Determination of the Composition of an Alloy 

(Lab #1)

Data Tables

Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium (Mg)
	Magnesium (Mg)

	Mass of metal (g)
	0.0265
	0.0247

	Uncalibrated volume of eudiometer (mL)
	N/A
	N/A

	Volume of hydrogen gas (mL)
	28.01
	26.4

	Height of water column (cm)
	26.2
	47.2

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	2 570.22
	4630.32

	Water Temperature ((C)
	23.1
	22.4

	Water Vapour pressure (Pa)
	0.00281
	0.00264

	Atmospheric Pressure (Torr)
	757.562
	757.562

	Pressure of Hydrogen (Pa)
	98 429.78
	96 369. 68

	Room Temperature (degree C)
	22.0
	22.0

	Ideal Gas Constant, R (Joule/mol*K)
	8.314 
	8.314 

	Actual Moles of Hydrogen (mol)
	1.12 x 10-3
	1.04 x 10-3

	Theoretical moles of Hydrogen (mol)
	1.09 x 10-3
	1.02 x 10-3

	Percent Yield (%)
	102.75
	102.02 


Observations (Part 1):
Hydrochloric Acid (HCl(aq)) – colourless, strong smelling, transparent 

Magnesium (Mg(s)) – somewhat malleable, dingy silver, metallic smell 
Once the magnesium reacted with the HCl, it bubbled and started rising. A gas was produced and slowly filled up the top of the eudiometer. Once all of the magnesium was gone the gas stopped forming and the bubbles that had been making their way to the surface of the solution got slower and eventually stopped. The reaction did not take too long, and since the magnesium was in strips, the two visible strips were completely reacted. 

Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	6681
	6681

	Mass of alloy (g)
	0.0409
	0.0399

	Uncalibrated volume of eudiometer (mL)
	N/A
	N/A

	Volume of hydrogen gas (mL)
	28.7
	24.7

	Height of water column (cm)
	23.8
	31.0

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	2334.78
	3041.10

	Water Temperature ((C)
	22.1
	22.4

	Water Vapour pressure (Pa)
	0.00264
	0.00264

	Atmospheric Pressure (Torr)
	757.562
	757.562

	Pressure of Hydrogen (Pa)
	98 6665.22
	97 958.90

	Room Temperature (degree C)
	22.0
	22.0

	Ideal Gas Constant, R (Joule/mol*K)
	8.314 
	8.314 

	Moles of Hydrogen (mol)
	1.15 x 10-3
	9.86 x 10-4

	Mass of Zinc (g)
	2.79 x 10-2
	3.60 x 10-2

	Mass of Aluminum (g)
	1.30 x 10-2
	3.92 x 10-3

	Percent Zinc (%)
	68.20
	90.18

	Percent Aluminum (%)
	31.80
	9.82

	Average Percent(%)
	Zn – 79.19
	Al – 20.81


Observations (Part 2):
Hydrochloric Acid (HCl(aq)) – colourless, strong smelling, transparent 

Alloy  (duralumin) – silver, no noticeable smell, shavings were thin and light
Once the alloy reacted with the HCl, it bubbled and started rising like during the pure metal trial, but the reaction took longer to happen and to end. A gas was produced and slowly filled up the top of the eudiometer. Once all of the metal was gone the gas stopped forming and the bubbles that had been making their way to the surface of the solution got slower and eventually stopped. The reaction took much longer than with the magnesium. The metal bits were harder to find in the eudiometer, and therefore were more likely to be left behind and unreacted. 

Sample Calculation : Magnesium Pure Metal Trial #1
1. Uncalibrated Volume of the Eudiometer:

N/A (Eudiometer started at 1 ml)
2. Volume of Hydrogen gas:

Therefore the volume is the same as what we recorded; for the purposes of the calculations for the pure metal lab, the volume for trial 1 will be used in the calculations. 
Volume = 28.01 mL
3. Pressure exerted by the water column:

p = dgh
   = (1000 kg/m³)(9.81 m/s²)(0.262 m)

   = 2 570.22 Pa
4. Pressure of hydrogen gas:

Phydrogen = Patmospheric – Pwater column – Pwater vapour
               = 101 000 Pa – 2570.22 Pa – 0.00281 Pa
               = 98 429.78 Pa
5. Moles of hydrogen gas (experimental):

n = pV/RT
n = (98 429.78 Pa)( 2.801 x 10-5 cm3)
       ---------------------------------------
       (8.314 Joule/[mol*K]) (295.15 K)
n = 1.12*10-3 mol Hydrogen 
6. Moles of hydrogen gas (theoretical):

Balanced Chemical Equation: Mg(s) + 2HCL (aq) ( MgCl2(aq) + H2(g)
0.0265 g Mg   x   1 mol Mg      x    1 mol H2       = 1.09 * 10-3 mol H2
                           -------------       -------------    
24.31 Mg               1 mol Mg
7. Percentage Purity of metal (percentage yield of hydrogen):
% yield =       actual yield 
                 ----------------------  
                   theoretical yield 
               = 1.12*10-3 mol Hydrogen
                   ------------------------------   x 100
                  1.09 *10-3 mol Hydrogen
               = 102.75 %

8. Average Percent Purity:

Avg % Purity = % Purity 1 + % Purity 2

                                           -----------------------------------------

                                                                       2
                                         = 101.89%
Sample Calculation : Alloy Trial #1
1. Pressure of water column and hydrogen gas:
p = dgh

   = (1000 kg/m³)(9.81 m/s²)(0.238 m)

   =  2334.78 Pa
Phydrogen = Patmospheric – Pwater column – Pwater vapour
               = 101 000 Pa – 2334.78 Pa – 0.00287 Pa

               = 98 665.22 Pa
2. Moles of hydrogen gas:

n = pV/RT

n = (98 665.22  Pa)( 2.870 x 10-5 cm3)

       ---------------------------------------
       (8.314 Joule/[mol*K]) (295.15 K)
n = 1.15 x 10-3 mol Hydrogen 
3. Masses of Zinc and Aluminum in the alloy: 

Let x represent the mass of Zn in the alloy
nhydrogen total =   mass of zinc         +   3     +       mass of aluminum 

                       molar mass of zinc       2             molar mass of aluminum
  1.15 * 10-3 molH  =                  x             +     3     +       (mass of alloy – x) 

                                                  65.38  g            2                             26.98 g

1.15 * 10-3   = 53.96 x + 8.022126 – 196.14x
                          -----------------------------------

                                          3527.9048
x (mass of Zn) = 2.79 x 10-2 g 
mass of alloy – x (mass of Al) = 1.30 x 10-2
4. Percent composition of the alloy:

% of Alloy that is Zn = mass of Zn/total mass of alloy
                                      = 68.2% Zinc
% of Alloy that is Al = mass of Al/total mass of alloy

                                      = 31.8% Aluminum 
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):

Average of Zinc = % of Zinc in trial 1 + % of Zinc in trial 2

                             =  (68.20% + 90.18%)/2

                             =  79.19 %  

Average of Aluminium = % of Aluminium in trial 1 + % of Aluminium in trial 2

                             =  (31.80 % + 9.82%)/2

                             =  20.81 %  

Discussion: (within space provided)
During this experiment, it was important to measure the mass of metal as accurately and to as exact a value as was possible because the mass of metal was to be the ‘known’ in different calculations to determine the amount of Hydrogen gas that was created; the acid did not to be measured out as exactly because the Hydrogen gas that was released was in exact proportion to the amount of metal reacted. Since the lab was focused on determining the composition of an alloy using moles of hydrogen gas, the volume of acid was not actually essential to the calculations and was only necessary to complete the experiment, not the calculations. 


The results are affected if air bubbles are present in the eudiometer; during the first trial for the alloy, the eudiometer had noticeable air bubbles present once it was vertical and upside down in the beaker; this affected the volume of Hydrogen gas measured and thus skewed all of the results for that particular trial’s calculations, since the calculations build on themselves and getting an incorrect value for the moles of hydrogen gas (which is based on the recorded volume of hydrogen gas collected) will later yield an incorrect value for the percent composition of the alloy.  The same can be said for any unreacted metal that was measured and included in the mass of metal reacted but did not actually contribute to the amount of hydrogen gas released.


Our percent yield was a bit greater than 100%, which indicates that there may have been an error during the lab due to excess air bubbles in the eudiometer or an incorrect recorded value of the mass of metal reacted, or any other scenario where more hydrogen gas (or a greater volume of gaseous substance) is produced than would theoretically be produced using that actual value of metal. 


An alloy is a combination of 2 or more metals that is considered a homogenous metallic solution (the metals appear to be one metal). When an alloy reacts with acid, it is likely that all of the metallic components of the alloy will react with and form bonds to the non-hydrogen aspect of the acid (i.e Chloride ion). Alloys take longer than pure metals to react with acids, as evidenced by the time it took for the alloy to react compared to the time it took for the magnesium to react. 
The biggest error made was during the first trial with the alloy, when the eudiometer was not handled correctly and some air was allowed in to the tube before the surface of the solution was reached, thus adding extra gaseous volume to our volume of hydrogen, giving us more than was necessarily produced. Other than that, the procedure was mostly flawless with the exception of the method of keeping the contents of the eudiometer within the tube until the opening was submerged; we tried using paper and our fingers but there is no perfect way to do that while remaining safe. This experiment allowed us to test out stoichiometry and the ideas of percent composition, molar conversions, and gas laws. It also relates to the quotidian use of alloys and their tendency to be less reactive. 
Conclusion:  (no more than two lines)
Thus, the number of moles of hydrogen produced through the experiment was about 1.12 x 103- , and the composition of the duralumin alloy we used was about 79.19% Zinc and 20.18% Aluminum.
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