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Experiment 1.

Determination of the Composition of an Alloy

Checklist:
· Raw Data Sheet written in pen, signed by TA and attached 
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Student’s Initials: KBS 

Data Tables


Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium (Mg)
	Magnesium (Mg)

	Mass of metal (g)
	0.0281g
	0.0265g

	Uncalibrated volume of eudiometer (mL)
	10mL-6mL=4mL
	10mL-4.8mL=5.2mL

	Volume of hydrogen gas (mL)
	24.6mL
	22.3mL

	Height of water column (cm)
	21.2cm 
	24.7cm

	Density of water (kg/m3)
	997.05kg/m³
	996.79kg/m³

	Acceleration due to gravity (m/s2)
	9.80665m/s2
	9.80665m/s2

	Pressure of water column (Pa)
	2.07Pa
	2.41Pa

	Water Temperature (C)
	25C
	26C

	Water Vapour pressure (Pa)
	3170Pa
	3360Pa

	Atmospheric Pressure (Torr)
	759.81Torr
	759.81Torr

	Pressure of Hydrogen (Pa) 
	9.61Pa
	9.56Pa

	Room Temperature (C)
	22.4C
	22.4C

	Ideal Gas Constant, R 
	8.206
	8.206

	Actual Moles of Hydrogen (mol)
	1.12mol
	8.67mol

	Theoretical moles of Hydrogen (mol)
	1.16mol
	1.09mol

	Percent Yield (%)
	96.7%
	79.5%



Observations (Part 1):

After submerging the eudiometer containing the hydrochloric acid and distilled water over the vial containing the magnesium, there was no visible reaction for the first 10-15 seconds. This is due to the fact that the hydrochloric acid needed to make its way down the tube and reach the magnesium strip in the vial to initiate a reaction. Once this happened, precipitate in the form of hydrogen gas (bubbles) started making its way up the eudiometer rapidly. The gas displaced the water and gradually formed an air column at the top of the eudiometer. Eventually, the gas bubbles ceased meaning that the reaction had reached completion. Once the grey magnesium had been completely consumed by the HCl, a colourless solution and precipitate (gas) remained in the apparatus. 

Table 2.  Alloy

	Data
	Trial 1
	Trial 2

	Unknown Number
	6239
	6239

	Mass of alloy (g)
	0.040g
	0.040g

	Uncalibrated volume of eudiometer (mL)
	0mL (calibrated)
	0mL (calibrated)

	Volume of hydrogen gas (mL)
	24.7mL
	24.8mL

	Height of water column (cm)
	22.4cm
	27.5cm

	Density of water (kg/m3)
	997.54kg/m3
	997.30kg/m3

	Acceleration due to gravity (m/s2)
	9.80665m/s2
	9.80665m/s2

	Pressure of water column (Pa)
	2.19Pa
	2.69Pa

	Water Temperature (C)
	23C
	24C

	Water Vapour pressure (kPa)
	2.81kPa
	2.98kPa

	Atmospheric Pressure (Torr)
	759.81Torr
	759.81Torr

	Pressure of Hydrogen 
	9.50atm
	9.44atm

	Room Temperature 
	22.4C
	22.4C

	Ideal Gas Constant, R 
	8.206
	8.206

	Moles of Hydrogen (mol)
	9.68mol
	9.64mol

	Mass of Zinc (g)
	3.12g
	3.13g

	Mass of Aluminum (g)
	8.84g
	8.74g

	Percent Zinc (%)
	77.9%
	78.2%

	Percent Aluminum (%)
	22.1%
	21.8%

	Average Percent
	Zinc=78.0%, Aluminium=22.0%


Data above (mass of alloy, volume of hydrogen gas, height of water column, and water temperature) belongs to Nicole Ferri (8705350), and Firyal Meti (8790034)

Observations (Part 2):

A 15-20 second delay occurred before the formation of bubbles in the eudiometer. When the acid reached the shards of alloy, bubbles began to form around the alloy sample, and then the reaction grew more violent and rapid as the alloy was consumed. Precipitate formed and rose in large amounts. An air gap was formed at the top of the eudiometer. The reaction was more violent than that of the pure metal, and we had to try and avoid shards of alloy rising up the eudiometer with the gas. The reacted metal formed a dark grey residue that took away from the clearness of the solution. 


Sample Calculation :		Pure Metal

1. Uncalibrated Volume of the Eudiometer:

10mL of distilled water was added to both eudiometers. The meniscus in the first eudiometer revealed a volume of 6mL, meaning that the uncalibrated portion was 4mL. The meniscus in the second eudiometer revealed a volume of 4.8mL, meaning that the uncalibrated portion of the eudiometer was 5.2mL.

	Trial 1
	Trial 2

	
	




2. Volume of Hydrogen gas:

	Trial 1
	Trial 2

	



	







3. Pressure exerted by the water column:

	Trial 1
	Trial 2

	



	







4. Pressure of hydrogen gas:
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	Trial 2

	




	












5. Moles of hydrogen gas (experimental):

	Trial 1
	Trial 2

	




	








6. Moles of hydrogen gas (theoretical):



This equation shows a 1:1 ratio between the magnesium consumed and the hydrogen gas produced, therefore the theoretical moles of magnesium is equal to the theoretical moles of hydrogen gas. 

	Trial 1
	Trial 2

	


	






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

	Trial 1
	Trial 2

	


Percent error: 3.30%
	


Percent error: 20.5% 




8. Average Percent Purity:



Sample Calculation:		Alloy


1. Pressure of water column and hydrogen gas:

	Trial 1
	Trial 2

	



	




	




	








2. Moles of hydrogen gas:

	Trial 1
	Trial 2

	




	








3. Masses of Zinc and Aluminum in the alloy:













	Trial 1
	









	Trial 2
	












4. Percent composition of the alloy:

	Trial 1
	






	Trial 2
	









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










Discussion: (within space provided)

To find the amount in moles of experimental hydrogen liberated in the reaction between the pure metal (Mg) and the HCl, I first have to find the pressure of the hydrogen gas by using Dalton’s law of partial pressures. I know that the pressure inside the eudiometer must be equal to the pressure outside the eudiometer. Therefore, the pressure of hydrogen can be calculated by subtracting the pressure of the water vapour and water column from the atmospheric pressure. After finding the pressure of hydrogen, I used the ideal gas law to calculate the moles of hydrogen liberated by the pure metal. The ideal gas law gave me the experimental value for the amount of hydrogen produced. Using stoichiometry, the balanced chemical equation of the reaction, and the amount of magnesium used, I was able to calculate the theoretical yield of hydrogen. After comparing the experimental yield versus the theoretical yield, I found that in my first trial I had a percent purity of 96.7% (percent error of 3.30%). In the second trial, I had a percent purity of 79.5% (percent error of 20.5%). Having a percent purity below 100% means that the amount of hydrogen gas collected was lower than the anticipated theoretical yield of hydrogen. The percent error for trial 2 is quite high and seems to have been a result of human error. Possibilities include that the reaction was not allowed to reach completion before the volume of hydrogen was recorded, or the volume of hydrogen and the height of the water column measurements were not taken properly (from the bottom of the meniscus). It is also possible that the sample was sanded down after its mass was recorded, meaning that some of the sample’s mass was lost and not accounted for in the calculations. 

For the alloy, the same calculations were performed to find the pressure of hydrogen gas and the amount of moles of hydrogen gas. However, since the alloy is a combination of two pure metals (Zn and Al), the amount of hydrogen gas liberated is equal to the sum that each metal liberated individually. Moreover, the total amount of hydrogen gas produced is partially from a reaction between zinc and hydrochloric acid, and partially from a reaction between aluminium and hydrochloric acid. The amount of gas produced by each metal depends on the composition of the alloy. In this case, the composition of my alloy was 78.0% Zinc and 22.0% aluminium. These results seem reasonable since the alloy does not have a defined composition of pure metals. 




Conclusion: (no more than two lines)
The values obtained for the amount in moles of hydrogen liberated from the reaction of HCl and Mg are 1.12mol (trial 1) and 8.67mol (trial 2), these amounts are lower than the anticipated theoretical yield of hydrogen that was calculated using stoichiometry. This is a result of experimental error. The alloy that was reacted with HCl was determined to be composed of 78.0% Zinc and 22.0% Aluminium. These results are deemed reasonable.
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