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Determination of the Composition of an Alloy
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Data Tables


Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Zinc
	Zinc

	Mass of metal (g)
	0.0416 g
	0.0425 g

	Uncalibrated volume of eudiometer (mL)
	Already Calibrated
	Already Calibrated

	Volume of hydrogen gas (mL)
	16.7 mL
	17.1 mL

	Height of water column (cm)
	35.2 cm
	33.3 cm

	Density of water (kg/m3)
	1000 kg/m3
	1000 kg/m3

	Acceleration due to gravity (m/s2)
	9.81 m/s2
	9.81 m/s2

	Pressure of water column (Pa)
	3453.12 Pa
	3266.73 Pa

	Water Temperature (C)
	22.4 C
	23.6 C

	Water Vapour pressure (Pa)
	2640 Pa
	2980 Pa

	Atmospheric Pressure (Torr)
	1.013 x 103  Torr
	1.013 x 103 Torr

	Pressure of Hydrogen 
	95.411 KPa
	95.070 KPa

	Room Temperature 
	295 K
	295 K

	Ideal Gas Constant, R 
	8.314 L kPa K−1 mol−1
	8.314 L kPa K−1 mol−1

	Actual Moles of Hydrogen (mol)
	0.000649655 mol
	0.000662838 mol

	Theoretical moles of Hydrogen (mol)
	0.00063628 mol
	0.000650045 mol

	Percent Yield (%)
	102 %
	102%



Observations (Part 1):

· White bubbles form as HCl (aq) touches Zn (s)
· Reaction takes several minutes


Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	Unlabelled
	Unlabelled

	Mass of alloy (g)
	0.041 g
	0.0465 g

	Uncalibrated volume of eudiometer (mL)
	Calibrated
	Calibrated

	Volume of hydrogen gas (mL)
	25.8 mL
	26.0 mL

	Height of water column (cm)
	24 cm
	23.8 cm

	Density of water (kg/m3)
	1000 kg/m3
	1000 kg/m3

	Acceleration due to gravity (m/s2)
	9.81 m/s2
	9.81 m/s2

	Pressure of water column (Pa)
	2354.5 Pa
	2383.83 Pa

	Water Temperature (C)
	24.1 C
	24.3 C

	Water Vapour pressure (kPa)
	2.98 kPa
	2.98 kPa

	Atmospheric Pressure (Torr)
	1.013 x 103  Torr
	1.013 x 103  Torr

	Pressure of Hydrogen 
	95.9906 kPa
	95.9612 kPa

	Room Temperature 
	295 K
	295 K

	Ideal Gas Constant, R 
	8.314 L kPa K−1 mol−1
	8.314 L kPa K−1 mol−1

	Moles of Hydrogen (mol)
	0.001009755 mol
	0.001017271 mol

	Mass of Zinc (g)
	0.03152 g
	0.041 g

	Mass of Aluminum (g)
	0.00948 g
	0.0050 g

	Percent Zinc (%)
	76.90 %
	88.17 %

	Percent Aluminum (%)
	23.10 %
	11.83 %

	Average Percent
	
	



Observations (Part 2):

· Much more vigorous bubbling for both reactions
· Black precipitate forms at top of eudiometer
· Reaction takes much longer
· Particles of metal tend to rush to the top

Sample Calculation:		Pure Metal

1. Uncalibrated Volume of the Eudiometer:

                     Already Calibrated



2. Volume of Hydrogen gas:

Trial 2

VH2 = 17.1 mL
       = 0.0171 L
Trial 1

VH2 = 16.7 mL
       = 0.0167 L







3. Pressure exerted by the water column:Trial 2

PWc= d*g*h
      = (1000 kg/m3) * (9.81 m/s2) * (0.333 m)
      = 3266.73 Pa

Trial 1

PWc= d*g*h
      = (1000 kg/m3) * (9.81 m/s2) * (0.352 m)
      = 3453.12 Pa



4. Pressure of hydrogen gas:Trial 2

PH2 = Patm – PWc - PWv
      = (101325 Pa)- (3266.73 Pa)- (2980 Pa)
      = 95078.27Pa
      = 95.07 KPa

Trial 1

PH2 = Patm – PWc - PWv
      = (101325 Pa)- (3453.12 Pa)- (2640 Pa)
      = 95411.88 Pa
      = 95.411 KPa


5. Moles of hydrogen gas (experimental):Trial 2

PV= nRT            

n= PV/ RT          

Trial 1

PV= nRT            

n= PV/ RT          



6. Moles of hydrogen gas (theoretical):
Trial 2

  
      
         

  = 0.000650045 mol


Trial 1

  
      
         

  = 0.00063628 mol



7. Percentage Purity of metal (percentage yield of hydrogen):Trial 2








Trial 1








8. Average Percent Purity:


Trial 1 & 2




















Sample Calculation:		Alloy


1. Pressure of water column and hydrogen gas:Trial 2

1)  PWc= d*g*h
      = (1000 kg/m3) * (9.81 m/s2) * (0.243 m)
      = 2383.83 Pa
2)  PH2 = Patm – PWc - PWv
      = (101325 Pa)- (2383.83 Pa)- (2980 Pa)
      = 95961.17 Pa
      = 95.96117 KPa


Trial 1

1)  PWc= d*g*h
      = (1000 kg/m3) * (9.81 m/s2) * (0.24 m)
      = 2354.4 Pa
2)  PH2 = Patm – PWc - PWv
      = (101325 Pa)- (2354.4 Pa)- (2980 Pa)
      = 95990.6 Pa
      = 95.9906 KPa




2. Moles of hydrogen gas:Trial 1

PV= nRT            

n= PV/ RT          
Trial 2

PV= nRT            

n= PV/ RT          




3. Masses of Zinc and Aluminum in the alloy:

Trial 2

    and   

1)    


  0.0665100g – 3.6349  = 0.0465 g - 



2) 
         = 0.041 g

3) 

Trial 1

    and   

1)    


  0.0660338 g – 3.6349  = 0.041 g - 



2) 
         = 0.03152 g

3) 



















4. Percent composition of the alloy:

Trial 1

1) 





2) 



Trial 1

1) 





2) 





















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


Trial 1 & 2 






                  

                          























Discussion: (within space provided)
For the first part of this experiment, a sample of a pure metal is reacted with a volume of concentrated hydrochloric acid. The liberated hydrogen gas is trapped over water using a eudiometer. Using the Ideal Gas Law (), stoichiometry (mole ratios) as well as Dalton’s law of partial pressures (), the amount () of hydrogen gas and the amount () of metal reacted is determined. The theoretical amount of hydrogen produced (mol) is then determined for the pure metal(s) and is compared to the actual amount () of hydrogen gas produced.
 As for the second part of the experiment, the same process is done but with an alloy. The amount () of hydrogen and mass of the alloy is then used to determine the composition of the alloy through substitution of 2 equations. An alloy is a metal made by combining 2 or more metallic elements, in this case zinc and aluminum.  An alloys reactivity differs from that of a pure metal depending on the composition, thus the reactivity of an alloy can vary from composition and purity. For example, alloy rich with zinc will react faster with  than pure aluminum. With this uncertainty in purity and composition, it can be expected that results will vary from trial to trial. This is because different pieces of an alloy will have different percent compositions of metal. Although results will differ from piece to piece, the mass of alloy used will change the result as there is more (or less) reactant with the HCL, resulting in a different amount of hydrogen gas. The mass of the alloy can however be given some small leeway (5-10%) because of the vast difference is composition and purity.  
	The eudiometer used did not require calibration, this in turn did not affect the measurements of volume and heights of the water column. If it had not been calibrated, the difference would have been needed for the volume of the uncalibrated tip. If air enters the eudiometer, this would do 2 things. It would change the pressure inside of the hydrogen and it would also contaminate the hydrogen gas resulting in a volume of gas trapped. This would change the calculations entirely and would nullify the experiment. The mass of the metal was measured exactly because it is, in this case, the limiting reagent of the reaction (as per determined by Table 2: Procedure). The 12 M hydrochloric acid is in excess, as it was the amount of metal that determines the amount of hydrogen gas. The volume of the acid is also not required to determine theoretical values of hydrogen gas although it can be used. The metal is essential to the reaction. Therefore, if some metal floats up and sticks to the eudiometer, the results would have been affected. This is because the amount of hydrogen gas produced would have been less than theoretically calculated as some reactant (metal) would have been lost. This is a possible source of error for the experiment, the only remedy being to tap the eudiometer gently with intentions to settle and sink the metals. 
	The percent yield of both pure metals were greater than 100%. This could be due to several different factors. The pure metal may have impurities which resulted in a larger volume of hydrogen gas released. There could have also been air in the eudiometer due to mechanical errors when flipping the eudiometer into the water, which would result in a different volume of gas inside. These errors could also result in experiment with less than 100% yield. Perfect yield (100%) could mean that the metal was pure and the experiment was done perfectly or that an error was made on an impure metal. This would have been due to mechanical errors in the procedure, resulting in different volumes of gas measured or contamination of the eudiometer. This experiment relates directly to the work done in class. It encompasses all stoichiometry and gas laws. It is a practical example of the Ideal Gas Law (), stoichiometry (mole ratios) as well as Dalton’s law of partial pressures () all in use in real life. It covers both chapter 1 and 2 respectively.

Conclusion:  (no more than two lines)

In this experiment, both pure metals were found to have 102% yield due to impurities in the metal and/or mechanical errors. The first alloy was found to be made of 76.90% zinc and 23.10% aluminum, the second being 88.17% zinc and 11.83% aluminum. The alloys have  and .
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