Laboratory Report Form

Experiment 1.

Determination of the Composition of an Alloy

Checklist:

· Raw Data Sheet written in pen, signed by TA and attached 

· Report Form typed and attached

Data Tables

Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc 
	Zinc

	Mass of metal (g)
	0.0439
	0.0551

	Uncalibrated volume of eudiometer (mL)
	0.00
	0.00

	Volume of hydrogen gas (mL)
	17.6
	20.5

	Height of water column (cm)
	35
	15

	Density of water (kg/m3)
	997.538
	997.296

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	3.4 x 103 Pa.
	1.5 x 103 Pa.

	Water Temperature ((C)
	23.3
	24.4

	Water Vapour pressure (Pa)
	2851
	3047

	Atmospheric Pressure (Torr)
	101.2 kPa
	101.2 kPa

	Pressure of Hydrogen 
	94990 Pa
	96720

	Room Temperature 
	22.1
	22.1

	Ideal Gas Constant, R 
	0.0821
	0.0821

	Actual Moles of Hydrogen (mol)
	6.80 x 10-4
	8.07 x 10-4

	Theoretical moles of Hydrogen (mol)
	3.2 x 10-3
	3.2 x 10-3

	Percent Yield (%)
	102
	96


Observations (Part 1):
· Zn metal is a solid at room temperature and it is malleable. 

· HCl is a liquid that has a strong acidic smell, can cause burns to the eyes and throat.

· Reaction between the Zn metal and the HCl occurs rapidly

· The temperature of the eudiometer gets hot during the reaction.

Bubbles of gas are produced at the top of the eudiometer. 

· Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	2501
	2501

	Mass of alloy (g)
	0.0440
	0.0400

	Uncalibrated volume of eudiometer (mL)
	0.00
	0.00

	Volume of hydrogen gas (mL)
	21.8
	12.8

	Height of water column (cm)
	29
	38.5

	Density of water (kg/m3)
	
	

	Acceleration due to gravity (m/s2)
	9.8
	9.8

	Pressure of water column (Pa)
	2.8 x 103
	3.76 x 103

	Water Temperature ((C)
	23.5
	23.6

	Water Vapour pressure (kPa)
	2.81
	2.81

	Atmospheric Pressure (Torr)
	101.2 kPa
	101.2 kPa

	Pressure of Hydrogen 
	95.59
	94.63

	Room Temperature 
	22.1
	22.1

	Ideal Gas Constant, R 
	0.0821
	0.0821

	Moles of Hydrogen (mol)
	8.98 x 10-4
	5.27 x 10-4

	Mass of Zinc (g)
	0.0278
	0.0238

	Mass of Aluminum (g)
	0.0265
	0.0148

	Percent Zinc (%)
	63.18
	59.5

	Percent Aluminum (%)
	60.23
	64.5

	Average Percent
	61.7
	62


Observations (Part 2):
· Alloy is solid at room temperature in the form of small coils

· Bubbles of gas are produced at the top of the eudiometer 

· There was a black powder-like substance that formed at the top of the eudiometer during the beginning of the reaction

The reaction between the alloy and HCl occurred much slower than the reaction between the zinc and the HCl

· Sample Calculation :

Pure Metal
1. Uncalibrated Volume of the Eudiometer:
Eudiometer was already calculated. 
2. Volume of Hydrogen gas:
Trial #1: 17.6 mL                      Trial #2: 20.5 mL

The average of the volume of hydrogen gas for the two trials is:

(17.6 mL + 20.5 mL) ÷ 2 = 19.05 mL   

Therefore, the volume of hydrogen gas is 19.05 mL. 

3. Pressure exerted by the water column:

Trial #1: 

Using the pressure equation:     P = d x g x h 

· Let d be the density of water. For trials #1 and #2, the temperature of water at 23.3 oC is 997.538 Kg/m3 and for 24.4 oC is 997.296 Kg/m3. 
· Let g be the acceleration due to gravity which is 9.8 m/s2.

· Let h be the height of the water column which is 35 cm = 0.35 m. 

P = d x g x h 

   = (997.538 Kg/m3)(9.8 m/s2)(0.35 m) 

  = 3422 Pa 

Therefore, the pressure exerted by the water column for trial #1 is 3.4 x 103 Pa.

Trial #2:

The height of the column of water is 15 cm = 0.15 m.
P = d x g x h 

   = (997.296 Kg/m3)(9.8 m/s2)(0.15 m) 

   = 1466 Pa

Therefore, the pressure exerted by the water column for trial #2 is 

1.5 x 103 Pa. 

4. Pressure of hydrogen gas:

Trial #1:
Phydrogen = Patmosphere + Pwater column + Pwater vapour  

· Let Patmosphere be 101.2 kPa.

· Let Pwater column be 3.4 kPa. 

· Let Pwater vapour be 2.81 kPa for a water temperature of 23 oC.  

Phydrogen = Patmosphere + Pwater column + Pwater vapour  

               = 101.2 kPa – 3.4 kPa – 2.81 kPa 

               = 94.99 kPa 

Therefore, the pressure of the hydrogen gas for trial #1 is 94990 Pa. 

Trial #2:

Phydrogen = Patmosphere + Pwater column + Pwater vapour 

               = 101.2 kPa – 1.5 kPa – 2.98 kPa

               = 96.72 kPa

Therefore, the pressure of the hydrogen gas for trial #2 is 96720 Pa.

5. Moles of hydrogen gas (experimental):

Trial #1: 
PV = nRT

· Let P be the hydrogen pressure which is 0.93747841 atm. 

· Let R be the gas constant which is 0.0821 L atm / k mol.

· Let V be the volume of the hydrogen gas which is 17.6 mL = 0.0176 L.

· Let T be the room temperature which is 22.1 oC = 295.25 K. 

PV = nRT

  n = PV ÷ RT

     = (0.93747841 atm)(0.0176 L) ÷ (0.0821 L atm/ K mol)(295.25 K)

     = 6.80 x 10-4 mol 

Therefore, the number of moles of hydrogen gas for trial #1 is 

6.80 x 10-4 mol.

Trial #2: 

Volume of hydrogen gas is 20.5 mL = 0.0205 L.

Room temperature is also 22.1 oC = 295.25 K.

PV = nRT

  n = PV ÷ RT

     = (0.95455218 atm)(0.0205 L) ÷ (0.0821 L atm/ K mol)(295.25 K)

     = 8.07 x 10-4 mol

Therefore, the number of moles of hydrogen gas for trial #2 is

8.07 x 10-4 mol.  

6. Moles of hydrogen gas (theoretical):
Zn(s) + 2HCl(aq)     ͢͢    ZnCl2(aq) + H2(g)   

1 mol Zn……………..) 1 mol H2

65.39 g ……………...) 2.02 g H2
0.0439 g ………………) 1.3 x 10-3 g H2

Trial #1: 
n(Zn) = m ÷ M

         = 1.3 x 10-3 g ÷ 2.02 g/mol 

         = 6.7 x 10-4 mol

Trial #2:

n(Zn) = m ÷ M

         = 1.7 x 10-3 g ÷ 2.02 g/mol 

         = 8.4 x 10-4 mol

Therefore, the number of moles for hydrogen gas for both trials is 

3.2 x 10-3 mol. 

7. Percentage Purity of metal (percentage yield of hydrogen):
Trial #1:  

Percentage yield = actual yield ÷ theoretical yield

                               = (6.80 x 10-4 mol) ÷ (6.7 x 10-4 mol) x 100  

                               = 102 %
Trial #2: 
Percentage yield = actual yield ÷ theoretical yield

                               = (8.07 x 10-4 mol) ÷ (8.4 x 10-4 mol) x 100  

                               = 96 %
8. Average Percent Purity:

(102 + 96) ÷ 2 = 99%

Therefore, the average percent purity of the metal is 99 %.  

Sample Calculation :

Alloy

1. Pressure of water column and hydrogen gas:

Pressure of water column:

Trial #1: 
Using the pressure equation:     P = d x g x h 

· Let d be the density of water. For trials #1 the temperature of water at 23.5 oC and 23.6 oC is 997.538Kg/m3. 

· Let g be the acceleration due to gravity which is 9.8 m/s2.

· Let h be the height of the water column which is 29 cm = 0.29m.

P = d x g x h

    = (997.538 Kg/m3)(9.8 m/s2)(0.29 m)

    = 2835 Pa

Therefore, the pressure of the water column for trial #1 is 2.8 x 103 Pa.
Trial 2:

P = d x g x h

    = (997.538 Kg/m3)(9.8 m/s2)(0.385 m)

    = 3763.7 Pa

Therefore, the pressure of the water column for trial #2 is 3.76 x 103 Pa. 
Pressure of hydrogen gas:

Trial #1: 

Phydrogen = Patmosphere + Pwater column + Pwater vapour  
•
Let Patmosphere be 101.2 kPa.

•
Let Pwater column be 2.8 kPa. 

•
Let Pwater vapour be 2.81 kPa for a water temperature of 23 oC.  

Phydrogen = Patmosphere + Pwater column + Pwater vapour  

               = 101.2 kPa – 2.8 kPa – 2.81 kPa 

               = 95.59 kPa 

Therefore, the pressure of the hydrogen gas for trial #1 is 95.59 kPa.

Trial #2:

101.2 kPa – 3.76 kPa – 2.81 kPa

= 94.63 kPa 

Therefore, the pressure of the hydrogen gas for trial #2 is 94.63 kPa.

2. Moles of hydrogen gas:

Trial #1:

· Let V be the volume of hydrogen gas which is 21.8.0 mL = 0.0218 L.

· Let T be the room temperature which is 22.1oC = 295.25 K. 

PV = nRT

  n = PV ÷ RT

     = (0.99876635 atm)(0.0218 L) ÷ (0.0821 L atm/ K mol)(295.25 K)

     = 8.98 x 10-4mol 

Therefore, the number of moles of hydrogen gas for trial #1 is 

8.98 x 10-4 mol.

Trial #2:

     = (0.99876635 atm)(0.0128 L) ÷ (0.0821 L atm/ K mol)(295.25 K)

     = 5.27 x 10-4 mol 

Therefore, the number of moles of hydrogen gas for trial #2 is 

5.27 x 10-4 mol.

3. Masses of Zinc and Aluminum in the alloy:

Trial #1:

Net ionic equations for the two reactions:

Zn(s) + 2H+(aq)         ͢    Zn2+(aq) + H2(g) 

Al(s) + 3H+(aq)             ͢   Al3+(aq) + 3/2 H2(g)  

n(hydrogen) = n(zinc) + 3/2 n(aluminum) 

m(alloy) = m(zinc) + m(aluminum) 

1) m(zinc) = m(alloy)  - m(aluminum)                                           2) n(hydrogen) = n(zinc) + 3/2 n(aluminum)
1) mzinc = malloy – maluminum 
          = 0.0440 g – 0.0162 g

          = 0.0278 g

Therefore, the mass of zinc for trial #1 is 2.78 x 10-2 g.

2) maluminum = nhydrogen – (malloy ÷ Mzinc) ÷ (3 ÷ (2 Maluminum) – 1/Mzinc) 
                 = [8.98 x 10-4mol – (0.0440g ÷ 65.39g/mol) ÷ (3 ÷ (2 x 26.98g/mol)) – (1 ÷ 65.39g/mol)]

                            = 0.0265 g 

                            Therefore, the mass of aluminum for trial #1 is 2.65 x 10-2 g.  

                  Trial #2:

0.0400 g – 0.0162 g 

= 0.0238 g

maluminum = nhydrogen – (malloy ÷ Mzinc) ÷ (3 ÷ (2 Maluminum) – 1/Mzinc) 
                 = [5.27 x 10-4 mol – (0.0400g ÷ 65.39g/mol) ÷ (3 ÷ (2 x 26.98g/mol)) – (1 ÷ 65.39g/mol)]

                            = 0.0258 g 

4. Percent composition of the alloy:

Trial #1:   Zinc

Percent composition = (mass(zinc) ÷ mass(alloy)) x 100

                                      = (0.0278 g ÷ 0.0440 g) x 100

                                      = 63.18 percent 

Trial #1:   Aluminum

Percent composition = (mass(aluminum) ÷ mass(alloy)) x 100

                                      = (0.0265 g ÷ 0.0440 g) x 100 

                                      = 60.23 percent

 Trial #2 Zinc 

59.5 %

Trial #2 Aluminum 

64.5 %

5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Trial #1: (63.18 + 60.23) ÷ 2 = 61.7 %
Trial #2: (59.5 + 64.5) ÷ 2 = 62 %

Discussion: (within space provided)

The reaction between Zn and the HCl occurred rapidly because there is a higher electronegativity when the Zn and chlorine bond than when the hydrogen and chlorine bond. The hydrogen ions form bubbles of gas that rise up to the top of the eudiometer because they are not stable alone. 
The amount of hydrogen gas liberated is proportional to the amount of the zinc that reacted. One mole of zinc reacted with one mole of hydrogen. In trials #1 and #2 of the zinc, the percent purity of zinc is 102 % and 96 %. This is a source of error because the purity of zinc shouldn’t be above 100 percent nor close to 100 percent due to the fact that the metal zinc has probably been contaminated in factories. A factor that could have affected the percentage purity of zinc to be large, is that there was a loss of solution when we turned the eudiometer over to connect with the metal holder. In trial #2 for the metal zinc, there was a loss of gas because we didn’t fill the beaker up with enough water. This loss of gas allowed for air to come in and thus, resulting in the percentage purity of zinc to be large.  As well, there might have been some contamination to the zinc strip because we probably did not polish it properly. 
For both trials of the alloy experiment, the reactions occurred slower than that of the metal reaction (zinc). Alloys are much stronger than pure metal because an alloy has a mixture of two metals rather than just a single metal which makes it stronger and harder to break.  

Strong bonds are created when aluminum and zinc are bonded together, making more difficult for the alloy to have a reaction with HCl. For this reason, the reaction of the alloy with HCl was slower than the reaction between the pure metal and HCl. Finally, the black powder-like substance that appeared at the top of the eudiometer during this reaction could have been as a result of us not polishing the alloy properly. It rose to the top because water has a greater density. 
Conclusion:  (no more than two lines)

In conclusion, the average percent purity of the metal zinc is 99 %. The average percent composition of the alloy for trial #1 is 61.7 % and for trial #2 is 62 %. 
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