Experiment (10) 

Galvanic Cell 

Galvanic cell: Electrochemical cell in which spontaneous oxidation-reduction reactions produce 

electric current.  

Components of Galvanic cell: 

1. Substances that be oxidized and reduced. 

The reduction occurs on the half cell that has higher +ve value of E° 

Then the oxidation occurs on the other half cell. 

Take the example as shown in the figure below: 

 

From E° values are listed in the table, E° of Cu2+ (0.34 V) is more positive than Zn2+ (-0.76 V). So, 

Cu2+ will be reduced and Zn will be oxidized. 

 

Cu2+ +2e-    →    Cu(s)      E° = 0.34 V 

Zn2+ + 2e-  →   Zn(s)     E° = - 0.76 V   

Then the reactions are written as: 

 

Cu2+ +2e-    →    Cu(s)      E° = 0.34 V   (reduction) 

Zn(s)     →    Zn2+ + 2e-   E° = 0.76 V  (oxidation) 

 

E°: voltage (potential) of the half cell at standard condition 

*standard conditions:  25 °/298 K, 1 atm, 1 M solution 
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equation is:  

Cu2+ + Zn(s)  
→    Cu(s) + Zn2+         E°= 0.34+0.76 = 1.10 V 

* E° is always positive 

 

This galvanic cell can be represented by line cell: 

                       Zn∣Zn2+(M)∣∣Cu2+(M)∣Cu 
 
      Anode, oxidation       cathode, reduction 

 

 

 

 

 

 

 

 

 

So,  

Reducing agent: Zn 

Oxidizing agent: Cu2+ 

 

 

2. Electrodes: 

Cathode : electrode at which reduction occurs 

Anode: electrode at which oxidation occurs 

Electrons flow from anode to cathode 

So,  

Zn is anode 

Cu is cathode  

And electrons flows from Zn to Cu 

 

3. Salt bridge:   

U-shaped glass tube filled with saturated electrolyte solution (e.g., KCl, KNO3) to 

compensate the transfer of ions (keep charges in each half cell balanced). 

 Cl- or NO3
 – ions move toward the anode/oxidation side (to neutralize excess Zn2+) 

 K+ ions move toward the cathode/ reduction side (to replace the Cu2+ ions that are reduced) 

 

Oxidation: loss of electrons  

Reduction: gain of electrons 

 

Reducing agent: substance that is oxidized. 

oxidizing agent: substance that is reduced. 
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Calculation of the cell potential (Nernst equation): 

      Ecell = E°cell - 
0.0592

𝑛
 log Q , Q= 

[𝑝𝑟𝑜𝑑𝑢𝑐𝑡]𝑥

[𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡]𝑦 

       X and y are stoichiometric coefficients (the numbers in front of each species) from the 

balanced redox reaction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cu2+ + 2e-          →           Cu(s)      E° = 0.34 V    

            Zn(s)          →            Zn2+ + 2e-   E° = 0.76 V   

Net reaction: Cu2+ + Zn(s)    →      Cu(s) +  Zn2+       

E°cell = 0.34+0.76 = 1.10 V 

Ecell = E°cell - 
0.0592

𝑛
 log 

[𝑝𝑟𝑜𝑑𝑢𝑐𝑡]𝑥

[𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡]𝑦 = E°cell - 
0.0592

𝑛
 log 

[𝑜𝑥𝑖𝑑𝑎𝑡𝑖𝑜𝑛]𝑥

[𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛]𝑦 

       = 1.10 - 
0.0592

2
 log 

[Zn2+]

[Cu2+]
  ,   n = 2 , x and y = 1  

n = moles of electrons in balanced redox equation  

for example: if the concentration of ZnSO4 is 0.02 M and concentration of CuSO4 is 

0.4 M, calculate the cell potential 

Ecell = E°cell - 
0.0592

𝑛
 log 

[𝑝𝑟𝑜𝑑𝑢𝑐𝑡]

[𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡]
 = Ecell = E°cell - 

0.0592

2
 log 

[Zn2+]

[Cu2+]
 

                                                           = 1.10 -0.0296 log 
0.02

0.4
 

                                                                     = 1.14 V 

Note: the moles of electrons in the two 

half reactions must be equal 
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Concentration Cell 

Concentration cell: is an electrolytic cell that consists of two half-cells with the same electrodes, 

but different concentrations. 

Electrons flow from the cell with the lower concentration (diluted) (Anode) to the cell with the 

higher concentration (concentrated) (cathode). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0.001 M 0. 1 M 

Diluted Concentrated 

dil 

conc 

dil 

Anode: Cu(s)                 →            Cu2+ (aq) + 2e-         E°= -0.342 V 

Cathode: Cu2+ (aq) + 2e-         →        Cu(s)                  E°= +0.342 V 

Cell reaction:   Cu(s) +  Cu2+ (aq)           →        Cu2+ (aq)  + Cu(s)      E°cell = 0      

E cell = E°cell – 
0.0592

𝑛
 log Q ,  E cell = – 

0.0592

2
 log 

[Cu2+]dil

[Cu2+]conc
 

*Always E°cell of concentration cell is 0 

dil 

conc 

dil 

conc 
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B. Concentration cell (1) page 65 

Volume of one drop =0.05 mL 

3 drops of Cu(NO3)2: 3 X 0.05 = 0.15 mL (volume of concentrated solution) 

Volume of solution = 50 mL 

Volume of diluted solution = 50 + 0.15 = 50.15 mL 

Concentration of Cu(NO3)2 = 0.1 M 

 

(MV)dil. = (MV)conc. 

Mdil. x 50.15 = 0.1 x 0.15  

Mdil. = (0.1 x 0.15)/ 50.15 =  

 E cell = E°cell – 
0.0592

𝑛
 log 

[Cu2+]dil

[Cu2+]conc
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B. Concentration cell (1) page 65 

Volume of one drop =0.05 mL 

3 drops of Cu(NO3)2: 3 X 0.05 = 0.15 mL (volume of concentrated solution) 

Volume of solution = 50 mL 

Volume of diluted solution = 50 + 0.15 = 50.15 mL 

Concentration of Cu(NO3)2 = 0.1 M 

 

(MV)dil. = (MV)conc. 

Mdil. x 50.15 = 0.1 x 0.15  

Mdil. = (0.1 x 0.15)/ 50.15 =  

 E cell = E°cell – 
0.0592

𝑛
 log 

[Cu2+]dil

[Cu2+]conc
 

 

 

 

 

 

 

 

 

 

 


