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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 

· Report Form completed in pen (or typed) and attached
Student’s Initials _____
Data Tables
Table 1.  Pure Metal
	Data
	Trial 1
	Trial 2

	Identity of Metal
	Magnesium
	Magnesium

	Mass of metal (g)
	0.0281
	0.0268

	Uncalibrated volume of eudiometer (mL)
	2.2
	2.2

	Volume of hydrogen gas (mL)
	29.8
	30.5

	Height of water column (cm)
	17.6
	16.1

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	1.43 x103
	1.58 x103

	Water Temperature ((C)
	24
	25

	Water Vapour pressure (Pa)
	2.98 x103
	3.17 x103

	Atmospheric Pressure (Torr)
	756.66
	756.66

	Pressure of Hydrogen (pa)
	9.63 x104
	9.63 x104

	Room Temperature 
	25
	25

	Ideal Gas Constant, R 
	0.0821 L atm K-1 mol-1
	0.0821 L atm K-1 mol-1

	Actual Moles of Hydrogen (mol)
	1.14 x10-3
	1.17 x10-3

	Theoretical moles of Hydrogen (mol)
	1.16 x10-3
	1.16 x10-3

	Percent Yield (%)
	98%
	101%


Observations (Part 1):
· Hot fumes were released

· The metal disappeared over a period of time

· Solution was transparent however contained a large amount of bubbles

· Quicker reaction compared to that of the alloy reaction
Table 2.  Alloy
	Data
	Trial 1
	Trial 2

	Unknown Number
	2352
	2352

	Mass of alloy (g)
	0.04
	0.04

	Un-calibrated volume of eudiometer (mL)
	Calibrated
	Calibrated

	Volume of hydrogen gas (mL)
	14.7
	37.9

	Height of water column (cm)
	35.4
	8.7

	Density of water (kg/m3)
	1000
	1000

	Acceleration due to gravity (m/s2)
	9.81
	9.81

	Pressure of water column (Pa)
	3.47 x103
	8.53 x103

	Water Temperature ((C)
	24
	24

	Water Vapour pressure (Pa)
	9.66 x104
	9.50 x104

	Atmospheric Pressure (Torr)
	756.66
	756.66

	Pressure of Hydrogen 
	9.46 x 104
	9.67 x 104

	Room Temperature 
	25
	25

	Ideal Gas Constant, R 
	0.0821 L atm K-1 mol-1
	0.0821 L atm K-1 mol-1

	Moles of Hydrogen (mol)
	5.66 x 10-4
	1.46x 10-3

	Mass of Zinc (g)
	4.1 x 10-2
	1.9 x 10-2

	Mass of Aluminum (g)
	-1.13 x 10-3
	2.1 x 10-2

	Percent Zinc (%)
	102.5
	47.5

	Percent Aluminum (%)
	-2.83
	52.5

	Average Percent
	              % Al = 24.84%                          % Zn= 75%


Observations (Part 2):
· Solution in the eudiometer fizzed up slowly and gradually

· Reaction took longer than the pure metal reaction

· Before reaction completion the solution turn slightly grey 

Sample Calculation: Pure Metal

1. Uncalibrated Volume of the Eudiometer:

VEudiometer = Vgc - Vet

     = 4 – 1.8


     = 2.2 
2. Volume of Hydrogen gas:


3. Pressure exerted by the water column:

Pa= 1kg / m ∙ s2
Kpa = 1000kg/ m ∙ s2



4. Pressure of hydrogen gas:

Trial 1: 






Trial 2:
PH = Patm - Pwc - Pwv




PH = 9.63 x 104 pa
PH = 10.1 x 104pa – 1.73 x 103 – 2.98 x 103
      = 9.63 x 104 pa
5. Moles of hydrogen gas (experimental):

Trial 1:  







Trial 2:
PV= NRT






N = 1.17 x10-3 mols 
N =PV / RT

N = (0.929 atm) (0.0298 L) / (0.0821 atm mol-1 K-1) (295 K)
N = 1.14 x10 -3 mols
6. Moles of hydrogen gas (theoretical):

Mass of Mg = 0.0281g 
n= m/ M

nMg = 0.0281g/ (24.31 mols/g)

        = 1.16 x 10-3 mols of Mg

1.16 x 10-3 mols of Mg x 1 mol of Hz/ 1 mol of Mg 

= 1.16 x 10-3 mols of Hz
7. Percentage Purity of metal:
Trial 1:









Trial 2:
% Purity of Mg = (1.14 x10 -3 mols of Hz / 1.16 x 10-3 mols of Hz) x 100%

% Purity = 101%
                        = 0.98 x 100%


         = 98%
8. Average Percent Purity:

Avg % Purity = 98% + 101% / 2


         = 199% /2

         = 99.4% 
Sample Calculation: Alloy

1. Pressure of water column and hydrogen gas:

 
Trial 1:

Pwc = d ∙ g ∙ h

       = (1000kg/m3) (9.81 m/s2) (0.354m) 

       = 3472.74
       = 3.47 x103 pa

PHz = Patm – Pwc - Pwv
       = 10.1 x104 pa- 3.47 x103 pa – 2.98 x103 pa 

       = 9.46 x104 pa 
2. Moles of hydrogen gas:

PV = NRT
N= PV / RT

Trial 1: 








Trial 2: 
N = (0.933atm) (0.0147 L)/ (0.0821 L atm K-1 mol-1) (295 K)

N = 1.46 x10-3 mols
   = 5.66 x10-4 mols 
3. Masses of Zinc and Aluminum in the alloy:

**(Trial 1 was not demonstrated below as it should be considered as an outlier seeing as the height of the water column was off by a large amount which further provides inaccurate results for percent composition of the alloy and the average composition of the alloy)**
Trial 2: 

Mass of alloy = 0.04g

1) Total moles of Hz = (mass of Zn ÷ molar mass of Zn) + (3 mass of of Al ÷ 2 molar mass Al)  

2) Mtotal  of alloy = mass of zinc + mass of aluminum 

                   0.004g = mass of Zn+ mass of Al 

3) MZn = 0.04g – x




Let x represent the mass of Aluminum 
1.46 x 10-3 mols of Hz = (0.004g – x ÷ 65.41g/mol) + (3 x ÷ 2 x 26.98 g/mol) 
1.46 x 10-3 mols of Hz = (0.04g - x ÷ 65.41g/mol) + (3x ÷53.96g/mol) 

1.46 x 10-3 mols of Hz = [(0.04 – x) (53.96) + (3x) (65.41)] ÷ [(65.41) (53.96)] 

1.46 x 10-3 mols of Hz = (2.1584 + 142.27x) ÷ 3529.5236

X= 2.1 x 10-2 = mass of Aluminum 
Mass of Zn = mass of alloy – mass of Aluminum
        = 0.04g – 2.1 x 10-2
        = 0.019g 
        = 1.9 x 10-2
Trial 2:
Mass of Aluminum = -1.13 x 10-3 g

Mass of Zn = 4.1 x 10-2 g
4. Percent composition of the alloy:


Trial 1: 
% Al = (mass of Al/ mass of alloy) x 100%

        = (2.1 x 10-2g / 0.04g) x 100%

        = 52.5 %

% Zn = (mass of Zn/mass of alloy) x 100%
         = (1.9 x 10-2/ 0.04g) x 100%

         = 47.5 %
5. Average Percent composition of the alloy (average of zinc values and average of aluminum values):
Avg % Al = [52.5% + (-2.83%) / 2]


Avg % Zn = [(47.5% + 102.5%)/ 2]
                 = 24. 84% 




   = 75%

Discussion: (within space provided)


In this experiment the percent purity of the pure metal magnesium, is determined by reacting it with hydrochloric acid and calculating the moles and hydrogen gas that is produced when preforming this reaction. Furthermore, in the second portion of the experiment, when following the same procedure the percent composition of an alloy is calculated. However throughout the performance of this reaction few sources of error occurred that may have alter the results which further alter the answers of the calculations. One of the sources of error include of the step at which the eudiometer tube is flipped upside down into the beaker. It may have been that the some of the solution could have leaved into the beaker containing distilled water throughout the process of placing the opening end of the eudiometer tube on top of the sample holder. This can explain why there is a massive difference between the volume of hydrogen gas and height of water column between trial 1 and 2 for the alloy reaction. Additionally, the height of the water column was measured using a ruler which results in inaccurate value as it is not to the exact millimetre and ruler could have been read incorrectly. Having an inaccurate value for the water column would result in an alteration of calculations of the pressure of the water column which further misleads the calculation of pressure of hydrogen gas and number of moles, hence overall obtaining inaccurate results. Furthermore it is noticed trial 1’s height of water column is very large. This is due to the fact that some of the solution did leak into the beaker filled with distilled water hence the mass of the aluminum is seen as a negative number. With the escape of solution the calculations of percent composition of the alloy and average percent composition of the alloy are deferred. Although there were sources of error that occurred throughout the reaction the experiment went well as planned and the composition of alloy was determined along with the percent purity of the pure metal; magnesium. 
Conclusion:  (no more than two lines)
In conclusion, with trial 1’s data of alloy #2352 being inaccurate it is determined that with the error it consisted of 24.84% Aluminum and 75% Zinc. The percent purity of the metal (magnesium) was 99.4%. 
Trial 1: 





VH1 = 29.8ml / 1000


         = 0.0298 L





Trial 2:





VH2 = 0.0305 L





Trail 2: 





Pwc = 1579.41 pa


       = 1.58 x 103 pa





Trial 1: 





Pwc= d ∙ g ∙ h


      = (1000 kg/m3) x 9.81 m/s2 x 0.176


      = 1726.56 pa = 1.73 x 103 pa 


 		OR


	             1.73 Kpa





Trail 2: 





Pwc = 8.53 x102 pa





PHz = 9.67 x104 pa





Trial 2:





% Al = -2.83%


% Zn = 102.5%
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