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CHEMISTRY DEPARTMENT

CHEMISTRY 143

Experiment No. Five

Decomposition of KClO3 and Unknown

Student Name  : Mohammad Salem

                      Student ID        : 1010305

                      Instructor             : Dr. Zaki Abdul-Majeed

                        Lab Section           : 14

                                                                                                                 Experiment Object: is to determine the percentage of oxygen in a sample of potassium chlorate, and the percentage of potassium chlorate in a mixture.
Chemical Equipment: two test tubes, Bunsen burner, brushes, test tube holder, and electronic balance.

Chemical Compounds:  KClO3 and an unknown mixture.

Theory:

        In this experiment, we have to investigate the stoichiometry (i.e. a term refers to all quantitative aspects of chemical composition) of decomposition of potassium chlorate and use the results to analyze a mixture. 

        It is known that the thermal decomposition of potassium chlorate will yield all the combined oxygen:

KClO3 (heat) → KCl + 3 ∕2 O2
        As the only solid product of the decomposition of potassium chlorate is KCl, and since oxygen is driven off as a gas, the loss in mass is due to the escaped oxygen.

        In a mixture of potassium chlorate and potassium chloride, we can estimate the percent of potassium chlorate as the mass loss (because of heating) is due to oxygen escaped from potassium chlorate only.  It should be known that we used Manganese dioxide as a catalyst to speed up the rate of decomposition.

Data:

A.

	Mass of test tube +catalyst
	15.50 g

	Mass of test tube + catalyst + KClO3
	16.49 g

	Mass of test tube +catalyst + residue
	16.12 g


B.

	Mass of test tube +catalyst
	13.64 g

	Mass of test tube + catalyst + unknown
	14.94 g

	Mass of test tube +catalyst + residue
	14.34 g

	Number of the unknown mixture 
	Fat815


Calculations:

A.

Mass of KClO3 = 16.49 – 15.50 = 0.99 g

Mass of residue = 16.12 – 15.50 = 0.62 g

Mass of oxygen lost = 0.99 – 0.62 = 0.37 g

Moles of oxygen = 0.37 \ 32 = 0.0116 mole

Moles of KCl residue = 0.62 \ 74.55 = 0.0083 mole

Moles of KClO3 = 0.99 \ 122.55 = 0.0081 mole

1 mole of KClO3    → 1.5 moles of oxygen

0.0081 mole of KClO3    → 0.0121 mole (theoretical)

Mass of oxygen in the sample = 0.0121 × 32 = 0.39 g (theoretical)

٪ oxygen in the sample = 0.39 \ 0.99 = 39٪ (theoretical)

٪ yield of oxygen = 0.37 \ 0.99 = 37٪
B.

Mass of unknown = 14.94 – 13.14 = 1.80 g

Mass of residue = 14.34 – 13.14 = 1.20 g

Mass of oxygen lost = 1.80 – 1.20 = 0.60 g

Moles of oxygen = 0.60 \ 32 = 0.0188 mole

1 mole of KClO3    → 1.5 moles of oxygen

0.0125 mole of KClO3   → 0.0188 mole

Moles of KClO3 decomposed = 0.0125 mole 
Mass of KClO3 in the original sample = 0.0125 × 122.55 = 1.53 g 

٪ Mass of KClO3    in the unknown = 1.53 \ 1.80 = 85 ٪  

Results:

A.

	Mass of oxygen lost
	0.37 g

	Mass of KCl residue
	0.62 g

	Number of moles of oxygen evolved
	0.0116

	Number of moles of KCl
	0.0083

	Mass of oxygen in the sample (theoretical)
	0.39 g

	٪ Oxygen in the sample (theoretical)
	39٪

	٪ Yield of oxygen
	37٪


B.

	Mass of oxygen lost
	0.60 g

	Number of moles of oxygen evolved
	0.0188

	Number of moles of KClO3 decomposed
	0.0125

	Mass of KClO3 in the original sample
	1.53 g

	٪ Mass of KClO3 in the unknown 
	85 ٪


Post Laboratory Questions:

1. It was not necessary to weigh the catalyst in this experiment because it was not used up during the course of reaction; its mass was constant just as the tube.

2. Molecular mass of C6H12O6 = 180

Molecular mass of oxygen = 96

Percentage of oxygen = 53٪
     3.  Moles of CH2NH2COOH = 30 / 75 = 0.4 

            mass of oxygen = 0.4 × 32 = 12.8 g

      4. Some of the oxygen will not evolve from the potassium chlorate, so                                                                                                   

        our results will not be accurate. The percentage of oxygen will be   
false.

      5. The mass of (test tube + catalyst + KClO3) would increase because 

           of deposited soot on the tube, so the mass of oxygen would be 

           greater than the original one, and so the percentage would be 

           inaccurate.
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Chemistry Department

Chemistry 143

Experiment No. Six

Limiting Reactant

      Student Name  : Mohammad sabbar
                   Student ID        : 1010048
                                                                                                                 Experiment Object: is to determine the limiting reactant in a salt mixture and to determine the percent composition of a salt mixture. 
Chemical Equipment: flask, polyethylene wash bottle, brushes, beaker, stirring rod, funnel, watch glass, filter paper, and electronic balance.

Chemical Compounds:  BaCl2.2H2O, Na3PO4.12H2O.

Chemical Reaction:

 2Na3PO4.12H2O + 3BaCl2.2H2O→ Ba3(PO4)2 + 6NaCl + 30H2O 

Theory:

        It is known that the amount of reactants and the percent yield of the reaction are the two factors that limit the yield of the reaction. And because the chemicals react according to fixed mole ratio, only a limited amount of product forms from given amounts of reactants. So the limiting reactant in a chemical system is the reactant that restricts the amount produced.

        In this experiment, an unknown salt mixture of BaCl2.2H2O and Na3PO4.12H2O is added to water where they form insoluble Ba3 (PO4)2. So we will determine the limiting reactant and the salt mixture’s composition after weighing the initial salt mixture and the final product.   
Data:

	Mass of salt mixture
	1.49 g

	Mass of filter paper
	1.14 g

	Mass of filter paper and Ba3(PO4)2
	2.46 g

	Mass of Ba3(PO4)2
	1.06 g


Determination of limiting reactant:

    We added few drops of Na3PO4 to the supernatant liquid in the first beaker and a precipitate was formed. But when adding few drops of BaCl2 to the supernatant liquid in the second beaker, no precipitate was formed. So we can conclude that Na3PO4 is the limiting reactant, and Na3PO4 is the excess reactant in the salt mixture. 

Calculations:

1. Moles of Ba3(PO4)2 = 1.06 ÷ 602 = 0.00176 mole

2. Moles of BaCl2 = 0.00176 × 3 = 0.00528 mole

3. Mass of BaCl2 = 0.00528 × 208.24 = 1.10 g

4. Moles of Na3PO4 = 0.00176 × 2 = 0.00352 mole

5. Mass of Na3PO4 = 0.00352 × 164 = 0.577 g  

6. Mass of salt mixture = 1.49 g

7. Mass of excess reactant = 1.10 g

8. percent of BaCl2 in the mixture = (1.10 / 1.49)*100% = 73.8 ٪ 

9. Percent of Na3PO4 in the mixture = ( 0.577 / 1.49)*100%  = 37.4 ٪
Comments: It is clear that there were some errors while doing the experiment because the total mass of BaCl2 and Na3PO4 calculated theoretically is 1.33 g, but the measured one is 1.34 g. This loss in the mixture mass might be occurred during the experiment. 

Post Laboratory Questions:

3. This will affect the final result of calculated percentage of the limiting reactant by increasing the accuracy in measuring the mass of the limiting reactant, since there will not be a loss of precipitate during the filtering process. 

 2. This will affect the result because the mass of these ions will not be taken into consideration which can cause a loss in the measured mass of the reactants.

     3.  To keep having the accurate amount of the precipitate without 

            loss.

    4. This may affect the result, but really I don’t Know how?!
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Chemistry Department

Chemistry 143

Experiment No. Seven

Evaluation of the Gas Law Constant

      Student Name  : Mohammad Salem

                   Student ID        : 1010305

                     Instructor             : Dr. Zaki Abdul-Majeed

                    Lab Section           : 14

                                                                                                                 Experiment Object: is to evaluate the gas law constant using the ideal gas law (PV = nRT). 
Chemical Equipment: audiometer tube, polyethylene wash bottle, brushes, 800ml beaker, graduated cylinder, Bunsen burner, stand, medicine dropper, and electronic balance, meter stick.

Chemical Compounds:  HCl, water, Mg ribbon, Cu wire.
Chemical Reaction:

Mg (s) + 2HCl (aq) → MgCl2 (aq) + H2 (g)
Theory:

        In this experiment we will use the ideal gas law (PV = nRT) to evaluate the gas law constant R. In order to determine R, we have to find the other parameters, in the law above, from the experiment; where P is the pressure, V is the volume, n is the number of moles, and T is the temperature.

        This experiment is based on a chemical reaction between magnesium metal and hydrochloric acid to produce hydrogen gas. We will measure the volume, pressure, and temperature under which the hydrogen is collected. We can also calculate the number of moles of hydrogen produced from knowing the quantity of magnesium used in the equation above. As the hydrogen is collected in a audiometer tube over an aqueous solution, the gas pressure should be given by the following equation:

PH2 = Patm – Pwater
Where (Patm) is the atmosphere pressure and (Pwater) is the vapor pressure of water.

        But if the liquid levels can not be equalized after the reaction, the previous equation will not be valid. So, the difference in levels, which represents the desired pressure, must be measured and converted to mmHg. The following equations show how this can be accomplished:

  PH2 = Patm – Pwater – Plevel difference
 Where Plevel difference = (difference in heights in mm as measured) / 13.5

Data:

	
	Trial 1
	Trial 2 

	Mass of Mg
	0.16 g
	0.07 g

	Moles of Mg
	0.0066 mole
	0.0029 mole

	Volume of gas
	165 mL
	83 mL

	Difference in levels  
	56 mm
	317 mm

	Difference in levels  
	4.15 mm Hg
	23.48 mm Hg

	Vapor pressure
	17.5 mm Hg

	Atmosphere pressure
	720 mm Hg

	Temperature 
	20 ºC

	R  ( L.atm.mol‾¹.K‾¹)
	0.0784
	0.0871

	Average R ( L.atm.mol‾¹.K‾¹)
	0.0828

	Deviation from the average
	0.0044
	0.0043

	Average deviation
	0.00435

	Relative average deviation
	5.25٪

	Relative error
	 0.85٪


Calculations:

Trial 1:

1. Moles of Mg = 0.16 ÷ 24.3 = 0.0066 mole

2. Plevel difference = 56 ÷ 13.5 = 4.15 mm Hg

3. Patm = 720 mm Hg
4. Pwater = 17.5 mm Hg

5. PH2 = 720 – 17.5 – 4.15 = 698.35 mm Hg = 0.919 atm

6. V = 165 mL = 0.165 L

7. T = 20 ºC = 293.15 ºK

8. R = 0.0784 L.atm.mol‾¹.K‾¹

Trial 2:

1. Moles of Mg = 0.07 ÷ 24.3 = 0.0029 mole

2. Plevel difference = 317 ÷ 13.5 = 23.48 mm Hg

3. Patm = 720 mm Hg
4. Pwater = 17.5 mm Hg

5. PH2 = 720 – 17.5 – 23.48 = 679.02 mm Hg = 0.893 atm

6. V = 105 mL = 0.083 L

7. T = 20 ºC = 293.15 ºK

8. R = 0.0871 L.atm.mol‾¹.K‾¹

Comments:

        Although our result is highly accurate but there were some errors while doing the experiment, which had influenced this result, such as errors in measuring the correct volume of the gas and measuring the levels difference.

Post Laboratory Questions:

4. a) This will affect the final reading too, which causes an error determination for the volume of the gas, and leads to increase the calculated value of R.

b) This will lead to increase the measured level difference, which will increase the level difference pressure and decrease R.

d) This will make the measured volume of the gas a bit lower than the real one, which will cause the calculated value of R to be decreased.
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Chemistry Department

Chemistry 143

Experiment No. Eight

Determination of the Composition of Sodium Bicarbonate by Gas Evolution Analysis

      Student Name  : Mohammad Salem

                   Student ID        : 1010305

                     Instructor             : Dr. Zaki Abdul-Majeed

                    Lab Section           : 14

                                                                                                                 Experiment Object: is to determine the percentage composition of NaHCO3 sample.
Chemical Equipment: 1-liter beaker, polyethylene wash bottle, brushes, test tube, rubber tubes, gas buret, stand, bulb, hypodermic syringe, septum cap, and an electronic balance.

Chemical Compounds:  NaHCO3, H2SO4, water.
Chemical Reaction:

2 NaHCO3 + H2SO4 → Na2SO4+ 2 CO2 + 2 H2O

Theory:

        In this experiment we will analyze a sample of sodium bicarbonate (NaHCO3) quantitatively by measuring the amount of evolved carbon dioxide. We will use (H2SO4) to get the sample decomposed as in the equation above. The weight of pure (NaHCO3) will be determined from the weight of one of the decomposition products because the inert impurities contained in the sample do not produce any CO2 upon acid treatment. 

        The decomposition product which we will use to determine the weight of the original sample is a gas, so we can find its weight using ideal gas law after measuring the temperature, the pressure and the volume of CO2. Then PV = nRT, from which we can calculate the number of moles of the gas. But as the gas is collected over water, we must take into consideration that: Patm = PCO2 + Pwater vapor.
Data:

	
	Trial 1
	Trial 2 

	Weight of empty test tube
	39.96 g
	40.02 g

	Weight of test tube+ sample
	40.08 g
	40.13 g

	Weight of the sample
	0.12 g
	0.11 g

	Difference in levels
	282 mm
	297 mm

	Radius of the buret
	0.55
	0.55

	Barometric pressure  
	772.1mm Hg
	772.1mm Hg

	Pressure of water vapor  
	30mm Hg
	30mm Hg

	Room temperature
	29˚C
	29˚C

	Number of Unknown 
	Car64


Calculations:

Trial 1:

1 Weight of the NaHCO3 = 0.12 g
2. Volume of carbon dioxide = 26.8 mL = 0.0268 L
3. PCO2 = Patm - Pwater vapor = 772.1 – 30 = 742.1 mm Hg = 0.98 atm
4. Temperature = 302.15 k

5. Moles of carbon dioxide = (0.98 × 0.0268) ÷ (0.0821 × 302.15) 

                                            = 0.0011 mole
 6. Moles of pure NaHCO3 = 0.0011 mole
 7. Weight of pure NaHCO3 in the sample = 0.0011 × 84 = 0.092 g

 8. Percentage of pure NaHCO3 in the sample = (0.092 ÷ 0.12) × 100 ٪ 

                                                                   = 77 ٪ 

Trial 2:

1 Weight of the NaHCO3 = 0.11 g
2. Volume of carbon dioxide = 28.2 mL = 0.0282 L
3. PCO2 = Patm - Pwater vapor = 772.1 – 30 = 742.1 mm Hg = 0.98 atm
4. Temperature = 302.15 k

5. Moles of carbon dioxide = (0.98 × 0.0282) ÷ (0.0821 × 302.15) 

                                            = 0.0011 mole
 6. Moles of pure NaHCO3 = 0.0011 mole
 7. Weight of pure NaHCO3 in the sample = 0.0011 × 84 = 0.092 g

 8. Percentage of pure NaHCO3 in the sample = (0.092 ÷ 0.11) × 100 ٪ 

                                                                   = 84 ٪ 

Average Percentage of pure NaHCO3 in the sample = 80.5 ٪     

Comments:

        It is obvious that our results are not highly accurate; we have a little difference between the percentages in the two trials. This can be related to some errors happened during the experiment, such as errors in measuring the initial and final levels of water in the buret and errors in measuring the mass of the sample.

Post Laboratory Questions:

5. Possible errors are:

a) Errors in measuring the initial and final levels of water in the buret

           b) Errors in measuring the mass of the sample and the test tube.

           c) An error related to adding 2ml of (H2SO4) which will affect the      

               volume of the gas.

          In order to get rid of the third error, we should subtract the volume

       of the acid from the volume of the gas.

6. In order to get the buret filled with enough water.
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Chemistry Department

Chemistry 143

Experiment No. Nine

Viscosity and the Flow of liquids

      Student Name  : Mohammad Salem

                   Student ID        : 1010305

                     Instructor             : Dr. Zaki Abdul-Majeed

                    Lab Section           : 14

                                                                                                           Experiment Object: is to determine the relative viscosity of different liquids.

Chemical Equipment: beaker, polyethylene wash bottle, brushes, graduated cylinder, Buret, and an electronic balance.

Theory:

         The viscosity is an internal friction that retards the flow of liquids. We can determine the viscosity by measuring the flow of through a tube of small diameter. It is known that the time required for a liquid to flow a tube in a vertical position depends not only upon its viscosity, but also upon its density. The greater the viscosity (ή) the longer the time (t) required for the liquid to flow, while the greater the density (d) the shorter the time required, which can be described by the following equations:
                     t = ή × 1/d          or          ή = t × d 

The relative viscosity ή1 compared to water ήw, may be expressed as:

       Relative viscosity = (t1× d1)/ (tw × dw)               

Data:

	Liquid
	Time of flow

(second)
	Density

(gm/cm³)
	Rel. viscosity

	Water


	7.43
	0.99
	1

	Lubricating Oil. 10
	16.24
	1.036
	2.29

	Lubricating Oil. 10
	59.74
	0.852
	6.92


Calculations:

Water:

Time of flow = 7.43 second

Mass = 4.93 gm

Volume = 5 ml = 5 cm³

Density = 4.93/5 =0.99 gm/ cm³

Relative viscosity = 1

Lubricating Oil. 10:

Time of flow = 16.24 second

Mass = 5.18 gm

Volume = 5 ml = 5 cm³

Density = 5.18/5 =1.036 gm/ cm³

Relative viscosity = (16.24 × 1.036) / (7.43 × 0.99) = 2.29 

Lubricating Oil. 30:

Time of flow = 59.74 second

Mass = 4.26 gm

Volume = 5 ml = 5 cm³

Density = 4.26/5 =0.852 gm/ cm³

Relative viscosity = (59.74 × 0.852) / (7.43 × 0.99) = 6.92 

