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Determination of the Composition of an Alloy
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Data Table

Table 1.  Pure Metal

	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium
	Magnesium

	Mass of metal (g)
	0.0251 g
	0.0246 g

	Uncalibrated volume of eudiometer (mL)
	Calibrated
	Calibrated

	Volume of hydrogen gas (mL)
	28.95 mL
	27.05 mL

	Height of water column (cm)
	24.25 cm
	23.65 cm

	Density of water (kg/m3)
	1.00x104 kg/m3
	1.00x104 kg/m3

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

	Pressure of water column (Pa)
	2.38 KPa
	2.32 KPa

	Water Temperature (C)
	22.5oC
	22.5oC

	Water Vapour pressure (Pa)
	2.81 KPa
	2.81 KPa

	Atmospheric Pressure (Torr)
	750.3 mm Hg
	750.3 mm Hg

	Pressure of Hydrogen 
	94.9 KPa
	94.9 KPa

	Room Temperature 
	22oC
	22oC

	Ideal Gas Constant, R 
	8.314 L.KPa/mol. K
	8.314 L.KPa/mol. K

	Actual Moles of Hydrogen (mol)
	1.12x10-3 moles
	1.05x10-3 moles

	Theoretical moles of Hydrogen (mol)
	1.03x10-3moles
	1.01x10-3moles

	Percent Yield (%)
	116%
	103%



Observations (Part 1):
· The magnesium dissolved and has formed bubbles.
· The reaction has occurred at a rapid rate.
· The eudiometer was shaking.
· A certain gas has formed taking space at the end of the eudiometer.




Table 2.  Alloy


	Data
	Trial 1
	Trial 2

	Unknown Number
	2084
	2084

	Mass of alloy (g)
	0.0904 g
	0.0827 g

	Uncalibrated volume of eudiometer (mL)
	Calibrated
	Calibrated

	Volume of hydrogen gas (mL)
	*Please read discussion
	43.70 mL

	Height of water column (cm)
	-
	7.45 cm

	Density of water (kg/m3)
	1.00x104 kg/m3
	1.00x104 kg/m3

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

	Pressure of water column (Pa)
	-
	7.30x10-1KPa

	Water Temperature (C)
	22.6oC
	22.6oC

	Water Vapour pressure (kPa)
	2.81 KPa
	2.81 KPa

	Atmospheric Pressure (Torr)
	750.3 mm Hg
	750.3 mm Hg

	Pressure of Hydrogen 
	-
	96.5 KPa

	Room Temperature 
	22oC
	22oC

	Ideal Gas Constant, R 
	8.314 L.KPa/mol. K
	8.314 L.KPa/mol. K

	Moles of Hydrogen (mol)
	-
	1.72x10-3 moles

	Mass of Zinc (g)
	-
	0.0714g

	Mass of Aluminum (g)
	-
	0.0113g

	Percent Zinc (%)
	-
	13.7%

	Percent Aluminum (%)
	-
	86.3%

	Average Percent
	-
	Insufficient data



Observations (Part 2):
· Very slow reaction.
· Bubble formed during the reaction.
· The alloy dissolved during the experiment.
· A certain gas has formed taking space at the end of the eudiometer.
· The eudiometer was slightly shaking during the experiment.




Sample Calculations: Magnesium Pure Metal
1. Uncalibrated Volume of the Eudiometer:
The eudiometer used in the experiment was already calibrated. 
2. Volume of Hydrogen gas:
	Trial 1
	Trial 2

	VH1=28.95 mL
	VH2=0.0246 g



3. Pressure exerted by the water column:
	Trial 1
	Trial 2

	Height of water column= 24.25 cm
                                     = 0.2425 m 
	Height of water column= 23.65 cm
                                     = 0.2365 m



	PH2O=(d)(g)(h)
	PH2O=(d)(g)(h)

	=(1.00x104 kg/m3)(9.8 m/s2)(0.2425m)
	=(1.00x104 kg/m3)(9.8 m/s2)(0.2365m)

	= 2376.5 Pa
	= 2317.7 Pa

	= 2.3756 KPa
= 2.38 KPa
	= 2.3177 KPa
= 2.32 KPa



4. Pressure of hydrogen gas:
Equation [11]: Phydrogen = Patmospheric - Pwater column - Pwater vapour 
PAtmospheric=750.3 mm Hg; 101.325 KPa = 760 mm Hg; P water vapour=2.81 KPa
We must convert Patmospheric to KPa
Let x represent the atmospheric pressure in KPa:
x/750.3 mm Hg=101.325 KPa/760 mm Hg
x=100.031773 KPa
x=100 KPa

	Trial 1
	Trial 2

	PH = Patmospheric - Pwater column - Pwater vapour
	PH = Patmospheric - Pwater column - Pwater vapour

	PH = 100.031773 – 2.378925- 2.81
	PH = 100.031773 – 2.320065 - 2.81

	PH = 94.842848 KPa
PH = 94.9 KPa


	PH= 94.901708 KPa
PH= 94.9 KPa



5. Moles of hydrogen gas (experimental):
T Room= 22oC+273K=295K
	Trial 1
	Trial 2

	PV=nRT
	PV=nRT

	nH2=PV/RT
	nH2=PV/RT

	nH2=(94.9 KPa)(0.02895L)/(8.314 L.KPa/mol. K)(295K)
	nH2=(94.9 KPa)(0.02705L)/(8.314 L.KPa/mol. K)(295K)

	nH2=0.00119492 moles
	nH2=0.001046668 moles

	nH2=1.12x10-3 moles
	nH2=1.05x10-3 moles



6. Moles of hydrogen gas (theoretical):
Mg(s) + 2HCL(aq) MgCl2(aq) + H2 (g)
1 mole of Mg reacts with HCL to produce 1 mole of H2 (the mole ratio is 1:1)

	Trial 1
	Trial 2

	nMg=Mass of Mg/molar mass of Mg
	nMg=Mass of Mg/molar mass of Mg

	nMg=(0.0251 g)/(24.3050 g/mol)
	nMg=(0.0246 g)/(24.3050 g/mol)

	nMg=0.001032709 moles
	nMg=0.0010121374 moles

	nMg=nH2
	nMg=nH2

	NH2=1.03x10-3moles
	NH2=1.01x10-3moles


7. Percentage Purity of metal:
	Trial 1
	Trial 2

	%Purity=experimental/theoreticalX100%
	%Purity=experimental/theoreticalX100%

	%Purity=1.12x10-3 moles/1.03x10-3molesX100%
	%Purity=1.05x10-3 moles/1.01x10-3molesX100%

	%Purity=115.707329%
%Purity=116%
	%Purity=103.4116514%
%Purity=103%


8. Average Percent Purity:
Average Percent Purity= (115.707329%+103.4116514%)/2
Average Percent Purity=109.5594902%
Average Percent Purity=110%




Sample Calculations: 2084 Alloy
1. Pressure of water column and hydrogen gas:

Let x represent the atmospheric pressure in KPa:
x/750.3 mm Hg=101.325 KPa/760 mm Hg
x=100.031773 KPa
x=100 KPa

Trial 2
Height of H2O column=7.45 cm
                                   =0.0745 m
PH2O column = (d)(g)(h)
               =(1.00x103 kg/m3)(9.8 m/s)(0.0745m)
               =730.845 Pa
               =0.730845 KPa
               =7.30x10-1KPa
· As calculated in question 4 of the pure metal section, Atmospheric pressure equals 100 KPa.

PressureH = Patmospheric - Pwater column - Pwater vapour
PressureH = (100.031773 KPa)-(0.730845 KPa)-(2.81 KPa)
PressureH = 96.490928 KPa
PressureH = 96.5 KPa
2. Moles of hydrogen gas:

T Room= 22oC+273K=295K

Trial 2
PV=nRT
nH2=PV/RT
nH2=(96.490928 KPa)(0.0437  mL)/(8.314 L.KPa/mol. K)(295K)
nH2=0.001719237 moles
nH2= 1.72x10-3 moles






3. Masses of Zinc and Aluminum in the alloy:
Trial 2
Mass of alloy=Mass of zinc + Mass of aluminum
0.0827 g= Mass of zinc + Mass of aluminum

nH2 =(n zinc in alloy) + 3/2(n aluminum in alloy)

nH2 =(m zinc in alloy/Molar mass of zinc) + 3/2(m aluminum in alloy/molar mass of aluminum)
0. 001719237 mol =(m zinc in alloy/65.39 g/mol) + 3/2[(0.0827 g –m zinc in alloy)/(26.98 g/mol)]
0.001719237 mol=(m zinc in alloy/65.39 g/mol) + 3(0.0827 g –m zinc in alloy)/(53.96 g/mol)
6.066232165=53.96m zinc in alloy+65.39(0.2481- 3m zinc in alloy)
6.066232165=53.96m zinc in alloy+16.223259- 196.17m zinc in alloy
-10.15702684=-142.21mzinc in alloy

m zinc in alloy=0.071422732g

Substitute mass of zinc into first equation to obtain mass	 of aluminum

nH2 =(n zinc in alloy) + 3/2(n aluminum in alloy)
0.001719237 mol=(0.071422732g/65.39 g/mol)+ 3/2(m aluminum in alloy/26.98 g/mol)
0.001719237 mol=0.001092257+(3m aluminum in alloy/53.96 g/mol)
m aluminum in alloy=0.011277267g
∴ m zinc in alloy=0.0714g
      m aluminum in alloy=0.0113g
4. Percent composition of the alloy:

	% composition= m zinc/m total x100
                      = 0.0714/0.0827 x 100
                      = 86.3%
	% composition= m zinc/m total
                      = 0.0113/0.0827
                      = 13.7%



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

Insufficient data since trial 1 of the experiment failed. Please read discussion for more information. 

Discussion: (within space provided)
*In the first trial of the second experiment, we used double the required mass of the alloy (0.0904g) resulting in a lot of hydrogen being produced. The hydrogen level surpassed the eudiometer and we were unable to measure the height of the water column. The experiment was unsuccessful.

Also, this experiment has many sources of errors that include:
· Reading the calibrated eudiometer due to the meniscus effect.  
· The way the eudiometer was positioned did not allow us to capture all the H2 produced by this reaction. Some of the hydrogen escaped and reached the surface of the water. This source of error altered our results by a decrease of the amount of metal calculated.
· In the second experiment: First trial, we used a great amount of Alloy resulting in a lot of Hydrogen. Some of the magnesium was still available even after the reaction was done; making it impossible to measure the height of water column. In the second trial, very little magnesium was left behind, decreasing the level of hydrogen produced. This error decreased the percentage of the composition of the alloy that was calculated.
· Measuring the height of the water column was slightly inaccurate since our hands were shaky. We also had to remove the ruler and measure the rest of the water column. This forced us to guesstimate the position of the ruler.

In experiment 1, we used similar masses for both trials and we obtained very close values for the volume of the gas. These values also resulted in similar results for both trials indicating that our results are reasonable.

In experiment 2, if we add both masses for zinc and aluminum we get the full mass of the alloy. This tells us that these masses complement each other to give us the full mass of the alloy. Since the addition of both percent compositions is 100% we can then conclude that our data is reasonable.

Conclusion:  (no more than two lines)
In conclusion, the % composition of zinc in the alloy was 86.3%, and the % composition of aluminum in the alloy was 13.7%. Also, the percent purity of magnesium was 116% in the first trial and 110% in the second trial.
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